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&r b^tig aal^Ka^. ftiid 1^0, fti 

S|^ (Bakmff, A* 109» Bj iliaadiioB ot 

60C4 OS benzase in presence of A),C1« (Friede!, 
CraftSt ft. Ador* B, 10,1855).-'7. From ^nzoio 
ftcid or benzoates and S^Cl. (Corias. A. 100, 
800).-~8. By heating benzoic acid with X.nCl; 
ftnd adding benzotricliloride (D. P. J. 330. lo7)! 
C,H,CCI, + C,H,.C0,H-2CJI..C0C1 ^ HCl. 

/VopeiYw. -Colourloss pungent oil. Docom- 
posed into HCl and bvnzoio acid slowly by cold, 
quickly by hot, water. Alcohol reacts vigoronsly. 
forming benzoic eth<‘r and 1101, Ether and CS. 
dissolve it without decomposition. 

fhnctioji^.—l. Atiueous KOH gives KOBz 
and KCL—2. Dry BiiO at l.'JO ’ forms ljz^O((jal, 
A, 128, 127).—H. Dry NH, or ammonium car- ' 
bomifc forms benzatnido; other bases act simi> 
larly. —1. jS’<x?inm has no action in the cold, but 
in presence of tther at 100\ ‘ dibcnzoyl ’ [MU'] 
is slowly formed (Briegel, 111. f2J 5, 27H), ’». 

Jli/tiiuU of Cofip^'r fimnn Cu.Cl^t and bi-nzoio ; 
Aldehyde (Chioz/.a, A. Ho, 2.32). - U. K1 forms ! 
Bzl.—7. HgCy.. forms B/.Cy. ■■ 8. KSCX forms ■ 
ben/onitrile, CO., and CS. (Limprichl, -I. ‘ 

U7).—9. Pb(SCN) foim.s BzSCN. - 10. KN'CO ! 
forms bcnzonitrile (ScliifT, A. 101, 93) and cya- 
pheninc (CUmz, />/. lHo9, 100). 11. Na(>B/. 
gives llz.^O (licrhardl). 12. Schlium formalc 
Forms Cd, NaCl, and benzoic acid. — l.'l. Potas* 
•ium oxalate forms BzX). KCl, CO, and CO . - 
14. By the dry nitrates of Pb, Ag, IJg, or <hi, 
it is converlf'd into benzoic anhydride, with 
formation lA the clilorido <»f the metal, N^O,, 
and oxygeji (LaclKiwicz, J). IH, 2990).- -iri. 
Cone. H ,SO, forms, ai)|'arently, Bz.SOJI, which 
on heating becomes l>enz('nc>Bul)ihonic nci<l 
(Oppenbeim, /. f2' 7. 21). -10. PCI-, at 20i)° 
gives C,H,.CCI„ C.H.Cl.CCl,, 0,11,0,.CCl, and 
at a higher t- mperature CCl,and chloriiiaf«il 
benzenes (SdiischkolT a. Hosing, J. 279; 
Limpricht, .1. 134, .^o; Claus a. llocli. B. 19, 
1194).—17. KlIS forms BzSlL—18. BaO, gives 
BZyO^.—19. S'liium nmalfjam in neid .solution 
forms benzoic aldch.ydo and benzyl alcohol 
fijippmann, A. 137, 2o2).—20. KNIJ, forms 
benzumide and dibenzamide (Banim-rt a. T.an- 
dolt, .1. Ill, 1).—21. Sncciiiic ether at 200”^ 
gives succinic anhydride, I'.tOBz, and KtCl 
(Kraut, A. 137. 234). 

-TiCljBzCl. Yellow 

crystals (Bertrand, Bl. [2] 34, 031). 

BEHZOYt-CaLORO.TOLUlBE v. Cumro. 

TOLTJIDISP.. 

BENZOTI CHOLIC ACID o. CuoLtc Acrn. 


r A«(a ia a* W ^ li&tiiNi; 

' The Iwnitroao-Mstophwono need not Im otpa. 
' rstoly propored, bat »myl nitrite (1 mol.) ma 
beellowed to drop elowljiiito a worm miitura 
«)f acetophenone (1 mol.) and acetyl ohlori^ 
(3 jiiols.), and the product distilled; yield: 65- 
7i) p.o. of the theorctic.'il (( l.nscn a. Manassa, 
/f.*20, 2196). Pungent erystulliim mass. !>•• 
ft»mpt)sed sli)wly by water, more readily by 
K01JA«| int.t HOBz and HCX. Fuming HOI 
forms 0„U^.C0.C0.NH._, whence phenyl-glyoxylla 
acid. Zinc and HCl reduce it to benzoic aide* 
hyde. NH, gives benzamitlc and NH,CN« 
.•1 «j7»mj gives honzanilide. I*f9'^ appears to 
form C„H,.CCI,.CN (221’) (Chiis. n, It. 12, 626). 
/uKt,, diluted will) other hums 3 p.c. of 
• benzeyanidino ’ C,,H,„NO,, [121 1, needles 
(from alcohol); another product (200'^-220'*), 
either contains phctiyl othyl ketonu or yields 
that body on oxidation (Frankland a. Iiouis, 
C. J. . 37 , 712 ). 

BENZOYL CTANIOXNE v. Ih'Nznvi. om- 

lUK. 

BENZOYL CYANUEATE v. Cwsumo xem, 
BENZOYL . CYHENE • SULPHAMIBE v, 

CyMKN’B SOLI'lloNIO Arm. 

BENZOYL-CYMENOL v. Cymiinol. 

BENZOYL CYMIDIDE v. (U.miiunk. 
BENZOYL BESOXALIC ACIB r. DasozilrfO 

Arm. 

BENZOYL-ISOBURENE v. Pjiknyi. mnx- 

MI.THYI,-l Jtl NYl, l.t J'li.Ni:. 

o-TRI-BENZOYLENE.BENZENE C„n,.p, 
i.e.. [above .'UiU 'i. Formed to* 

gt-ther will) njflliyleno - phtlmlyl by beating 
phtlialic z';l!v<liido with malonic ellu!: and 
sodimn icet.itf, tn liy the action of Jf^SO^on 
phthalyi-act lie acid ((tabrh! ». Miclmel, It, 10, 
l•V.y; m07. 1679; 11.92:.). V.ll.nv crys. 
liils. SoiT.hIo in ni(n»ij«-nzeiif, neaily ins{,lublo 
: in othr r :ndv<>n(s. Potash-fusion converts it 
I into I'henfiiyl-tri-bcnzoic acid 0,il,(C H,C().n), 

: 1261-j. 

BI . BENZOYL . ETHANE v. l)i.iMit:NYb* 

i r.THvrj:.SK-i.r-KivT0SK. 

I BENZOYL.ETHYL.ACETIC ACID t\ Bf.N. 

Zr.YL ACKin: ACJ1>. 

I BENZOYL - ETHYL - ANILINE v. Ktuyl- 
I ANILINK. 

BENZOYL . ETHYL - BENZENE v. Pim.vvL 

ETUYIi lUlK.NVn KK' 

BENZOYL.ETHYL o CARBOXYLIC ACID v, 

PlIKSyn KTHYt, KETc.Nii O-c aIUIO.X VJJO Afin. 

BENZOYL.PORMIC ACIB r;. P/mNvnoLT. 


BENZOYL-CROTONIC ACIB C„lf,..0, i.e. 
0,H».CO.C(CII .):CH.CO^. fllS'’]. Long poinle.l 
aystoU. Prepared by the action of Al.,<3, on a 
XOixtore of benzene and citraconic anhydride. 
By alkalis it is resolved into phei#) ethyl ketone 
and glyoxylic acid (Pechmann, 3. 15,^t)l)v' 
BENZOYL CU If IDIC ACIB v, PiiF.NY4a.xvi.YL. 

RBTOKB M-CAnOOXTlrlO ACID. 

BENZOYL CBHIBINE v. CoutT.fNR. 
BENZOYL CYANACETIC ETHER v. Ctano* 

8XNZOTL..\rETlC ETHEB. 

BRNZOYL CYANIDE C»H..CO.CN. [33®]. 
1308®), Formed by distilling BzCl with HgCy, or 
AgOy (Liebig a. W5bler, A. 3, 267; H. Streckcr, 
4* 90t 63; Hdbner a. Boebka, B. 10,480; Kolbe, 
4.60, 63; 98, 847). Form^ also by mixing 
iMftitroM.acetophsiWDa C,H,.CO.CH:NOii with 


oxvi.ic Acm. 

BENZOYL FLUrRIDE C ir..C(>.F. (162®). 

From HKl*', and DzCl (no..».ljn, A. 126, 60). 
Pungent li<|uid ; alt:e ks giu 'S. J>ecoinpo.sod by 
water into HF and JlOHn. 

BLBENZOYL FUMARIC ETHER 
CO,Et.ClJz:(Jl{z.CU.J'it. Fouixd by the action 
of iodijie diBsolvcd in etiicr upon the di¬ 
sodium compound of di ■ benzoyl • suceinato, 
CO,Et.CBzNa.CBzNa.CO,ia (reikin, C. J. 47, 
262). 

BENZOYL'OALLIC ACIB v. Caijjo acid. 
BENZ0YL.0LYC0C0LL r. HiiPimc acyd. 
BRNZOTL.OLTCOLLIC ACIB v. OItYcoluo 
ACD. 

a. BENZOYL. 180. EEXOIC ACID 9 . Z$9> 

butyl bXKZOth xctJio agu>. 
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' BBirZOTl mrosins ». BMzoio aaiBro*. 
K-BElfZOn-llUDX V. p. 475. 
DI-BEVZOTEi-ntDiaO V. iNDiso. 

BENZOYL lOBAHILINE v. loso-ANiLraa 
BENZOYL IODIDE O.H,.CO.I. Easily-fust* 
kid ctyataiVmo maas obtained by heating BzCl 
with K1 (Liebig a. Wohler, A. 3, 201;). 

BENZOYL-MATIN v. IsiTra. 

BENZOYL-IBETHIOKIO ACID v. Isktiiiosio 
ACin. 

BENZOTL-LACTIC ACID V. Ij.^C IIC ACll>. 

BEHZOYL-LETTdlNE Lriicink. 

TBI.BENZOYi.MELAMlNE v. Mklaminb. 

BENZOYL - TKIMELLITIC ACID. Benzo- 
pUrtwne tiicarbt^tifUc acid i.e. 

C,H,.CO.C,!l.,(COJl'), fr):l;‘2:JJ. i-’rom phonal 
^-ciiiiiyl kctoiic by oxiilalioi) with dilute UNO, 
or KMnO, (Klbs, J. pr. [•>] 35. dUl). Sulla.— 
BnllA'". 

BENZOYL-HESIDIDE r. 

BENZOYL-MESITYLENE r. ruK-vyr, Titi* 

UKTIlVr.-l’IIK.VVIi KKTIINK. 

Dibenzoyl-mositylene v. l)f • riniNVL i-nr- 
Mi;Tiiyi.-i’jirNVLr:\K juKirnivi;. 

Tri-benzoybnioflitylene CjolL.O, i.B, 
(C,.lIyCO),C„M«!,. Tri-plu‘ni/l tri-mcthyl-phc- 
iii-iuit [2U>-’J. Formed by heating 

beu/.«iyi me.silyli'm! or di -bouzoyl -nicsitylcne 
with h/,(’l and Al.Clrt ut Crystals (from 

iiU’ohol), V. hI. aol. eold ale.obol, v. sol. a mixture I 
of (dilorofonn and iiei tmie. When H/.Cl aetn 
on luf-aitylemi in i>ri'seno«.! of Al.X’h beluw US’ , 
«mly beji/oyl-jiicsitylono i» formed; at 150“ di- 
bfuzoyl-nu sityleno ia the chief product (Louiao, ^ 
V. It. OK, l-UO; A. Ch. ff>1 G, 237). 

o BEKZOYl VK81TYLENIC ACID C,„n,,0, 
i.f. C.H,.('0.C.,!r,Me,C001I. rylyl kc. 

tone carbtixylU' acid. IlKo'^'J. Prepared in tho 
name way as the «. acid (r. iu/ra) (Louise, JH. 
|2| 41, -US). Cotourle'v„v crystals, 4§sol. cold 
water, hI. boI, iMuliug \vul«‘r, hol. ClIClj, neettu ;', 
ether, and b<ui/«'iie. Us salts tto not crystallise 
Well.-- AkA'. (!uA'.. 


. Bi^xitEn. xAiona 

ACID (G.H4.00.CH,),0(GOAf IH^JmaovU 
maUmte acid. [184^. Formed by saponuB* 
cation of its ether, whion is obtained by theaotion 
of W'bromO'acetO'phenone npon sodio'malonio 
ether. Large colonrless prisms. V. sol. alcohol, 
ether, and acetic acid, si. sol. water, insul. 
benzene and ligroln. Boacts with phonyLhydra* 
zin(!. Kvolves CO, on heating, giving di-benzoyl- 
isobutyric acid.—“A^K.,: white needles or platw, 
V. sol. water.—*A"Ag 2 : nearly insol. white pp. 

Ui-ethyl ether A"Et.,: large white 

glistening prisms or long flat needles; v. sol. 
water, benzene, acetic acid, and CS„ less in 
alcoliul, insol. ligroin. Bcacts with phenyL 
hydrazine but not with hydroxylamine (Kues a. 
Pual,B. 19,3144). 

BENZOYL-METHYI^-KITEANILINE t>. p. 

NlTUO-PHBNYI,-W.AMIDO.ACBTOPHKNo>fB. 

BENZOYL. METHYL • PHENYL > KITBOS. 
AHINE V. PirKNYr,-A^fH)o.ACKTorjtKNONK. 

B£NZOYL.NAPHXlj;ALID£ v. NAPUiuTtr 

AMLVK. 

( BENZOYL • NAFHTHYLAMINE . lUIDE . 

{ CHLOBIDE V. w-CnLOItO-BENZYr.It>INK-NAt*JlTnYL- 
{ AMINK. 

BENZOYL.NAPHTHYL.THIO.irREAt;.NAPH. 

TllYL-TniO-nUKA. 

BENZOYL-NITEANILIDE v. Nituo-anilink. 
BENZOYL-NITEITE U/.NO,, (?). An oil 
formed together witli ni-nitro-bonzoic nhUdiydo 
by the action of 20 vols. of a mixture of UNO, 
(1 vol.) and H.NO, (2 vols.) njion 1 vol. of ben¬ 
zoic aldehyde (Lippuiann a. UnwUezek, 23. 9, 

I 14()3). It iH decompo.Be(l by distillation. 

! BENZOYL - NITBO - AMIDO - DIPHENYL v. 

. NlTUO-AMIDO-DIPlIKNYIi. 

I BENZOYL - NITBO - AUIDO - PHENOL v. 

1 NlTllO-AMIDO-rnKNOL. 

I BENZOYL NIIE0 ANI8ID1NE «, Nitbo. 

, AMino-PUKNML. 

BENZOYL NITBO-CUMIDINE v. Nitro- 

Ul-MJmXK. 


p.Botttoyl-mositylenio acid C,JI,.0,. (UUV ]. 
rr»’part*4l by oxidising plnuiyl tri iiirlhyl phcnyl 
hetono (benzoyl-tm sit\ lone) (Lemise, fil.['2\ U, 
41B; A. Ch. |G| G, 2IH). Njicn'ous sruU's. very 
soi.ether, Clll'h.iuvlono, Ai'., sol. bculing water. 

Suits. A'NIl,: .mia'l brilliafit rrvstiils.— 
A'Ag: while pp. B(>1. boiling wutt'r. A'..Pa*ia4p 
long needle:'. A'.Pu; bmg wbito rihmii'nts.— 
A'jMgGaq: crystals, sol. hot water.- 

BENZOYL-METHANE r. Ai-kto«-iiknonV. 

Di-beaioyl-aiethane r. Di piiknyl MKvnvi.cxK 
niKKtONK. • • 

Tri-bensoyl-methaue fCJIyCO),OU. .If.u 
Ih^nyl tri-pheni/l tn-ketimc i225'’j. Formtsl by 
tlie action of lx turnybchlorido on sodi>i didien- 
Zoyl-ineilmtie (Huoyer •. Perkin, 13. It*. 2135; 
C. /. 47. 210). Snmll medles. Sublimable. 
V. si. Bol. aUoht‘1, V. sol. dilute ulcoholic KOU. 
Couvertod by NaOKtand lt/.Cl into a .substance 
[»>0^-270’]. 


i BENZOYL - NITBO - NAPHTHALIDE v. 

Nmio-NArrnnYLAMiNK. 

BENZOYL - NITBO - DIPHENTLAMIDE V. 

Nitro-I) lPHVXYt..AM INK. 

BENZOYL-NITRO TOLDENE SULPHAMIDE 

V. Nrruo.Tiii.nKXK solphonic Acit>. 

BENZOYL-NITBO-TOLUIDE r. Nitro-tolc. 

HUNK. 

BENZOYL PEROXIDE C„H,.0, U. Bz.,0,. 
flop]. llzCl is mixoil with hydrate*! BaO, and 
the IV suiting solid cuke wasliod with water and 
Nn.fOj. ami eryslullised from (Brodie.Pr. 
I 0. 301 ; 12, f*5r>; Sporlich a. Lippmann, Nt<z. 
I li. 02, t)13). Trimotrm crystaU, inaol. water, t. 
,sol. etlier ami benzene, decomposed by beat, 
givmg oiT (’»>{ with slight explosion. Boiling 
_ KOTV\.l forms t) and KUBz. Benzoyl peroxide 
. acts as m\ oxiilising agent, splitting up into 
BzA) r.nd 0: thus it oxidistis /'•tuluidine to 
; toluene nzo tolm-ne, 


BENZOYL.MKTHYLAMINE t. MKtUYi..: BENZOYL-PHENOL CJI,.OBz o. Phenol* 
ttWNK. : C,H,.CO.C.H,OH e. Oxt-brszophenoke ‘ * 

BKEZOTt KETHYL-AHItlRE v. MtciiVL- BENZOfl-PKEHOL BEtPHOltIC ACID « 
unUNi. i FuENOt. soi.ru.'MC hcid. 

BEHZOYL ■ DHtETHYLABIIINS r. Di- BENZOYL-PHEITTL AItlllE 
liBTitYt..AMiix>.BRNEoruBNoEK. j G.H,.CO.C,H«Nn.. Beozanitid. (18 a 1 Ezn 

BEHZOYI-TEIIIETHTLBHE e. Pbisti. rni- (I4g.), »nd ZnCl, «(« the p.heoz<^,l 

lUTUVLt.NB BBIM-YB. j .I''*'"], logolhw With • littlo ot th. 
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PEEFAOE 


rwEKTSr-FiVE years have passed since the publication of the first edition of Walts’ 
Oietiomry of Okemistry began, and it is now seven years since the second paH of 
he last supplement was published. 

Some time before his death, Mr. Watts had agreed to prepare a new edition of 
lis Dictionaly, which should give as complete an account of the present state of the 
icienoe as might be found compatible with the appearance of the book in four 
rolomes of about 750 pages each. Mr. Watts had prepared Instructions to Con¬ 
tributors, and had written sixty-three pages for the new edition, when his death— 
trhich all chethists so deeply lamented—stopped the work. It has fallen to us to 
take up the task dropped from worthier hands, and to endeavour to bring.it to 
a satisfactory conclusion. 

Mr. Watts' MS. is printed very much as he left it, subject only to soma 
necessary condensation. In preparing a new edition we have found it necessary to 
rewrite the whole book. Our instructions were that we should give as complete and 
Bltiafactory.»n account of thg present state of chemical science as we conld, con¬ 
sistently with the size to which we were required to confine the book. We have 
been obliged, therefore, to adopt a very condensed style; the descriptions of in¬ 
dividual bodies ar^ given in few words, abbreviations are freely used, and formuU 
are frequently employed instead of names in order to save space. 

The original edition was called ‘A Dictional^' i/5^hemistry and the AUied' 
Branches of other Spences; ’ the new edition deals with chemistry only. Consider- 
able space was devoted in the original work to processes of chemical technology, 
the new edition gives no special information with regard to these matters. Tech¬ 
nical chemistry will be treated in a companion volume to be published under the 
editorship of Professor Thorpe. The great importance of the application of physical 
methods to chemical questions has made it necessary to consider these meUodsand 
the results gained by applying them. ’ Hence in our enumeratiqpf of the properties 
of each element and compound we have included those physical constants v^ch ar^ ■ 
of mo^ *importanoe to the chemist; and we also intend to describe the reading 
physical methods of iavestigation employed in chemistry, and to give a short 
account of the chief results obtained, in an article entitled P%sfc<il Method^as^ t»i, 
Ohen^hy* This article will be divided into sectiAis, each of whjph will bo wfitted 
by Opeeially qualified author. , 

After much consideration, it was deoideff to omit aetails regarding analytic^ 
^roeessesj^ In oartain oases, e.g. Arsenic methods of detection are gi'^n rather 
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taUy. Bat &e i|^w edition is not intended for the ufe of the malyst in the labora* 
tory. A sketch of the j^ciples of analytical ohenSstry, and sonif^ccount of the 
chief cJasses of analytical methods, are g^en in the article Anq]/ysk. We have 
been especially anxious to arrange the matt^in a metho£cal manned, so as to 
maSe the task'of finding the chief facts about on jt specified body^s little laborn)us 
as possible. Cross-references are freely used. 

As mere descriptions of individual bodies in strictly alphabetical order cannot 
BOlfice to give a fair notion of the present position of chemistry, we have supple¬ 
mented descriptions by short general articles on classes of elements and 
compounds, e.g. Alkali Metals, Carbon Group of Elements, Oxides, Hydroxides, 
Hydrates, and Amines. We have also devoted considerable space to articles on 
important theories, hypotheses, and principles. Some of these articlls may be found 
to overlap, e.g.. Chemical Change and Equilibrium, Chemical ; but the great im¬ 
portance of the subjects treated in such articles is, in our opinion, sufficient warrant 
for devoting much space to their consideration, and for inviting different authors to 
treat parts of the same subject from different points of view. 

One of the editors is responsible for the inorganic and general, and the othof 
for the organic, chemistry in this work. This division was absolutely necessary if 
the book was to appear in a reasonable time; and moreover the nature and arrange¬ 
ment of a Dictionary enables various writers to co-operate in its production without 
material injury to the unity of the work. 

We have been fortunate in securing the help of many contributors—English, 
American, and Foreign—whose work and position enable them to speak with 
authority on the subjects of which they treat. 

We have had the advantage of the advice and a,''sistance of Profit G. Carey 
Foster, f.b.s., and Dr. W. J. Eussell, p.r.s. To these gentlemen, and to all our 
contributors and abstractors, we return our sincere thanks. 

Each editor contributes an introduction to his special part. ^It is hoped that 
the reader will not pass over these introductions, as they give the necessary 
explanfctions of the plan onS»WCJi«the book has been written, ^he table of abbre¬ 
viations ^ed is also important. 

H. Forster Morlet. 

M. M. Pattison Mora, 

March, 1888. 



INTKODUCrnON 


TO THE PORTION OF THE BOOK DEALING WITH INORGANIC CHEMISTRY. 

• 

Eacb element is described in its alphabetical position. The account of the element is 
)llowed b,y accounts of its binary compounds and those compounds which may bo called 
oublo binary, in alphabetical order; e.g. bromides, chlorides, chloriodides, suljphoehlorides, 
but cyanides are placed together in one article. There are also short articles on 
Iromides, CuLoaiDEs, Oxides, &c. ; and an article is devoted to each class of elements, «.j. 
iLKALi METALS, Gabbon uroup OF ELEMENTS, &c. Ammonium is treated as an element 
0 for as the description of the Ammonium compounds is concerned. Each group of salts, with 
he exception of those mentioned above, is described under one heading; e.g. all carbonates 
jdtdeseribod i^der the heading Jarbonates, uU nitrates under the heading Nitrates, and 
0 on. The salts of any specilled metal are not as a rule enumerated in the article devoted to 
he metal; but in a section of this article is given a short account of the salts of the metal 
lonsidored as a class. 'When some salts belonging to one class are marked off from the 
ithers member of th^class, a short ai-ticle is devoted to a description of these salts as a 
vhole, &c.; thus there is an article on Alums, and each alum is described in the article 
lOLPHATES. 

The nomenclature adopted is generally that used in thS Journal of the Chemical 
Society, but it has not Been thought expedient to attempt great strictness in tliis fepart- 
nent. Structural formidso are seldom used for inorg.anic compounds. 

The term molecular weight is generally used only of those elements and compounds 
which have been gasified, and the specific gravities of which in the gaseous state have 
seen determined. 

e The term valency is only applied to atoms, and is used to denote the mttximnm 
number of atoms of hydrogen, fluorine, chlorine, bromine, or iodine with which one atom 
of a specified element is known to combine to form a gaseous molecule. 

The sjmbolAq is employed to denote an indefinite quanti^ of water; whe%Aq is 
added to ^ symbol of an element or compound it means an aqueous solution of thiJmody. 

The Allowing gentlemen have been so good as to prepare abstracts of the papers 
dealing with inorganic chemistry which have appeared in the various journals ^iqra the 
publication of the last supplement to the first edition of this Dictionary^essrs. Cosmo 
I. Bnrtoi^VPIlliam Burton, O. J. Hill, H. A. Lawraoce, Chas. Slatef, and Alfred E, 
Tutioi^ lam much indebted to these eentl^en, and also to Mife Ida Freund, DecMrer 
it Chemistry at Newnhom Collego,%(jan|jndgo, |fvho prepared % trainlation of Plot 
Ollweld’i article on Affinity, and 1 beg to tender them my best thanks. 


M..M. Pattisoi*. Muir. 



INTRODUCTION 


TO THE AETICLES BELATIKO TO OBGANIC CHEMISTBT. 

OsaAino chemiatr; probably includes a greater number of observed phenomena than 
any other science; it is, clearly, not possible to arrange the description of these in such a 
way that any one, ignorant of the method of arrangement, could readily obtain the infoc* 
mation he required. The reader is therefore requested to look through this introduction ” 
before referring to any of the organic articles. 

The general idea is to devote a separate article to each compound and to arrange these 
articles in strictly alphabetical order; exceptions are made in the salts of acids and of bases, 
the ethers, chlorides, amides, anilides, and anhydrides of acids, the acetyl and benzoyl deri-^ 
vatives of compounds containing hydroxyl (OH), amidogen ’ (NHj), or imidogen 
the alkyl derivatives (ethers) of compounds containing hydroxyl,''and the oxims and 
hydrazides of ketones and aldehydes; aU these are described in the- sme article as the 
parent substance. ' • % - % 

The headings of separate articles are in thick BLACK CAPIIAIS, the saltawse ja.spaeed 
type, the alkyl and alkoyi derivatives are in spaced italics; derivatives of derivatives 
are in spaced type. Subsidiary articles are in black type. In describing a compound 
the physical constants (e.g. melting-point, boiling-point, solubility, refractive index) are 
first pven, then follow the modes of formation and preparation of the body, then such pro¬ 
perties as cannot be expressed numerically, and finally a list of the chief reactions in which 
it plays a part. Inasmuch as organic substances are chi&^y characterised b*^ their melting 
or boiling points, it has been thought desirable to give these immediately after the name 
and formula of each compound, so that they may be most readily found. The melting- 
points are inclosed in square brackets, the boiling-points in round brackets. The modes 
by which salts, ethers, acid chlorides, and amides are formed from iSe parent acid are only 
givfn in particular cases o^^hetHhe method used is not general; a similar remark applies 
to the acetyl- and benzoyl-tderiv^ives of compounds containing h^oxyl or amidogen, and 
to th* oxims and hydrazides of ketones and aldehydes. Informnion on the preparation 
and properties of such derivatives will be found in general articles. 

Nomenolatnre. 

Constitutioqpl names are usually employed, except when the constitution of a body is 
donbtfi^; cross-references will be found under the trivial names. Many trivial names that 
have been almost universally adopted are nevertheless retained, e.g. aniline, aspartic acid, 
cinnamic acid, pwocatechin, bydroqninone, resorcin. 

The names of hydr|^arbona usually end in ene or one, of phenols in ol, of ^ases in ine, 
and Jf indifferent bodies in in. .. 

In naming several substituting alkyls, that with less carbon comes first, and 4hen there 
b an eq^ number of carbon atoms the unsaturated alkylgsomes before the saturated: 
e.g. ufttnlyl-ethyl-snccinic acid; phenyl-naphthyl-omine; sllyl-propyl-maloniaacid. Badicles 
containing a %l^ed ring, howe'\fi)r, precede fatty radicles, unless there is gyeat danger of 
ambiguity; in the latter case cross-references will be given- * 

Ethers, acetyl bensoyl dcrivarives%)| h^dycxylio compounds are placed uSder tjte 
parent substance. Thus anisole and^phenyl acetate are described under ‘ Phenol,* os its 
methyl ^ther and acetyl derivative respectively. Sg also methozy-benzaldehyda,j)l 
deseribe^inder‘Oxy-benzoia aldehyde’ig its me&ylderivatiTe. * ™ 



T<<ra-a2^Zafei(mmontum'|o|ii)i^ltt.ji^ibaiptt^ dbfterilednndeiJlheMiiitliy ubiii*- 
from wliich tlie;||Mre derive^. T^!i'-ph«E^M^th;l-'aimooii^m iodide is described oadw 
' di-methyl-amlioii ’ as its methyl(^odidp. • ■ ', - ^ ' • 

ariA bmzoylderivaiiti^ ofjit^na'txa described onder the amines to whioh 
they bo^ngt thus acetaimide is described'dttder * Auilidl ’ as its acetyl deri;^tive. Beriva* 
tivei of aniline, methylainine, &o,, cpnttSning other slkoyls ar# usually described as the 
anilide, methylamidf, Ac., of the acid from which they are derived; thus CjHj.SOj.NEtH 
is described as the ethylamide of ‘ Benzene sulpbonio acid.' 

Sulphonio and carboxylic acid* (whenever they are so named) are represented as 
derivatives of the hydrocarbon, not of the radicle, thus CjHj(CO,H)j is called ethane tetrad 
carboxylic acid, not acetylbue tetra-carboxylic acid; and CjHj(SO,H), is called ethane 
di-sulphonic acid, not ethylene di-sulphonic acid. 

When a compound contains several substituents they are named in the following order; 
Chloro; Bromo; lodo; Cyano-, Nitro-, Oxy-, Attiido-, Sulpha-, Carboxy-. In choosing 
the naming grou^ (i.e. the group that is not to be represented as a substituent, but in the 
termination of the name) the following is the order of preference: CO,H, SO,H, GHO, SH, OH 
and NHj. Amidogen has precedence over hydroxyl in fatty compounds, but the reverse 
is the case with aromatic compounds; thus we say oxy-propyhamine, but amido-phenol. 

Examples: chloro-bromo-phenol, not bromo-chloro-phenol; cliloro-nitro-oxy-benzoio 
acid, not nitro-chloro-oxy-benzoic acid, nor nitro-oxy-chloro-benzoio acid, nor oxy-chloro- 
nitro-benzoic acid, nor oxymitro-chlorb-benzoic acid, nor chloro-oxy-nitro-benzoio acid; 
sulpho-benzoio acid,.pot carboxy.benzene sulphonic acid; amido-phenyl mercaptan, 
not sulphydro-phenyl-amine, nor sulphydi'o-aniline. 

' • ' Prefixes indicating position. 

T|)^ds^ezs'i*),,o, d, 7 , Ac., are employed to denote the position of substituents in 
ah o{>oo chain of carbon atoms. If the substituent is attached to the terminal carbon atom 
it is preceded by m, while o, /S, y, indicate its attachment to the first, second, or third, 
atom of carbon reckoned along the chain from the terminal atom. , There are at least two 
ends to an open chain; the end to be reckoned terminal is determined by the nature of the 
compound : in monobasic acids it is the carboxyl, in alcohols the group CH,OH, and in 
general the grSup represented in (he termination of the name. Thus CHjCbCHI.CHBr.COjH 
is called 7 -chloro-a.bromo-/il.iodo.butyric acid. 

When a, S, y, Ac., are used in any other sense than that just explained, they are inclosed 
between brackets; e.g. (fil)-naphthol. 

Exo- indicates substitution in an open chain, E>o- denotes substitution in a ring; these 
prefixes are used when the exact position of the substit^nt i^unknown. The prefisps o-, 
m-, p; (ortho, meta, para) indicate isomerism of the di- derimtives of benzene (v. p. 464); 
i. and u- are employe) as contractions for symmetrical and unsymmetrical. Thsis t-di. 
phenyl-ethane is CjHj.CHj.CIIj.CjHj while «-di-phenyl-ethane is (C,Hj)jCH.CH,. 

In derivatives of quinoline (B.) signifies the benzene ring and (Py.) the pyridine ring. 
In anthracene, acridines, and nzincs (B.) signifies the benzene rings, (ri.) denotes the 
eentrol ring. 

j ' Alphabetical Order. 

In determining the alphabetical order, the fallowing prefixes are discarded: mono-, 
di-, tri; tetra-, pen ta-, hexa-, hepta-, octo-, Ac., per-, ortho-, meta-, pa^, poly-, exo-, eeo-, 
prim-, leCf, tert-, iso-, pseudo-, alio-, a-, S-, 7 -, v., n-, 0 -, mpp-, ^■, t-, «•, U-, i-, (B.), 

(Py), (A.jf and idl numbers. Of course when the entire name is numerid, e.g. hexAepane, 
hexane,/Iko., this rule does not bold. Thus di-bromo-benzene is in the same article as 
bromo-benzene; paraldehyde is associated with aldehyde, isobutyrio acid with n-butyrie 
acid, Ac. The prefixes pyro- and proto- do not belong to this class. 

The presence or absence of hyphens between parti of a name in^if way affects its 

alph%])ettcsl position; thus ' Benpylidene'^precedes ‘ Benzyl iodids.' 

nrmulss.s 

Formnhe, to save space, ace written as much as possible in one line. A por< 
~!liea of l^formulS inclosed tn bracket^ is usually supposed to represent a group 
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«I. ftioms moM uttimately oonneoted with tha groupa represented by t)» /^ceeedhig 
qrmbols, which are not in brackets, than with those foIlAwing, e.g, 08)g}0tH).0Eii.C0,H 
is sncoinio acid. When nn£bers within square brackets tcMow a formula th^ refer to the sub' 
Stituenistakeninthe orderin which they occnrin^^onmifii: thusC,H,B^(^)(CO,H)[l:2:QJ 
is used as an abbreviation for 0 ,HgBr(N 0 ,)( 00 „H^Br;N 0 ,:C 02 Bifr 1:2:^. Th^p^^tem here 
adopted differs, therefora- from that sometimes employed, according to which tBe above ' 
symbol would mean OaHjBr(NOj)(CO.jH)[COiH:Br;N<I, = 1:2:0]. Constitutional formula are 
looked upon by the majority of chemists as nothing more than a short way of indicating 
which atoms in a molecule are directly combined, and which are only indirectly combined 
with one another. The followers of Van't Hoff and Wislicenus, however, suppose that con. 
stitutional formnle con be constructed in the form of solid figures which give some notion of 
the actual relative positions of the atoms in a molecule. All agree that it is by the use of con- 
stitutional formula that the remarkable development of organic chemistry has been made, 
and that they cannot be abandoned until something better can be found to take their place. 

It is not possible to find space for discussing the reasons which have led to the 
adoption of each constitutional fonuida; where these reasons are not given, a careful 
consideration of the methods of formation and the reactions of the compound will probably 
reveal them. 

Special Articles. 

In a few articles a number of compounds are grouped together, in violation of the 
foregoing rules. The longest of these are the articles on ‘ nzo- ’ compounds. Other st^ch 
articles are on the ammonia derivatives of ‘ Benzoic aldehyde,’ on ‘ Benzil,' on the organic 
derivatives of ‘ Antimony,' ‘ Arsenic,’ and ‘ Bismuth,’ on ‘ Camphor ’ and on ‘ Cellulose.' 
The following general articles, amongst others, will also be found in this volume: ‘ Acids,’ 

‘ Alcohols,’ ‘ Aldehydes,’ ‘ Alkaloids,’ action of ‘ Aluminium chloride,’ ‘ Amides,’ ‘ Amido- 
Acids,’ ‘ Amines,’ ‘ Analysis,’ ‘ Anhydrides,’ ‘ Aromatic Series ’ (see also ‘ Benzene ’), ‘ Azo- 
oedouring matters,’ ‘Biazo- compounds,’ and ‘Bromo- compounds.’ 

Contracted Expressions. 

Since the date to which Watts had brt light the record of chemical discovery, the 
number.of organic compounds known has doubled, ncvortholess the space allotted to them 
iti the present dictionary is little more than a quarter of tl^at devoted to organic chemistry 
in the original dictionary and its supplements. It is evident that there must be extreme 
compression, and this compels the free use of abbreviated expressions; it is hoped, however, 
that a reader who has once made himself acquainted with the nature of these abbreviations 
will find that they are very convenient. In the first place, the synSols of a few common 
reagdhts are used in the tqj^t wit^ purely qualitative meaning, although when cotmected 
in an equation they are uset in the ordinary sense. The great sa^ig of space (about 200 
pages) kas compelled the use of this convention, which would he reprehensible imder any 
other circumstances. The use of the contractions ‘ v. si. sol.;’ ‘ si. sol.,’ ‘ m. sol.,’ ‘ v. sol.,’ 
‘v. e. sol.,’ and ‘sol.,’ for ‘very slightly soluble in,’ ‘slightly soluble in,’ ‘moderately 
soluble in,’ ‘ very soluble in,’ ‘ very easily soluble in,’ and ‘ soluble in,’ enables solubilities 
to be given in th% case of many hundred compounds where space would otherwise have 
compeUeC their omission. Of course those terms ore vague; where numerical data bawe 
boon determmed, they are visually given in the dictionary, preceded by the letter S. Par- 
iioulu attention sh^Id be paid to the exact meaning of these numbers; they denote the 
nwber of grammes of a jiquid or solid dissolved by a hundred grammee of the ^Ivent, but 
thd mluber of volumes of a gas dissolved by one volume of the solvent. Solu^^, used u 
an adjective) the menstruum not being named, means soluble in water. 

Constants. 

Numerical bo^stants are not |;iven in the form a 4’ it + ct’, Ac., since sudh expressions 
not only take up a greak deal of room, but are u^ally worthless, because slight er|prs of 
experiment prediAe an enormous effectfUpon tin miistants i, o, &o.; in suofa eases one 
two aotnal observations, of a kind likely to be useful in identifying the snbstonoe, have 
nsually bten pelected. 





It i» tU^rtnUAifl that there is a want of imiformity among antho^s in 'the method of 
feoording phy^»l constants, ^pecifto graviUei ate given W most authors without any 
tneniaon of thelemperatnie of tie water that is taken as ston&rd. Some take water at 0°. 
some at 4°, ^d others compare the sultyt^oe with water at the same tempwatu^^ as itself. 
Takin^tlgi specinc graaity of water at 4° as unity, th#t at 21° will be '098; that is to say, 
for a Substance whose specific gravity is about 1 we may make an error oi '002 by assuming 
tnat the author usM water at 4° a8*a standard, whereas he really used water at 21°. Under 
such circumstances it would be preposterous to give four places of decimals, and such 
indefinite specific gravities have been cut down to three decimal places, and even then the 
last figure is somewhat doubtful. 

Heats of /ormationmtB usually calculated on the assumption that the heat of formation 
of 44 g. of carbonic acid is 96,900, and that of 18 grms. of water is 08,800; Stohmaim, 
Eodatz, and Herzberg, however, use 94,000 and 69,000 respectively, hence their heats of 
formation are not directly comparable with those of other observers. 


Molecular refraction is the value of the expression M 



where M is the mole 


eular weight, ji the index of refraction, and d the specific gravity of the liquid at 20 
compared with water at 4° (Landolt, P. 123, 595 ; Brlihl, A. 200,139). Other constants, 

such as have also been used; these are of course not comparable with those first 

\(i' + 2/ tt 

^mentioned (c/. Brilhl, A. 235,1). 

The specific rotation is given by most observers for a tube of liquid 100 mm. long, but 
many French chemists use a 200 mm. tube as a standard, and some even 60 mm. Whan 
the length of tube is stated it is easy to apply the correction, but when, as is often the case, 
an author does not give the length of tube, his numbers are indefinite. 

The rotation measured for the neutral tint is of course not the same as that measured 
for the sodium line, yet authors occasionally fail to mention the kind of light employed. 
The angular rotation ought to be divided by the specific gravity of the liquid during the 
experiment, in order that the effect of equal weights of material may be compared; yet it is 
to be feared that many authors neglect to perform this division, and also to mention that 
*they have not done it. . 

Authors frequently fail t(f state whether their melting and boiling-points have been 
corrected for the exposure of port of the stem of the thermometer. This may make a 
difi'erence of 6°. The immersion of the whole of the mercury in the liquid or vapour is 
indicated by i.V. 

Beferouces. 


Where the same paper is referred to several tune#Kn the course of one article* the full 
reference is given oace, and in other places there will bo 8)und the first letter or the first 
two letters of the author’s name, iuclowd within brackets; thus, if (Perkin, Of /. 45, 890) 
and (P.) are found in the same article, the (P.) is a contraction for (Perkin, 0. J. 46, 890). 


Short Article Bxpanded. 

In order to make sure that the contractions employed are thofcughly ^derstood, a 
ihort specimen article will be expanded by simply exchanging the contractans for their 
iquivalents:— 

Bromo.di.oxy.bSMoio acid C.n,Br(OH),CO.,H [®:2;6:1]. [184°, anh^brous). From c-ai.oiy. 

censoifaoid in ether and Br (Zelientcr, M. 2, 480). Prisms lc*ntammg aq); v.^. ^hol, 
(.tl.^water) Fe,Cl, gives a violet colour to its aqueous solution.—AgA aq.— B«A,74aq.— 
EA'lfaq. 

May be expanded tlais:— 

Bremcdi-oxy-benseic acid CABr(OH),CO.JI[Br;OH;OH:CO,H»®:2:6:l] melts at t84° after is 
has bMn Jbprived of its water of crystallisation. It is fofbed, aocordiug to^fcenter (3fonafaAe/t«| 
voL 2, ^ 480), by adding bromine to an ethereal solution of consecuHm di-oxy-bensoic acid. It crys- 
tmtes in prisms, and the crystals CQii*in|)*o molecule of water of dWstallisation to each molecule 
of the aciA These crystals are verj^solublo in alclhol, but very slightly sdluMe m wi^. 
obtoride colours its aqueous solution violet. It forms the following salts OABKOHXCO,Ag,H,05 
{C,H,Br(0H),C0jiB8,7iH,0* and C,H.Br(0H),C0,K,liH,0. 





IiraK)l>«FOTHH«. 

KomeaeUtun ifXiagi. 


Beddw the hydiocKrhqi^ tinge, represented by beni^ne, na^^halenM, phenanthreue, 
.enthraoehe, indonaphthene yi-«iethyfene / \’ , tetra-n^thylene 

I I ( penta-methylene 4«., there are a gragt many rings Am* 

OH,—OH, 

taining other elements. Some of these ore collected here for convenience of reference. It 
will be noticed that glyoxaline and metapyrazole differ only in regard to the position of one 
atom of hydrogen. The exact structure of rings containing live or six atoms is not known; 
some alternative fbrmulte will be found on p. 446. 

Nitrogen ring compounds. 


CH=CHv 
I >NH Pyrrole or Pyrrol. 


iCH Pyraeole, 


HN- 

il-CH/'" 

H.C-N^ 

^CH Metapyrazole. 
CH—NHv 


I >NH Pyrrolidine. 

‘ Pyrroline’ has been used by some authote 
for Pyrrole-dihydride. ‘Pyrroline’ in the ab¬ 
stracts in the Journal of tlse Chemical Society 
means Pyrrole. 


\CH Olyoxaline. 

CR — W' 

K:CHv HN.CH^ 

jNH or I Triazole. 

N:CH/ 

_ The di-oxy-derivative of the second form of 
Iriazol has been named ‘ Urazole ’ by Pinner. 
N- N. 

I >NH TetrazoU. 

N=CH/ 


K:CHv 

U> 


CH-CH-CH 
I I II Pyridine. 
CH—N — CH 

CH-N-CH 

CH—N-fc ®* 

CH—N — CH 




CH-CH 


Pyrimidine 


XH. 

and CA<S^N (pseudo) 


Indazine. 


C.H,<;°^CH indole. 




I,H, Phenazitu. 


c,a<(^^,A lJa^hihazin$n 

• # • 

Phenazoxine 


CH,-OH,-CH, 

I I 

CH,-NH-CH, 


Piperidine. 


CH,—NH-CH, 
1 1 
CH,—NH-CH, 

: • 

Piperazine. 

XH.CH 
c.h/i II 
^N.CH 

QuinoKne. 

XH-CH 

CA<I 11 

\CH-N 

Isoquinoline, 

js-cn 
cja/| 1 
\n-ch 

QuinoxaUne. 

XH—N 

QuinazoUne. 

XH-CH 
CgH/f II 
^N —N 

CthnoUne. 



ISTROSUCVION. 


Qpugm rvtt empoundt, 
jO Furfui 


in^. 


, •Coumorone. 

chVo>ca<^ch Bmeodifur/urane. 


Si^hur ring ctmpomdu 
OH-CHv 

' r/itopftwM. 


CH*=»Cfl' 

CH=CH. 

i.oV' 


^S 


CEi=CB 




Thiophthen*. 




'fhe nomben mdicatmg position in compounds of naphthalene are as follow*;- • 

‘ r 1 




4' 4 

The positions 1,4, 1', 4' are termed (a), while 2, 3, 2', 3' are called (3). Quinoline ii 
numbered thus:— 

1 1 

CH CH 

2 HO^ \h 2 


8 H( 


4 4 


I 

CH 8 


Thu* (jJ. 4)-bromo-(Pj/- 8)-oiy-qumoline would be 


Pyridine is numbered thus: 


CH CH 

/ \ / \ 

HC C CH 

I I I 

HO 0 C.OH 

\b/\/ 

1 

CH 

/\ 

6 HC CH 2 

I I 

S HC CH a 

\ / 

N 


One of the assumptions made by the recent doctrine of tautomerism is that a lactam 
CO.HH can readily change into a lactim C(OH):N, and that the grou^ CO.CH, can change 
• into C(OH):GH. It is obviously expedient to describe two compounds which a|e mutually 
interchangeable, if not identical, in the same article, hence rings containing CO.NH or 
CO.CH, are named as if they were hydroxylio compounds of the form C(OH):N and 
C(OH):pH. 

lactones and Anhydrides. 

lactones and anhydrides are usually described under the substance from which they 
may be derived by the abstraction of water; thus, butyro-lactone will be described under 
ozy-butyrio acid. ^ 

frefizes discarded.' 


The prefixes homo-, hydro-, and| are not used. Tb# nyoro- cuuij>uunds of aa> 
tatnrated bodies are, if saturated,tiamed in tbf usual way; thus b^*-*innamio acid i* 
phenyl-propionio acid. The hydro- derivatives of ring compounds are described as hydrides 
of the simpler evnponnds ftom which they are derived: e.g. di-hydro phttalie acid a* 



jdif' nrriiopiJOiSEOK, 

pMkaiio aeid dihj/iride. Componnda beginning with bomo- mtut be I8<ttutt0d: thu 
itomo-saUeylio aoid is oxy-^lnio aoid. 

Kyphens. 

Hymens are placed between eaob signiflciht part of a nam^ abs&ce %t hyphen 
asoally indicates close connection between two groups of atoms; e.g. phenyleniyl»i’~"' '* 
CI,H,.0,H4.NH.C0 .NHj wftile phenyl-othyl-nrea is 0,H,NH.C0.NH0,|f,. 


Ambignons tuuses. 

A number of names have been used in several senses by different authors; it may 
therefore be well to mention the names chosen in some of these^ases. The terms cyanide 
and isooyanide are altogether discarded, carhamine and nitrile being used instead. Cyanaie 
is used for ordinary potassium oyanate and the ethers that may be derived therefrom; the 
corresponding sulphur compounds are described as mlphoeyanides and thio-carbimidee 
(mustard oils). Cinnamyl is CjH^.CniCH.CH,, the aoid radicle CjH 5 .CH:CH.CO being 
«innamoyl and CeHj.CHiCH is termed styryl. 

Tolyl is used only for CHj.CjHj. and not for benzyl OjHj.CEt,. nor for 0H,.O,H4.CH,. 

Cretyl is not used as a name. Xylyl is only used for (CH,),0,H,., not for 
CHi.OjHt.CHs. nor for (0Hj),C6H3.CHa. Durene is used as synonymous with tetra- 
me&yl-benzene. 

Discarded names. 


As it commonly happens that several names have been given to the same compound, 
it may be well to give a list of the names that have been chosen in a few cases. 


Carbsmio ether 
Urea 

Thio-oarbimide 

Tolylone 

Methyl-pyridine 

Di-methyl-pyridino 

Tri-methyl-pyridine 

Methyl-thiophene 

Di-metbyl-thiopheno 

Oxy-pyridine 

Methyl-quinoline 

Diquinoline 

— hydrazide 

(B. 1). 


is used instead of Urethane 
Carbamide 
Mustard oil 
Toluylene 
Picoline 
Lutidine 
Collidine 
Thiotolene 
Thioxene 
yridone 
uinaldine 
biquinolyl 
— izine 
ana- 
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in that article by his initial only. 
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P. Am. A. 
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ITA. . . I Thomsen’s Thermoohemische Hntersuchungen. 


n. Tzbub zhs Quantities, Ao., tbequintlt uses. 

W^r; $.g. NaOHAq means an aqueous solution of caustic soda. 

18 partqjby weight of water. 

Besidues of mono-, di-, and tri-basic acids. Thus, in describing th« salts 
of a monobasio acid NaA', CaA'„ AlA', may be written, HA' etlR^ng 
for the acid. For a dibasic acid we should write Na^", CaA", A1,A', Ac. 
Stand for bases of the ammonia type, in describing their salts. Thus the 
hydrochloride would be B'HCl at B''2HC1, according M the base is 
monacid or diacid, Ao. 

Concentrated. 

Dilute.* 

irrm. 

milligram. 

millimetre. 

molecole 




OU. . . 
pp» • • 
toi>pi. . 
ppg. . . 
ppa.. * 

inioi.r . 
V. e. aol. 

T. sol. 
m. soL 
si. sol. 

V. si. sol 
V. . . 

e/.. ■ 


At. w. . 
Mol.w.or 
if , w. 
D.. . 
cot. . 
uncor. 
I.V. . 
V.D. . 
S.G. . 
S.O.\f 
S.G. ? 
8.G.U 

S.H. . 

s.h;v. 
S.H.p. 
H.C. . 


H.O.T. 

H.O.p. > 
H.F. 


H.F.T. . 

H.F.p. . 

H.V. . . 


T.O. . 
S.V. . 


3.Y.S. . 

B.O. . . 
3.E. (10° 
to 20°) 

i..J . 

I. (alco¬ 
hol) 

• • 

•Dt mO* • 

tc\». f 


"0 

w. 


AfflHHVTATroNa ^ 

Ugald, nesrljr, or (oite, iosolohls In vatSA 
creoipUate. 

• preoipitate. 
precipitating, 
pr^ipitated. 
soluble i(^ 
insoluble in. 
very easily 
verf 

moderately (soluble in. 
slightly 
very slightly 
see. 

compare. . 
about. 

a melting-point, 
a boiling-point. 

Hardness ^of minerals). 

Atomic weight. 

Molecular weight. 

Density, 
corrected, 
uncorrected, 
in vapour. 

vapour-density, t-e. density ot a gas compared with hydrogen or air. 

Specific gravity compared with water. 

„ „ at 10" compared with water at 0°. 

». It ,1 10° II 11 II II 4°. 

I, ,1 I, 12’ i compared with water ol which the temperature is 

not given. 

Specific heat. 

„ „ of a gas at constant volume. 

,, II „ ,1 pressure. 

Quantity ot heat, in gram-units, produced during (be complete com¬ 
bustion of the mass ot a solid or liquid body represented by its 
formula, taken in grama. 

Heat of combustion in gram-units ot a gram-molecule ot an element or 
compound, when gaseous, under constant volume. 

The same, under constant press&re. 

Quantity of heat, in gram-units, produced during the formation ol (he 
mass of a solid or liquid body represented by its formula, taken in 
grams, from the masses ol its constituent elements expressed by 
their formulis, taken in grams. 

Heataol formation of a gram-molecule of a gaseous compound from the 
gram-molecules of its elements under constant volume. 

The same, under constant pressure. 

Heat of vaporisation of a liquid, i.e. gram-units of heat required to change 
a gram-molecule of the liquid compound at B.P, into gas at sawe 
temperature and pressure. 

Thermal conductivity (unit to be stated). 

Specific volume; or the molecular weight of a gaseous compound divided 
by the S.G. of the liquid compound at its boiling-point compared with 
water at 4°. 

Specific volume of a solid; or the mass of the solid expressed byaia 
formula, taken in grams, divided by its S.G. 

Electrical conductivity (the unit is stated in each case). 

Coefficient of expansion (between 10° and 20°). 

r of a gas - volume dissolved by 4 volume of water, t 
Solubility in water j of a liquid or solid ^ number ot grms. dissolved by 
„ „ alcohol ^ 100 grms. ot water. In both oases the tomperatui* 

(.is stated. 

Index of refraction for hydrogen line 8. 

,1 „ „ sodium „ n, dto. 

Molecular refraotiqn for sodium light, t.e. index of refractiSa tor line » 
minus one, multiplied by molecular weight, and dl^ded by S.Q. at IS** 
compared with watefatD'*. . . 

The same j S.O. being determined at*16°-20° and referred to water at 4°. 
The same for line of infinite wave-length, index king deteiminal by 
.paueby’s foiptnla (Brilhl’s BJ. 



Ml 


H.H 


ke 

Bz 

Oy 

Et 

Me 

Ph 

Pt 

Pr 

B,B' 

prim 

sec 

tert 

n . 

m, 0 , 

e , 

i . 

s , 

« . 

'I' . 


*e. 


SpeelSe totfttioii'tiw inditaiit ' 


P- 


nentfal tint. M- — 


100 soim. ot liqaid. d ■> S.O. of Uqu; 
aabstanoe In 100 grammes liquid. 

Moleoular magnrtio rotatory power :» 


j. a oobeer^d rotation (m 
p-no. of grammes of aotlTi 


X m •• dAI^Im 

wei^t of the body of S.O.-<f, a>angle of rotatioi^ onder magnetie. 
influenoe, o' > angle of rotation of water under same infloenoe, and 
m'. molecular weight of water (18). 

Acetyl CaH,0. 

Benzoyl C,H,0. 

Cyanogen ON. 

Ethyl G.^,. 

MeUiyl CH,. - 

Phenyl C3>- in formolc. 

Normal Propyl CHj. CHj. CH,. 

Isopropyl CH(CHj),. 

Alcohm radicles or alkyls, 
primary, 
secondary, 
tertiary, 
normal. 

meta— ortho—para, 
consecutive, 
irregular, 
eymmetrical. 
unsyminctrical. 
pseudo. 

attached to nitrogen. 

Employed to denote that the substituent is attached to a carbon atom 
whicli is next, next but one, or next but two, respectively, to the 
terminal carbon atom. The end to be reckoned from is determined 
by the nature of the compound. Thus CHj.CHBr.CO^H is o-bromo- 
propionic acid. 

denotes that the element or radicle which follows it is attached to a ter¬ 
minal carbon atom. 

indicate position in an open chain, only, 
indicate position in a ring only. 

Used when a, 3, <kc. are employed in a cense different from Idle above, 
e.g. (a)-di-bromo-camphor. 

Baeyer’s Nomenclature: 
benzene ring, 
pyridine ring. 

Thus (B. 1:3) dichloroqninoline, means ameta-dichloroquinoUnein 
which the chlorine atoms are both in the benzene ring. 

While (By.; 1:3) dichloroqninoline, means a similar body, only the 
chlorinf atoms are in the pyridine ring. The numbers are counted 
from two carbon atoms which are in different rings, but both united 
to the same carbon atom. 

denotes the central ring in the molecule of anthracene, acridines, and 
azines. 

means that the element or radicle it precedes is in a closed ring. 

„ „ „ „ „ not in a benzene ring, 

dftmtes isomerism that is not indicated by ordinary formula; thus mmde 
acid may be called af/o-fumaric acid, 
denotes displacement of oxygen by sulphur. 

the group SO,H, except in the word sulphocyanide. 

,, ^e group SU. 

Tribromlnitrobenzene sulphonie acid [1;2:S:4:6J means that tbAthraa 
bromines occupy positions 1, 2, and 8; the nitro- group the posiwn 4, 

' and the sulpho- group the position S. 

* ■*l>enotea that the formula to which it is affixed has ^ot been determined by 
analysis, fat it by no means follows that formula) without tbit mark ariose w 
analysed compounds ' a . 

Ail tmnperaturdl are given in degrees.Oentigrade unless when specially stateft 
otherwise. - " * 

’ Wave^n^hs are given in 10 ’mm. ■ . ■ ; 

Asrmube, when used instead of names of substances, hare a.aaalitatiTf;me|hiiW 
wily. , 

^omten’s notation is used in thermosbemical data. 


o,/9,7,*o. 
1,2,3, d:c. 
W. (fS). 
d;c. 

(B.) 


W . . 

etc- . . 
ezo- . . 
aOf- . . 

thio- . . 
sulpho- . 
salphydro. 




BICTIPNAKT OF CHEMI8TIIY 


ABIES.—The needles of A.pectinata contain 
a engar called Abktite, C,H,Oj, very much like 
raannito, but differing therefrom in composition 
and in solubility. The same plant contains a 
tannin identical with the soluble tannin of the 
horse-chestnut, and convertible by hy- 

droohlorio acid into an anhydride in¬ 

soluble in cold water, but soluble in boiling 
potash-lye, slightly in water and alcohol (Iloch- 
loder, J. pr. lO.'i, 63, 123).—The fruits of Abies 
Regina Amalia, indigenous in Arcadia, yield, 
by distillation with water, about 18 p.o. of a 
colourless volatile oil C,,!!,,, smelling like lemons, 
S.G. ‘868 (156-169°); slightly tovorotatory. lle- 
sinifles quickly in the air, exerting an ozonising 
influence stronger than that of turpentine-oil. 
Dissolves iodine, and absorbs hydrogen chloride, 
forming a liquid compound C.JIie.HCl (Buchner 
a. Thiel, /. pr. 92,109). H. W. 

ABEETENE C,H, 5 .—The heptane of Pinua 
tabiniana (v. Heptanes). 

ABIETIC ACID C„H „05 [139°] or [165°].— 
Caillot, J. Ph. 10, 436; Maly, A. 129, 94 ; 15m- 
merling, B. 12, 1441; Kelbe, B. 13, 888.—Oc- 
euwence. The clear liquid turijcntine of various 
species of pine‘%ontains abietio a^^hydricio 
0„19,.;0„ which, on exposure to the air, absorbs 
moisture and is converted into abietio acid, the 
liquid then coagulating to an opaque granular 
pulp. The anhydride is the chief constituent 
of common resin or colcyhony. 

Preparation.—1. Coarsely pounded colophony 
is digested for two days with weak spirit; tbo 
liquid is decanted from the white crystalline pulp, 
and squeezed in a press; the prcss-cako dis¬ 
solved in hot strong alcohol, and the eolation 
left to itself at ordinary temperatures; a white 
crystalline crust is thus obtained; tbo mother- 
liquor, when cooled by ice, usually solidities to 
a loose mass of white laminie, which constitutes 
the greater part of the product. The crystalline 
crust consists of sylvic acid the laminie 

of abietio acid (M.).—2. Colophony is digested 
for two days with spirit of 70 p.o., and the undis- 
solved portion, after washing with weak spirit, 
b dissolved |p the smallest possible quantity of 
glacial ace^c acid. From this solution the acid 
separates in crusts, and on adding a little water 
to. its solution in hot alcohol and stirring, it 
:is obtained in crystalline scales (E.|.—3. Soda- 
lye which baa been used for purifying crude 
nsin-oil isoniiRd with common salt, and the 
soap which separates is dried at 70°^80°, and 
ourmdB by exhaustion with ether. The rodldue 
SmoIvcb m alcohol, smd the solution, on evapo- 
ntion, deposits needle-shap^ crystals of sodium 
fVetatc; the aqueous dilution of ^ich yields, 

Yoii. L 


on addition of hydrochlorlo acid, a white pp. of 
abietic acid, which melts to a resinous mass it 
the mixture is boiled (K.). 

Prqpcifics.—Separates from hot alcoholic 
solution in irregular transparent pointed tri- 
clinic crystals melting at 165° (M., K.); 139° 
(E.); 133° (Fliickiger). Sol. alcohol, ether, oen- 
zene, glacial HOAc, CHCl, and CS,. 

Reactions. —1. Abietio acid distilled with sine 
chloride yields a heavy oil (70°-230°) containing 
heptylene (E.).—2. Strong hydrochloric and hy- 
driodic acids at 143° abstract the elements of 
water from it, leaving the anhydride (E.) ; but 
when treated in alcoholic solution with gaseous 
HCl, it yields sylvic and sylvinolio acids: 

C„H„0,. n.,0 = C^gHgA-f C„H„0. (?) 
Sylvic acid is also formed when a hot alcoholic 
solution of abietio acid is mixed with sulphuric 
acid (M.).—3. Triturated with I'Clj it yields on 
distillation a volatile oil C„Hgg, called by Maly 
abietonc, together with HCl and FOCI,.—4. By 
oxidation with KMnO„ abietic acid yields car¬ 
bonic, acetic and formic acids.—6. Boiled with 
chromic mixture, it yields large quantities of 
acetic and formic acids, and, after removal of 
those by distillation, ether extracts from the 
liquid a small quantity of trimellitio acid 
C,Hj(C 02H), (E.).—6. Tbo anhydride(colophony), 
oxidised with nitric acid, yields isophthalio acid, 
together with trimellitic acid (Schreder, B. 6, 
413).—7. Abietio acid fused with potash yields 
propionic, but no protocateohuio, acid (M.).—8. 
Sodium-an^lgam added to a warm aicobolic 
solution of abietiaacid converts it into hydra- 
bietio acid 0„ng,0j> u dibasic aci^ which 
forms white unctuous lamina) melting at 160° 
(M.).—9. Abietic acid with acetic chloride oran- 
hydride at 160° yields on oily acetyl-compound 
(E.).—10. Bromine added to a solution of abietic 
acid in CS- forms a bromo-derivative, probably 
C„HBjBr..O’, which separate# from alc^ol as a 
red powder melting at 134° (E.).—11. Bistilled 
with sine dust it yields toluene, m-ethyltoluene, 
naphthalene, methyl-naphthalene, and methyl- 
anthracene (Ciamician, G.#, 305, B, 11, 269). 

Saifs.—Abietio acid is dibasic, mostly^rm- 
ing normal, rarely acid, salts. The alkaline salts 
are difficultly crystallisable. The normal abie- 
tates of the other metals C„BiiM"Os are sparingly 
soluble in water, and are obtained b]#piccipita- 
tion. Na,A", needles (from ^cohol).—MgA", 
flocculent, v. sol. alcohol.—}#gfi^".—CaA".— 
BaA".—ZnA", el. sol. a#ohol.—CuA", v. sol. CS, 
for ether; pale green. 

Ethyl AbUlate Et^A", Atained by decom¬ 
posing silver abietate with ethyl iodUe diluted 
with ether, forms a yellowish mass, having an 
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-•Uterio odoatt insoluble in water, sligbtlr so- 
’inbte .id atbohoi, easily in ether and CS,. 

jiHeHn 0.^,0, i.e.#„H„(CHMe:CH),0, 
4s deposited from a mixture of glycerin and a 
. ■eonoeptraled alcoholic solution of abietic acid, 
4tfter exposure to a low temperature for several 
•days, in small white oiy^als melting at 125°, 
soluble in ether and alcohol (bf.). H. W. 

ABIEnC AHHYDEIDE C„H ,,04 is not 
formed by direct deliydration of the acid, but 
exists, as already observed, in the clear fresh 
turpentine of certain conifers, and forms the 
essential part of colophony. H. W. 

ABIETIN. r.snpro. 

ABIETITE CjH,Os.— Ahietol. The sugar of 
AhUa pectinala. 

A^OTINE Cj,IIj.;N„0.—An alkaloid from 
ArUmUia abrotanum (P. Giacosa, J. 1883,135(5). 
White crystalline powder or white needles. SI. 
sol. hot water. Its solutions tluoresce blue. 
Salts; B"H,rtCI„.—B.,."H..SO,().'iq. Keedlcs. 

ABSINTHIN or Absynthiin C„n ^0, [12l)°- 
l25°J.-(Mein, A. 8, 61; Luck, A. 78, 87; Kro- 
mayer, dr, Ph. [2] 108, 120).—The bitter prin¬ 
ciple of wormwood {Artemisia absynlhium). 
Prepared by exhausting the dry herb with cold 
water; absorbing the bitter principle from the 
concentrated extract with boneblack; extracting 
with alcohol; purifying by treatment with basic 
leail acetate, precipitating the lead with HjS, 
end evaporating the hltrate. 

Bro;‘cr(iCs.—Yellow powder, composed of 
minute crystals. V. si. sol. cold water, si. sol. 
lot water, v. sol. alcohol or ether. Very bitter. 
Neutral to litmus. Smells like wormwood. 

Iteactims. —1. Cone. H.SO, forms a brown 
aolntioii, turning greenish-blue. A little water 
turns the colour to a splendid blue, destroyed by 
more water.—2. Boiling dilute acquires 

a yellowish-green fluorescence, and deposits a 
brown resin.— 3. Does not reduce Febling’s solu¬ 
tion.—4. Gives a mirror with warm ammoniacal 
AgNq,.-5. -An alcoholic solution gives a sticky 
M. with tannin.- 0. Gives no pps. with metallic 
rtts. H. W. 

; ABSIKTH0t.-C„H,.O (195°) or (201°).- 
teeiJbtein a. Kupffer, B. 6, 1183, f.h 170, 290j 
Wright, C. J, 27, 1 and 31!f).- Isomeric with 
commoa camphor. Forra.s the essential principle 
of wormwood-oil, in which it is associated with 


Acajou or Oashew-nst tree, Anaeardium-oceu 
dentaU, growing k the Welt Indies and Soutll 
Anierioa,OTntnins a large quantity of a red-brown 
resinousyeslcating substance, which may be ex- 
itracted by ether, the solifUon Aheneevaporatod 
’^leaving a network (•small orystaB of maoardio 
acid soaked m an oily liquid called ctSArdol, to 
which the resin owes ito acrid proportieB*(St!i- 
deler, A. 03, 137). A oatoohin [166°] 

may be got from acajou-wood (Gautier, Bl. 30, 
608). H. W. 

ACABOIO BESIK.—Besin of Xanthorrhea 
luistilis, a liliaceous tree of Australia: also called 
resin of Botany Bay. Yellow, fragrant, soluble 
in alcohol, ether and canstic potash. The potash- 
solution treated with HCl deposits benzoic and 
cinnamic acids. Nitric acid readily oxidises if 
to picric acid. Yields on distillation phenol and 
small quantities of benzene and styrene (Sten- 
i house, A. 57, 84). By potash-fusion it gives 
I p-oxy-benzoio acid, resorcin, and pyrocatochin 
' (Illasiwelz a. Barth, A. 139, 78). H. W. 

ACECHLOBIDE OF PLATIKTIM «. Aoetoio!. 

ACECONITIC ACID 0,11,0,.—The ethyl ether 
is formed, together with the (probably isomeric) 
citracetio ether, by the action of sodium on 
ethyl bromo-aectato: 

3i;:tC,H-BrO, + 3Na = Et,C,H,0„ + 3NaBr -t- H, 

, (Baeyer, A. 136, 306). The product is distilled 
j ill racuo, and the ethers saponified by baryta. 

' Baric acoconitato crystallises, leaving the 
gummy baric citracetate in solution. 

I J Vojirrfifs.—Nodular groups of needles. V. 

' sol. ether. Gives no crystalline sublimate. 

I Sa/fs.—Barium salt forms small, sparingly 
; soluble crystals. A solution of the calcium salt 
i becomes turbid when heated.—Ag,A"'aq. Blhyl 
' ether.—El,A‘". Lighter than water. H. 

ACEDIAMINE C,dI,N, t.«* NH,.CMe : NH 
V, AcF.T-AvftniNK. 

ACENAPHTHEHE i.e. C„H.; C,H„ 

CH CH 


m terpene (b.p. below 160°) and a deep-blue oil 
(W0°-300 ) identical with the blue chamomile 
oil examined by Kachler (B. 4, 36). Absinthol 
boils at 195= (B. and K.j, at 200°-205° (W.), 
217° ^GjjjJstone). ?)illers essentially from cam¬ 
phor in chemical reactions, not being converted 
into camphoric acid by oxidation with nitric 
«cid, nor into eamphitcarboxylic aoid, C, |H„0, = 
®„H„(OH).CO,H, b^sodmm andCO.„and yield¬ 
ing Wtth melting potash a large quantity of resin 
■but no acid. Heated with PjS, it yields cymene 
and oymyl hjdrosulphide C|,H|,SH, boil¬ 
ing at 230°-240° (W.). Cymene is also formed, 
though mtmailcr quantity, by treating absinthol 
with zinc chloriri«a(W.). H. W. 

ABSOBFTIOK DF OUES BY LIQUIDS AHD 
KOLIOS V. Gasks. * , 

ABSOBFTlOlUFEOTBA v. PuvstcA^ Me-' 
VBOM: sect. OrtfoAi,. 

AQACIN or Acacia gum v. Ahabid. 
AflAIOU.—The pericarp of the nuts of the 


CH, —CH, 

M.w. 1.54. r95°] (Bohr a. Dorp, A, 172,265), [103°] 
(Scbifl),(278°i.V.). V.D. 5’35 (for 6-33). S.V.S. 
149-16 (Sohill, A. 223, 263). ^ 

Occurrence.—In coal-tar oil (Berthelot, 'Bl. 
[2] 8, 226). 

Fonnation.—!. By passing a mixturs of 
ethylene and benzene or naphthalene through 
a red-hot tube (Berthelot).—2. Wy passing 
(o)-ethyl-naphthalene through a red-liot tube.— 
3. By treating (a)-ethyl-naphthalene ivith Br at 
183 = and decompesing the prodnet, 0,,H,.0,H,Br, 
with alcoholio EOH at 100° (Berthelot a. Bardy, 
C. B. 74,1463). * 

Pr^ration .—Heavy coal-kroU1(260°-290°) 
is carefully fractione^ and the fraotioik260°- 
270''cooled strongly till it solidifies. Be^sta^ 
Used from alcohol (Terrisse, A. 227,184). 

Properties.—Long needles (from aloono]).^T> 
sol. hot alcdbol, v- aoh cold aloohoL 



Aomt. 


A Ailxturo of aloohoHo sola- 
tbwii of aeenaph^ene and picric acid de- 
TCsiis orange-yellow needlea of the j)tera<e, 

£i„h„.oa(noj,oh rieaoj—a. co#. e,so, , 

tbnsa a lulphoiftte wioae aalta are very soluble. J 
A little EmO^urns the eoliHSon in HjSO, green. 
B. Cold HNO, forma di-nitro-acenaphthene. 
yeUow needles (from hinzoline); insol. in alco- 
Iwd.—4. CrO, and HjS 04 g''^® nsphthalio acid, 
(B.a.l).).—6. Bromine added to an 
sthereal solutionfoyms bromo-acenaphthene, 
3j,HjBrOjH, [53']j tables (from alcohol); oxi- 
lises to bromo-naphthalio acid (Bluraenthal, 
B. 7, 1095).—C. A further quantity of bromine 
idded to a solution in CSj forms OuH^Br,; 
vhite needles (from alcohol).—7. Iodine at 100’ 
iolymerises it.—8. Cone. Ill at 100° forms a 
lydrocarbon (? O.jH.J (o. 270°).—9. Cone. Ill 
(20 pts.) at 280° produces naphthalene di-hydride 
and ethane.—11. Potassium gives off hydrogen, 
forming C|jH,K (Herthelot). 

ACEKAPHTHYLENE C.-H. i.e. C„H.;C,H.,; 
probably 


Schift, 1. m 104 ), ,t 22mm.. {50 « 
at 121 mm., (102-22) at 760 mm. (Kahlbaum 
ao. ^ -8314 (Brflh^ -8319. if -8233 (Perkin; 

-7364 (So.). V.D, 4-141. Critical temperatw, 
264-4° (Pawlewsld, B. 16, 2633). S. 4-#^t 25 
®a(f 62-52 (B. 

M.M. 6-968 at 16-1° (P.). ' 

Occurrence.—In crude spirit, after filterin 
through charcoal (Gcuther, A. 126,63). 

Formation, —1. By the imperfect ozidatio 
of alcohol (Doebereiner; Liebig, A. 6, 25- !■ 
150; Stas, A. Ok. [3] 19, 140; Wurtz, A. Ci 
[3] 48, 370; A. 108, 84). Hence its occurrenc 
in raw spirit and in old wines.—2. By action c 
chlorine on alcohol: 



[93°J (26S°-275°). 

Preparation.—kccnaphthcne (6g.) is pnt into 
a combustion tube, and the rest of the tube filled 
with litharge. The acenaphthene is heated 
strongly, and the vapours pass over the litharge, 
which must notebe red hot (Blumenlhal, B. 7, 
1092; Behr a. Dorp, B. 6, 753). 

P'lnpcrfics.-Largo golden plates (from alco¬ 
hol). Is partly decomposed by boilingt V. c. sol. 
alcohol, ether or benzene. 

Reactions. —1. Sodht^ amalgam reduces it, 
in alcoholic solution, to acenaphthene.—2. Chro¬ 
mic mixture oxidises it to naphthalic acid.— 
3. Combines, in ethereal solution, with bromine. 
forming 

.CHBr 
C,.H. < I 

\cnBr 

[121°-123°]. This forms white needles (from 
benzene mixed with alcohol). Chromic mixture 
oxidises it to naphthalic acid. Alcoholic KOH 
oonyerts it into bromo-acenaphthulene, 

Mlit 

\CH 

This is aliuuid, but its picratc forms yellow 
needles. Bctmo-accnaphthyleno is converted by 
bromine into orange-rod plates of di-bromo-ace- 
naphthylene, 

. • \CH 

.P<«r»fa-O,AC,H,(NOj),OH[209°]. Yellow 
V sol, cold alcohol. * 

^ AOlPrACEno ACID V, Aoaio-ioRno Aon>. 

ACETAL U OH,.OH(OBt),—ZW- 

m^Bacetal. di-ethyl aldchvdate (v^Aldefyde). 

Uf, Jl04°) (SUfl), {108-2^)»kt 762 mrn. 


dC^HjO + CI,=C^H, ,0s + 2HC1 + H,0. 

3. One of the products of action of alcohol o 
ethyl di-bromo-acetate (Kessel, B. 11, 1917 

4. By passing non-inflammable PH, into a mix 
ture of equal volumes of aldehyde and alcohe 
at -21° (K. Engel a. Do Girard, 0. R. 91, 692 
G. J. 38, 458). 

Preparation.—1. From Alcohol.—L By im 
perfect oxidation under the influence of plati 
num-black. Fragments of pumice aro moistene< 
with nearly absolute alcohol in a wide-mouthei 
flask, the upper part of which is filled witl 
shallow glass capsules containing platinum 
black, and the flask, covered with a glass plate 
is left in a room at 20° till nearly all the alooho: 
is converted into acetic acid. Alcohol of 60 p.o 
is^ then poured in, and the flask, again covered 
with the glass plate, is exposed to the same tern. 
perature for a fortnight or three weeks, by whiob 
time the Bqnid above the pumice will have be. 
come viscid. This liquid is then poured off, mon 
alcohol is added, and this course of proceeding 
is repeated till a few litres of very acid liquid 
have been obtained. This product is saturated 
with potassium carbonate, dried with calcium 
chloride, and about a fourth of it is distilled off; 
the distillate is treated with calcium chloride; 
the lower lay er of liquid—consisting of aldehyde, 
ethyl acetate, and alcohol—is again mixed with 
calcium chloride, and distilled till the distillate 
no longer reduces^ilver nitrate; and the residue 
is treated with potash-lye, washed, dried with 
calcium chloride and rectified (StaB).A.2. By 
distilling alcohol (2 pts.) with manganese dioxide 
(3 pts.), sulphuric acid (3 pts.), and water (2 pts.), 
and rectifying the product, which consists of 
acetal mixed with aldehyde, ethyl acetate, &b., as 
above.-3. By passing chloijpe through alcohol 
of 80 p.c. cooled to between 10° and Jo° till • 
portion becomes turbid on addition of water, in¬ 
dicating the formation of substitution-pr^ucts. 
One fourth of the acid Ugfiid is then distilled 
off; the distillate is nsutralised with ohaljkj a 
fourth part again distilled off; and the isflUate, 
consisting of alcohol, ethyl acetate, aldehyde, 
and acetal, is treated as above to separate the 
acetal (Stas). According to Ideben ^.jOh. [8] 
52, 313), the chief products of the action of 
chlorine on 80 p.o. ^cohol Ik^mono- and di- 
ohloracetal. • 

( n. From Aldehyde.—1. By passing gaseous 
hydrc%en chloride into a mixtaraof 1 vol. alde¬ 
hyde and 2 vol. absolute aloohol,cooled by a freez¬ 
ing mixture, whereby the oompoun# 0,1^010 
is obtained, as an ethereal liquid float^g on tha 
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aq(i«oii« bT^rochiorie acid, and treating ^ia 
oomponnd with sodium etbdate: 

0^,0 + GftO+HCl + 0,H,C10; 

and 0,H,Clb + C,H,ONa = NaCl + C.H„Oj 
fWnrta>*. Frapolli, 0. B. 47, 418; A. 108,223). 
3. B; treating aldehyde with PBr„ ^hereby it is 
aonrerted into cthylideno hfomido, and acting on 
this compound with sodium ethylate; 

CHMeBr,+2NaOEt - 2NaBr + CHMe(OEt), 
(W. a. P.). 

Properties.—Colourless liquid, less mobile 
than ether, having a peculiar agreeable odour 
and refreshing taste, with an after-taste like that 
of hazel-nuts. Separated from aqueous solution 
by calcium chloride and other soluble salts. 
Miscible with ether or alcohol. 

Beactions. —1. Not altered by mere exposure 
to air, but quickly oxidised in contact with pla- 
tinum-blach to aldehyde and acetic acid. Oxi¬ 
dised also by nitric and by chromic acid. —2. Not 
decomposed by caustic alkalis if air is excluded. 

3. Forms substitution-products with chlorine. 

4. Strong sulphuric and hydrochloric acids dis¬ 
solve and decompose it, the mixture turning 
black.—6. Dilute acids, even in the cold, split up 
acetal into alcohol and aldehyde.—C. A solution 
of acetal does not give the iodoform reaction, 
unless it be first acidified (Grodzki, B. 1C, 512). 

7. PCI. forms CH,.CHC1.0Et, EtCl and POCl, 
(Buchanan, A. 218,38).—8. Heated with glacial 
HOAc it forms acetic ether, thus ; 

CH 3 .CH(OEt). + 2AcOH = 

CH,CHO + H;0 + 2AcOEt. 

9. Does not reduce AgNO.Aq.—10. Chromic 
mixture forms acetic acid.—11. Heated with 
MeOH it is almost completely converted into 
EtOH and CHjCH(OMe),.—12. Heated with 
PrOH it is mostly unchanged, but some 
CH,.CH(OEt){OPr) and some ClljCIIlOPr). are 
formed.—13. Healed with iso-amyl alcohol it 
behaves as in 12. 

Beferences. —Homologues of acelal are de- 
ecribed under the aldehydes, to which they cor¬ 
respond. Bromo- and chloro-acctals are described 
under bromo- and chloro-aeetic aldehyde. For 
oxy-^etal V. glycollic aldehyde. 

ACETALDEHYDE v . Albe^tde. ' 

ACETAMUIE C.H.NO i.e. NHAo or 
CH,.CO^H,f—Amide of acetic acid. M.w. 59. 
[83^ (Hofmann, B. 14, 2729) (222’ cor.). S.O. 
j P169 (Schroder, B. 12, 562). R., 24’35 in a 
34-p.c. aqueous solution (KanonnikolT, J. pi-. [2] 
81,347). Discovered by Dumas, Malaguti, and 
Leblanc m 1847 (C^,B. 25, 657). 

Fortmticn. —1. By heating ethyl acetate with 
strong aqueous ammonia at 120° 

AcOEt -e NH,=AcNH. + HOEt. 

2. By action of ammonia on acetic anhydride: 

Ac,0 + 2NH. - NH^Ao + AcONH,. 

8. B^istillation of ammonic acetate; 

AcONH,-AcNH.-sH.0 (Kundig, A. 105, 277). 

4. When dry NaOAc (580 g.) is distilled with 
NH,C1 (22^ g.) very little acetamide (70 g.) is 
got: the distillate is chiefly NH, and acid am- 
monio acetate, ^Lh boils at 145°. 

Pr^ration.—l. Actfio ether and aqueous 


ammonia are left in a closed vessel until the ether pfom^d in nodular groups of needles [1808], mI 


has disappeared, r The product is distiltedc 
2. Glacial acetic acid (1 kilo.) is saturated with 
dry NE| and the product distilled in a current 
of dry Above 180° acetamide (460 g.) comes 


over; the first distillate (below 190°) ie treated 
in the same way; it gives mosp acetamide (170 g.). 
A third rwetition of this operation gives mors 
aoetamid^(110 g.). Total yield: 740 g. (Keller, 
bL w [2] 81, 864).—8. A&moaio chloride and 
I some acetate are BOated in an eSamelled iron 
digester for six hours at 230’. The pjoduot is 
distilled (Hofmann, B. t6, 981).—4. A misture 
of ammonic acetate (20 g.) and acetic anhydride 
(26 g.) yields on distillation 98 p.c. (12 g.) of 
acetamide (Schulze, J.pr. [2] 27, 612).—5. Am¬ 
monic sulphocpnide (1 mol.) is boiled for four 
days with glacial acetic acid (2^ mols.); 
NH,CNS -t- 2AcOH=2AcNH, + COS -f 11.0 (S.). 

Purification.—Acotamiie can be freed from 
ammon ic acetate by drying over lime (Mensohut- 
kin, J. B. 17, 259). 

Properties. —White hexagonal scales, smell¬ 
ing like excrement of mice. Deliquescent. V. 
c. sol. water. Conducts electricity and is easily 
electrolysed. 

Beactions. —1. Resolved by distillation with 
PjO, into water and acetonitrile, C.HjN.—2. With 
P.S, it also yields acetonitrile, giving off HjS, and 
leaving a blackish tumefied residue.—3. Heated 
in dry HCl-gas it yields: a. A liquid distillate 
consisting of acetic acid with a small quantity 
of acetyl chloride; b. A crystalline distillate of 
(C.H,N0),EC1, and a compound of acetamide 
and diacetamide C 2 H,NO.C,H,NO.., the latter of 
which may be dissolved out by ether; c. A non¬ 
volatile residue of acetamidine hydrochloride 
mixed with sal-ammoniac: 

2C JI,NO + HCl = C.H.N..HC1 + C..H,0., 
(Strecker, A. 103, 328).—4. Acetamide heated 
in sealed tubes with saturated hydriodic acid 
yields ammonia, acetic acid, and ethane: 

2C.H,NO + 3H. = C.H,0. + 2NH, + CA 
(Berthelot, Bl. [2J 9, 183).—5. With CS. at 
about 210'’ it gives off H.S, COS, CO, and pro¬ 
bably ethane, leaving ammonium sulphooyanide 
mixed with undccomposed acetamide: 

2C.H,NO + CS.=NH,.SCN + COS + CO t C.H, 
(Ladenburg, Z. [2] 4, 651). V. Aldehydes.— 
6. Nascent hydrogen *coppor-zino couple or 
sodium-amalgam) forms some alcohol and alde¬ 
hyde (Essuer, Bl. [2] 42, 98).—7. Heated with 
NaOEt at 180’ it forms ethylamino (Seifert, B. 
18,1357).—8. With ethyl orthofurmate at 180° 
acetamide yields ethyl alcohol and diacetyl- 
formamidinc: 

2NH.A0 + CH(OEt),=3EtOn + N.(CH)Ac.H. 
Another reaction, however, takes place at the 
same time, producing alcohol, ethyl acetate, and 
formamidiue: ^ 

2NH.Ac + CH(OEt),» 

EtOH -t 2EtOAo + N.(CH)H, 
(Wichelhaus, B. 3, 2).—9. Acetamide heated in 
sealed tubes with bemaldehyde is converted into 
benzylidene-diaoetamide: S . 

2NH.AC + PhCOH=H.O -t- PhOH(NHAo),. 
With aldehyde in like manner, it yields 
MeCH(NHAc)j iiWlarge prisms [169°], partly de¬ 
composed by distillation, and giving off aldehyde 
when treated with acids (Taw|ld.irow, B. 6,477). 
With anisaldehyde the compound 0„H„N,0i is 


ubie in water, insoluble in alcohol and ethefi 
decomposed by HOI, not altered by boiling with 
potash (Seh^ter, Z. [8] 6,681). With salic^ 
aldehyde a yellow neutrty body is form^ (<am- 
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oer, 80). With eAIonil acetamide rmites 
dirMtljr, forminA the OTjrstallme compoand 
0,HjNO.C^Cl,ortP.CHiOBAL).—10. Heated with 
mesityl oxide it lonns a basic sabstanc|) C,H„NO, 

* oxy-hydro-aelHiHne.’ A yellomsh liquid 
(176®.180') fCanzoneri a. D^ioa, 0. 14, 349). ' 

CoittbinatUma. — Acetamide anites directly 
with ihe stronger a^ids. The hydrochloride 
|N:^Ao),HC 1 is formed by passing gaseous HCl 
into its solution in ether-alcohol. Long needles 
(from alcohol); insol. iu ether.—NH^AoHCl 
(Pinner a. Klein, S. 10, 1890).—The nitrate, 
HH^AoHNO, [98°], separates from a solution 
of acetamide in strong HNO,. It is very acid, 
and is deliquescent. Si. sol. ether. Gives oil 
COa, NjO and HNO, when heated. 

So«s.-AcNHAg. Scales.—(AcNH),Hg. Six- 
sided prisms [195°J. Both formed by dissolving 
the oxides in acetamide.—(AcNU)-Zn. Prom 
ZnEt. and acetamide. Amorphous. (Frankland.) 

Chioro-acetamides.—The amides of the ohloro- 
acetie acids are described under those acids. 
Aceto-chloro-amide NAcClH [110°] is formed 
by passing chlorine into fused acetamide, or by 
pouring aqueous HGl upon aceto-bromo-amide; 

2NAoBrH -t HCl=NAcClH+NAcH, i Br,, 
(Hofmann, B. 15, 410). Sol. ether. Split up 
by HCl into chlorine and acetamide. 

Bromo-aoetamides v. Bbouo-sceiic sems. 

Aceto-bromo-amide 

NHBrAc [108°]. NHBrAc aq. [70°-80°]. 
Formed by adding aqueous KOII to a solution of 
Br (1 mol.) in acetamide (1 mol.). Striated 
rectangular plates (from ether). 

Beactions.- l. Boiled with water it forms 
acetamide, Br, HBrO, methyl-acetyl-urca, and 
mcthylamine.—2. Heated with Ag^CO, it forms 
methyl cyanate: 

• 2CH-CO.NIIBr + Ag.,CO,- 
2CH,NCO + 2AgBr -t CO., -f fi,0. 

8. Boiled with KOHAq it forms HBr, CO,, and 
methylamine, the methyl cyanate formed ac¬ 
cording to the last reaction being decomposed 
in the usual way.—4. Acetamide and NaOHAq 
form methyl-acetyl-uAa,— 6. Am//io>iia reacts 
violently, thus : 

SNAcHBr + 6NH, - SNAoH, + 3NU,Br + N,. 

6. Aniline forms acetanilide and tri-bromo- 
aniline.—7. Phenol gives tri-bromo-phenol and 
acetamide (Hofmann, B. 15, 407). 

SaWs.—NAcBrNa. Hair-like needles, ppd. 
byoone.NaOH. NAcBrNaBr.aq. Made by adding 
cone. NaOH to a mixture of acetamide (1 mol.) 
and bromine (1 mol.). Bectangular plates. Ue- 
composed by water into NaBr and aceto-di- 
bromo-amide. 

Aceto-di-bromo-amide NAcBr, [100°]. 
Made by adding aqueous EOH to a dilute solution 
of bromine (Imol.)andbromo-acetamide (Imol.) 
(Hofmann)B. 15,413), Golden needles or plates; 
sol. warm water, alcohol, or ether. Boiled with 
water, it gives HBrO, NAcBrH, and NAoH,. 
Potash decomposes it into nitrogen, acetic acid 
and potassio hypobromite. H. W. 

Bromo-chliro-acetamide v. Culobo-bbouo- 
aenno acid. 

bdo-Bcetamide v. Iodo-acbtio acid. ^ • 

1 tfi-acetamide NAo.,H. M.w. 180 [82»)T210°' 
216°). 

.# Preparation,— 1. The ethereal solution of 
the crystidline compdbnd of acaStmide and di- 


acetomide got by heating acetamide in a current 
of HCl (a, Beaction 8), deposits, when gaseous 
HCl is passed thfcugb it, spicular crystals of 
acetamide hydrochloride, and the filtrate yields, 
by evaporation over H^O,, crystals i ' " 


mide.' 
HOAo, or 


I. By 
facet 


diaoeta- 

ly heating acetonitrile wi!h glacial 
„™.., -Jetamid^with Ao,0 at 850° (Gautier, 
B, 1809, 127).—8. By boiling methyl-acetyl-urea 
with AcjO (Hofmann, B, 14, 2731). 

Properties. — Long needles (from ether). 
Neutral. V. e. sol. water, v. sol. alcohol or ether. 
Docs not combine with acids, so that HCl gives 
no pp. in an ethereal solution, 

Beaciions.—l, By boiling with acids or by 
heating with ZnCl, it is resolved into acetic acid 
and aoetonitril.—2. Fuming HNO, reacts, giving 
oil N,0. H. W. 

Tri-acetamide NAc, [79°].—Formed in small 
quantity when a mixture of acetic anhydride and 
acetonitrile is heated to 200°, and may be dis¬ 
solved out by ether after the excess of Ao,0 has 
been distilled oil. White flexible needles [78°- 
79°]. Neutral. Gently warmed with silver oxide 
it yields silver acetate; so likemse do aceta¬ 
mide and diacetamido (Wichelhaus, B. 3, 847). 

H. W. 

Tri-acet-di-amide N,Ac,n, [212°-217°]. — 
This is the compound of acetamide and di-aeei- 
amide mentioned under acetamide (BeacUon 3) 
and di-ooctamide {Preparation 1). 

Bi-aso-acetamide v. Am ooufouhdb. 

Ethyl-acetamide v. Etiivd-auine. 

Methyl-acetamide v. METnvL-ASiiNE. 

Phenyl-acetamide v. Aniline, 

ACET-.—It compounds whose names begin 
with acet or aceto are not here described, remove 
this i>reflx and look for the remaining word, 
changing the termination ide, if present, into ine. 

ACETAMIDINE C.J1,N, i.e. CH,.C(NH).N^ 
.icediamine, Ethenyl-amidine, Acet-imid-amide 
(Strecker, A. 103,328; Hofmann, B. 17,1924).— 
The hydrochloride of this base is left as a residue 
when acetamide is distilled in a current of HCl 
(u.Acetasiide, Reaction3). The mass is extracted 
with alcohol, which leaves NH,C1 behind. 

Properties. —When liberated from solutions 
of its sails, it sjilits up into ammonia aitd am- 
mouic acetate. 

Salts. - B'HCl: prisms (from alcohal), [165°]. 

—(B’HCOJPtCl,: yellowish-red prisms. 

—^B'lIIjSO,: pearly laminio. 

Bcactions. — 1. The hydrochloride boiled with 
Ac-O and NaOAo for IJ hours forms anhydro- 
di-acetyl-aoct-amidine and anhydro-di-acetyl- 
aoet-amidil (Pinner, B. if, 173). — 2.fr. Aoeio- 
ACEiic etiieb. Reaction 25. 

Anhydro-dl-acetyl-acetamidlno 0,H,N,0 
[253°].—Prepared as just stated, the ptrmuct 
being treated with tmuems NaOH and the pp. 
boiled with water, which dissolves the 'IbiidU,' 
but not the amidine. 

Silky needles (from alcohol). Insol. water, 
si, sol. cold alcohol, v. sol. hot alcoho]| v. e. soL 
dilute acids. Forms a platino-chloflde. 

Anhydro-di-acetyl-acet-iynUU 0,H„N,02aq. 

\nh.c».ch 

[186°]. Obtained as above. Nodules of small 
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priim*. Lob« 2i^t oter BiSOt. SI. lol. obld 
water, boL hot water, r, e. sol. alcohol and in 
dilute acids. Forms a plstinim salt. 

ACXTAUIOOZIM v. FTBSNn-siUDaxiii. 

ACEX^SILIDE V. Anilc(e Acelffl deriva¬ 
tive. 

AOBHO ACD) 0;a,0,^e. CHrCO.OH or 
AcOH.— Methane carboxylic add, Pyroliffneoue 
M.W. 60 [le-S-] (Zander), [17-5°) (Sonstadt, 
0. AT. 87,199). (118-29“) (Z.), (117-5‘>) (Schifl.). 
Critical tempemfure 821'6‘’ (Pawlewsky, B. 16, 
2684). S.G. Solid. § 1-0701 (Z.); « 1-0607 
(Mendelteff, J. 1860,7). S.G. Liquid. 1^ 10576, 
<f 1-0543, 4“ 1-0503 (Pettcrsson, J. pr. [2] 24, 
801); ^ 1-0495 (BriiM); at boiling-point -9325 
(Bamsay, C. J. 35, 463). V.D. 29-7 at 250° and 
upwards. C.E. (0°-10°) -00106 (Z.). H.F.p. 
105,290. H.F.T. 104,130. S.H. (between 0° and 
100°) -497. Latent heat of fusion for 1 mol. (at 
1-6° to 4-2°) 2619. ye 1-3765. Ba, 20-69 (B.). 
M.M. 2-525 (Perkin). S.V. 64-3 (E.). 

Occurrence. —In the j uices of plant s, especially 
of trees, and in certain animal secretions. 

Syntkeiis. —1. From acetylene (».«. from C 
and H) by converting that hydrocarbon into 
ethylene by direct addition of hydrogen, then 
the ethylene into alcohol, and oxidising the 
alcohol; or more simply by heating acetylene 
dicbloride with aqueous potash at 230’ or with 
alcoholic potash at 100’ for ten hours: 

0 AClj -t 3KHO=C.,H AK + 2KC1 + HjO 
(Bertheiot, Z. (2J 5, 683).—2. When a mixture, 
1 vol. acetylene and 2 vols. air, is exposed to 
daylight over dilute potash-lye, the acetylene is 
slowly oxidised to acetic acid, which is absorbed 
bythealkaU: C.,H., + 0-tK0H = C,HA,K (Ber- 
thelot, A. Ch. [4J 23, 212).—8. From sodium- 
methyl anj) carbonic acid: 

CH,Na + COj=CHj-CO^Na 
(Wanklyn, A. Ill, 234).—4. By boiling aceto¬ 
nitrile (methyl cyanide) with potash ; 

CHjCN + KOH -r H,0 = CH,CO.,K -t NH, 
(Fronkiand a. Kolbe, A. 65, 293).— 5. By passing 
CO over sodium methylate at 160°: 

e CHjOBa + CO = CH,CO,Na , 
(Pr6hlioh, A. 202, 294). ' 

S’ormaiion.—l. By dry distillation of organic 
bodies, especially w-ood.—2. By the action of 
atmospheric oxygen, chromic acid, nitric acid, 
hypocblorous acid, and other oxidisers, on al¬ 
cohols and other organic bodies, e.specialiy under 
the ioAuence of ferments which act as carriers 
of'oxygea..^3. By thd action of KOH or NaOH 
at a high temperature on various organic bodies, 
e.p. tartaric, citric, and malic acids, sugar, alco¬ 
hol, * 0 .—4. In various processes of fermentation 
and putrefaction (J. 18W, lgl7,1019,1023). 

Prefaration. —1. By oxidation of ethyl al¬ 
cohol, the alcohol being first converted into 
aldehyde; CA«0-t 0 = 2.0 + 0^,0, and the 
aldehyde then oxidised to acetic acid. I'he oxi¬ 
dation ma'y Fe effected; 

a. By the inflice^ of epongy platinum. If 
a tray containing this sub^once be placed over 
a diw containing a little alcohol, the whole 
being covered with a bell-glass open belov^as 
well as at the top, on gently warming the dish 
the alcohol will be rapidly oxidised, acetic acid 
aondensing in abundance on the inside of the 


jar, Mnch of the alcohol is, howevw, eonvertef 
mto aldehyde and lost by vol^jflisation. 

b. Under the infiuence of ferments. Xfais ii 
the ordini^ process of making vinegar fron 
^eoholic n^uids, wine being gensrallyjuaed fo: 
trie purpose in FrancAand GermanyPand malt ii 
England. The most favourable temperMure ii 
35°-80°, The experiments of Pasteur hjiri 
shown that the oxidation of alcohol in the o^i 
nary process of vinegar-making depends essen 
tialiy on the presence of a fungoid plant callec 
Mycederma vini, Mycoderma aceti, or ‘ mother 
of-vinegar,’ and is invariably preceded by iti 
development on the surface of the liquid. II 
appears to act like platinum-black, as a oarriei 
of oxygen. The plant may be sown on the sur. 
face of the liquid by introducing a small portion 
of it from another vinous liquid already in the 
fermenting state,, or by simply exposing the 
liquid to the air in which the germs of this 
fungus, as of many others, are always floating. 
Like all other plants, it requires food for its de¬ 
velopment, and this it finds in the albuminous 
matter and mineral salts contained in ordinary 
vinous liquors. If these are absent the plant 
cannot grow, and acetifloation cannot take place. 
Thus, pure aqueous alcohol may be exposed to 
the air for any length of time without turning 
acid, because the germs of the mycoderma which 
fall into it from tlie air remain barren for want 
of nutriment. Moreover, pure aqueous alcohol 
may be acetified without the aid of any albu¬ 
minous matter, provided the mycoderma have 
access to it, and be supplied with the nitrogen 
and saline matters necessary for its growth. 
Pasteur has in fact shown that this nutriment 
may be supplied in the fonn of alkaline and 
earthy phosphates and ammonium phosphate, 
, the latter furnishing the nitrogen Under theSc 
cireiimstanccs the myoodorm grows, though loss 
quickly than in ordinary vinous liquids, and the 
alcohol is slowly converted into acetic acid. If 
the mycoderma be allowed to remain in the liquid 
after the acetifieation is complete, the whole of 
the acetic acid may be dfetroyed and the liquid 
rendered perfectly neutral. (Pasteur, ftudes sur 
le Vinaigre, Paris, 1868; also A nnales Scienti- 
fiqiuss de I'&ole normale supiricure, tome L 
1864 : Bl. 1861, p. 94 j J. 1861, 726.) 

Malt Vinegar is prepared from a fer¬ 
mented wort obtained by mashing malt, or a 
mixture of malt and raw barley, with water, as 
in brewing. 

Quick Ybicgar Process. —The oxidation of ths 
alcoholic liquor may be greatly accelerated by 
allowing it to trickle down in a fine shower over 
chips of wood covered by the mycoderma, and 
exposed to an upward current of air. 

Wood Vinegar—Pyroligneous Acid. —Th* 
greater part of the acetic acid now u^ed in arts 
and manufactures is obtained by the destructive 
distillation of wood. The wood is heated in large 
iron cylinders connected ivith a series of con¬ 
densers. The watery liquid which condenses in 
the receivers, consisting of watei, tar, methyl 
alcohol or wood-spirit, methyl acetate and acetio 
Euid, is redistilled after separation of the^j^, 
the wood-spirit passing over among the ust 
portions of the distillate and the acetic or pyro¬ 
ligneous acid afterwards. The acid tbns obl^ 
tained is colouited and has O strong tarry flavoort 



AOETIO ACID. - 


li(Et MnOrablA br distUlation. To purify it, 
tbo oriido Uquot ihoatuiated irith lime, which 
remoTsa {iart of tub iarrj matter, the rest re> 
maining lu solutiou with the calcium acetate, 
^e liquid, darned bg repose or by fin-atioa, is 
•VaporateJiaasn iron pot tg half its Wb, and< 
miaedwith enough hTdrochlorio acid to give a 
slight acid reaction, wl|preupon the greater part 
ol the tarry matter separates, and may be skimmed 
ofl the surface. The hydrochloric acid also de- 
eomposes certain compounds of lime with creo¬ 
sote and other volatile substances, which may 
then be expelled by heat. The calcium acetate 
thus puriBed is completely dried and distilled 
with hydrochloric acid. The density ol the 
acetio acid thus obtained is about 1-0(1. If it 
contains hydrochloric acid it may be purified by 
rcdistillation with addition of a small quantity 
of sodium carbonate, or, better, 2 or 3-p.c. potas¬ 
sium dichromate, this latter at the same time 
destroying certain organic impurities which give 
the acid a peculiar odour (VSlckel, A. 82, 49). 
Crude wood vinegar contains small quantities of 
propionic, n-butyrio, n-valerio, and two crotonie 
acids (Orodzki a. Kramer, B. 11,1356). 

Crystallisable or Olacial Acetic Acid 
—the pure acid, 0 , 11 , 02 , so-called because it 
crystallises at ordinary temperatures—is ob¬ 
tained : 1, From the ordinary aqueous acid by 
fractional distillation, repeated tili the residue 
solidifies on cooling. 2. By distilling certain 
dry metallic acetates with strong sulphuric acid 
or with hydrogen potassium sulphate, 

20.,H,KO, + H,SO, = K,SO, + 2C.,H,0,; 

and C,jH,K9, -eHKSO,=K,SO, + C,H,0,. 

8. Together with acetone and other products, 
by dry distillation of cupric acetate {Syiritus 
^ruginie or Sp. rcncris). 

*Physical Prmerlies .—The solid acid forms 
prismatic or tabular crystals. Thoiiqnid acid 
is transparent, colourless, and mobile. Vapour- 
density at 250° and upwards is 2-08 (air = 1) or 
29-7 {H=l), which is nearly half the molecular 
weight of the acid, showing that at these high 
temperatures the vapotr exhibits the normal 
condensation. But at temperatures nearer to 
the boiling-point the density of the vapour is 
much greater, showin,-; a ooudensatiou to 11 vol. 
or even less (Cahours, C. It. 19, 771; 20^ 51). 
The pressure of the vapour of solid acetio acid 
is 1-3 mm. at-6-7°, 2-0 mm. at 0°, and 9-5 mm. 
at 16-4°; the vapour-pressure ol liquid acetio 
acid being 3-2 mm. at 0°, C-3 mm. at 10°, 11-8 
mm. at 20°, 19-9 mm. at 30° (liamsay a. Young, 
O.J.il.iS). \ J b, 

Olacial acetio acid has a pungent sour taste 
and odour and blisters the skin. It docs not 
redden litmus paper per sc, but reddens it 
strongly when mixed with water. It does not 
attack CaCfi| until water is added. It is hygro¬ 
scopic. • 

Agueous defd,—Acetio acid mixes with 
water in all proportions. Hjre density of the 
aqueous acid does not vary in proportion to the 
amount of ro^ acid present; and consequently 
the strength « any sample cannot be inferred 
from its density, but must be determined bv 
^ilrafon with standard alkali. The lolibwin? 
table has been constructed in this manner by 
l¥f ^ ^ temperatures 0°, 


Density of Aqueous Acetio Acid (Oudemans). 


O.H.O. 

« 



p. 0. 

■ rtO® 

atte° 


0 

»9999 

0-9992 

• 0-9924 

1 

1-0016 

' 1-0007 

0-9936 

2 

1-0033 

1-0022 

0-9948 

3 

1-0051 

1-0037 

0-9960 

4 

1-0069 

1-0062 

0-9972 

5 

1-0088 

1-0067 

0-9984 

6 

1.0106 

1-0083 

0-9986 

7 

1-0124 

1-0098 

1-0008 

8 

1-0142 

1-0113 

1-0020 

9 

1-0159 

1-0127 

1-0032 

10 

1-0176 

1-0142 

1-0044 

11 

1-0194 

1-0157 

1-0056 

12 

1-0211 

1-0171 

1-0067 

13 

1-0228 

1-0185 

1-0079 

14 

1-0245 

1-0200 

1-0090 

16 

1-0262 

1-0214 

1-0101 

16 

1-0279 

1-0228 

1-0112 

17 

1-0295 

1-0242 

1-0123 

18 

1-0311 

1-0256 

1-0134 

19 

1-0327 

1-0270 

1-0144 

20 

1-0343 

1-0284 

1-0165 

21 

1-0359 

1-0298 

1-0166 

22 

1-0374 

1-0311 

1-0176 

23 

1-0.390 

1-0324 

1-018T 

24 

1-0405 

1-0337 

I-OIOT 

25 

1-0420 

1-0360 

1-0207 

26 

1-0435 

1-0363 

1-0217 

27 

1-0450 

1-0375 

1-0227 

28 

1-0465 

1-0388 

1-0236 

29 

1-0479 

1-0400 

1-0246 

30 

1-0493 

T0412 

1-0255 

31 

1-0507 

1-0424 

1-0264 

B2 

1-0520 

1-0436 

1-0274 

33 

1-0534 

1-0447 

1-0283 

34 

1-0547 

1-0459 

1-0291 

35 

1-0560 

1-0470 

1-0306 

36 

1-0573 

1-0481 

1-0308 

37 

1-0585 

1-0492 

1-0316 

38 

1-0598 

1-0502 

1-0324 

39 

1-0610 

1-0513 

1-0332 

40 

» 1-0622 

1-0523 

1-0346 

41 

1-06^4 

1-0533 

1-0348 

42 

1-0640 

1-0543 

1^365 

43 

1-0057 

1-0552 

1-0363 

44 

1-0668 

1-0562 

1-0370 

45 

1-0679 

1-0571 

1-0377 

46 

1-0690 

1-0580 

1-0384 

47 

1-0700 

1-0589 

1-0391 

48 

1-0710 

1-6698 

1-0397 

19 

1-0720 

1-0607 

i-0404 

50 

1-0730 

1-0615 

1-0410 

51 

1-0740 

1-0623 

1-0416 

52 

1-0749 , 

f0631 

1-0423 

53 

1-0758 

1-0638 

1-0419 

54 

1-0767 

1-0646 

1-0434 

55 

1-0775 

1-0653 

1-0440 

56 

1-0783 

1-0660 

1-0445 

57 

1-0791 

1-0666 

• f0466 

58 

1-0798 

l-0W(i 

1-0456 

69 

1-0806 

, 1-0679 

1-0460 

60 

1-0813 

' 1-0685 

1-0464 


1-0820 

1-0691 

1-0468 

62 

1-0826 

i-oolr 

1-0472 

63 

1-0832 

1-0702 

• 1-0476 





A**?' 


,< Density 


p.41 


atSs" 

at<0* 

64 

1-0838 . 

1-0707 

1-0479 

66 

<4-0845 

1-0712 

e 1-0482 

66 

1-0851 

F0717 

1-0485 

67 

1-0856 

1-0721 

1-0188 

68 

1-0801 

1-0725 

1-0491 

69 

1-0806 

1-0729 

1-0493 

70 

1-0871 

1-0733 

1-0495 

71 

1-0876 

1-0737 

1-0497 

72 

1-0879 

1-0740 

1-0498 

73 

1-0883 

1-0742 

1-0499 

74 

1-0886 

1-0744 

1-0500 

75 

1-0888 

1-0746 

1-0501 

76 

1-0891 

1-0747 

1-0501 

77 

1-0893 

1-0748 

1-0501 

78 

1-0894 

1-0748 

1-0500 

79 

1-0896 

1-0748 

1-0499 

80 

1-0897 

1-0748 

1-0497 

81 

1-0897 

1-0747 

1-0495 

82 

1-0897 

1-0746 

1.0492 

83 

1-0896 

1-0744 

1-0489 

84 

1-0894 

1-0742 

1-0485 

85 

1.0892 

1-0739 

1-0481 

86 

1-0889 

1-0730 

1-0475 

87 

1-0885 

1-0731 

1-0409 

88 

1-0881 

1-0720 

1-0462 

89 

1-0876 

1-0720 

1-0155 

90 

1-0871 

1-0713 

1-0447 

91 

— 

1-0705 

1-0438 

92 

— 

1-0696 

1-0428 

93 

— 

1-0086 

1-0410 

94 

— 

1-0074 

1-0403 

96 

— 

1-0600 

1-0388 

96 

— 

1-0044 

1-0370 

97 

— 

1-0025 

1-0350 

98 

— 

1-0004 

1-0.327 ■ 

99 

— 

1-0580 

1-0.301 

100 

— 

10553 

1-0273 


The maximum density corresponds at 0“ to 
about 81 p.c., and at 40° to about 76 p.c. Ortlio- 
aoetic acid, CH,C(OH)„ would contain 77 p.c. of 
MOAc. i 

BeacHons. —1. Vapour indummable, burning 
with blue flame to water and COj.—2. Tartly 
decomposed by passing through a rcd.hot tube 
yielding carbon and combustible gases, together 
with acetone, benzene, phenol, and naphthalene 

« elot, A.Ch. [3J 33,295).—3. Dropped upon 
jCIj it gives CO, CO.^, 0.jH„ CjH„ isobu¬ 
tylene, wd a little Qfi, (Lcbel a, Orccne, Am. 2, 
26).—4. Passed over zinc dust at 300°-350° it 
gives hydrogen, acetone, CO, and some propylene 
(Jahn, M. 1, 683).—5. Mixes with strong sul¬ 
phuric acid withoutOevolution of gas, but the 
mixlive becomes hot, a%d if further heated 
gives off CO-i mixed with SOj. Dissolves 80, 
without giving off gas, forming sulpho-acotio 
acid. Not sensibly altered by nilrie acid .—6. 
Ptriodit acid converts it into carbonic or formic 
acid, with form^ign of iodic acid and separation 
of iodine.—7. mtB chlorine in sunshine it forms 
mono- and tri-chloro-aSetic acids (g. v.), the 
one or the other predominating according as 
the acetic acidmic^the chlorine is in excisss.~6. 
Eeaied wi^ bromine in a scaled tube it forms 
mono- anddi-bromo-acetic acids. Not acted upon 


by iodine, even in sunshine.—-9. With FOl, it 
forms AcCl, HCl, and FOChaWith FOl, it reacts 
thus: SAcOH + 2FC1, - SAJcI + FA 8H01.— 
10. With P,8, the products are thio-acetio acid and 
phosphoso oxide: 6AoOH PjSj.^ PA + 6AoSH. 
ill. With ohromylWichloride Cr(3...C$, it forms 
the compound (Stard, A, 

Oh. (6) 22, 286). - 

Detection. —The solution supposed to edhtain 
acetio acid or an acetate is acidiflod with 
H-BO, and distilled. The distillate, if acid, is 
neutralised with KOH and should then give the 
following testa: (1) FeCl, a brown-red colour, 
and a pp. on boiling. (2) AgNO, a white floccu- 
lent pp., sol. hot water, separating in spangles 
when the solution cools. (3) Evaporate to dry¬ 
ness, mix with As.jO, and heat: a disgusting 
odour of cacodyl is perceived. 

Acetic Acid Dibromide C.,HA'F>'« [37°] is 
formed on treating acetic acid with bromine in 
presence of a small quantity of carbon bisulphide. 
Orange-red needles or thick roseate prisma, very 
deliquescent; dissolving in water with great fall 
of temperature and separation of bromine, in 
alcohol, benzene, and glacial acetio acid with 
partial formation of substitution-products. At 
100° dissociation first takes place, but finally 
HDr and C,H,BrOj are formed. 

Compounds of acetic acid with Br and HBr. 
On adding bromine to well-cooled glacial acetio 
acid saturated with HBr, the whole solidifies to 
a mass of thick, rather large, tabular, crystals, 
which when dried have the composition 
(C.Jl,0.,).J3r2HBr; they fume in the air, molt 
and decompose at -f 8°, and arc decomposed by 
water and by potash-lye, yielding (C,H,0,)rBr, 
and KBrO,. Heated in a sealed tube, they 
yield bromacetic acid (Steiner, D. 1874, 184). 
The compound (0.H,0.,).,Br.,.HBr has also 
been prepered by Hell a. Miihinauscr (B. 1878, 
241), who by using larger quantities of bromine 
have further obtained (C 2 H,Oj,Br,(BrH), in 
radiate groups of hard roseate crystals, which 
may be dried in the lime exsiccator. 

Acetates. —Aceticucid is monobasic, the 
general formula of its normal salts being: 

»">(CH,.COO),-R<"’A', 
the symbol R<"* denoting an «-vaIent radicle 
metallic or alkylic, and A' standing for C,HA- 
METALDIC ACETATES.-The nor¬ 
mal acetates all dissolve in water, and most 
of them readily. The least soluble are the silver 
and mercury oalls, so that solutions of other 
acetates added to mercurous nitrate or silver 
nitrate throw down white shining scales of mer¬ 
curous or silver acetate. But for the most Tart 
acetates are formed not by precipitation, but by 
the action of acetic acid on metallic oxides or 
carbonates; many carbonates, however, those of 
barium and calcium for example, a^ not decom¬ 
posed by acetio acid in its most ciSicentrated 
state. All acetates are decomposed by heat, most 
of them yielding carbon dioxide, acetone and an 
empyreumatic oil. Those which are easily de¬ 
composed, and likewise contain bases forming 
stable carbonates, are almost vdiolly resolved into 
. acetone and carbonate, e.g.: 

^ 0 Ba(O.OO.Me)j»COMe 2 + BaCO,.ti ^ 

Those which, like the potassium and sodium 
salts, require a higher temperature to deoomi^e 
them, yield sfpre comply products, but alwa^ a 


qnantxty of acetone. Amongthe producta aqueoiia aolation known ^ the PhannaoopoBia as 
aref<«ndmefchyle^yl ketone pd methyl propyl Spiritus Mindereri la prepared by saturating 
ketone, together with dummin C ^,#0 (Pittig, aqueous acetic acid^ith ammonia or ammonium 
4. liO, 17). AcetatMContainingweake^basesgive carbonate. The acid saU KH 4 HA'- (145°) is oB- 
off part o( t^ aoetic%oid (mdeoomposed, the re| talned as a crystalline sublimate with e^mlation of 
mauling porRon bemg^resowed into acetone^ana ammonia biheating powdered anu^nium chlo- 
carbonio anhydride, orif the heat bestrongi yield- ride with p^assium^tr calcium acetate (v- Aoar- 
ing gmpyreumatic oil Aid charcoal: the residue amidb). When commercial ammonium acetate 
consists sometimes^of oxide, sometimes, as in the is dissolved in its own weight of glacial acetic 
oaseof copperand 8 iIver,of reduced metal; inthis acid, an acid salt is obtained in long needles, 
case part of the acetic acid is burnt by the oxygen having the composition 2NH, A'SHA' (Berthelot, 
abstracted from the metal. The decomposition Bl. 24,107). 

of silver acetate may be expressed by the equa- Barium Acetate BaA'.giq, prepared by de- 
tion: composing the carbonate or sulphide with acetic 

dCHj.COjAg - SCH,.CO.iH -t COj + C + 4Ag acid, is obtained, on evaporating the solution at 
(Iwig a. Hecht, B. 10, 238). Acetates heated a gentle heat, in battened prisms; and on cool- 
with a large excess of fixed caustic alkali, are ing to O'’, in monoclinic prisms, BaA'^Saq. The 
resolved at a temperature below redness into crystals dried at 100 '’ yield the anhydrous salt 
marsh gas and alkaline carbonate, e.g. : as a white powder, resolved at a high temperature 

K0.;H,0; + K0H=K,C0j + CH,. into barium carbonate and acetone. S.G. (of 

Acetates distilled with sulphuric acid and aloe- BaA'-^aq) 2-02; (of BaA'.J 2-47 (Schroder). V. e. 
hoi yield ethyl acetate. The acetates of the sol. water, insol. alcohol, 
alkali-metals, and probably others also, treated Acid Saits.—BaA' 3 lIA' 2 aq.—BaA'j 2 ELA' 2 aq. 
with phosphorus oxychloride, yield acetyl chlo- (Villiers, Bl. 30,177; C. It. 85, 1234). 
ride, together with a tribasio phosphate: Double SoZf.—BaA'{NO.)4aq (Lucius, A. 103, 

3NaOAo-tPOCl, = 3AcCl + Na,POj. 113). 

Many acetates may bo decomposed by water Bismuth Acetate separates in micaceous 
into acetic acid and metallic oxide. This do- laminm from a warm mixture of bismuth nitrate 
composition in the ease of aluminio and ferric and potassium acetate. Aoetio acid mixed with 
acetates occurs at 100'’, while at 175'’the acetates a soluliou of bismuth nitrate prevents the pre- 
of Mn, Co, Ni, Zn, Ur, Cu, and Ag, as well as oipiUtion of that salt by water, 
ferrous and mercuric acetates, are slowly de- Cadmium Acetate CdA'j3aq. — Monoclinio 
composed (Iliban, C. It. 93,1140). prisms. V. e. sol. water, deliquescent and diffi- 

Aluminiom Acetates—The normal salt AlA'j cult to crystallise (Hauer, Sitz. B. 16,131). S.G. 
exists only in solution, being decomposed on 2 01 (dry, 2-34, Schroder), 
evaporation. The solution, which is much used Calcium Acetate CaAVq. Small eiBorescent 
as a mordant in dyeing and calico-printing, and needles. V. sol. water, si. sol. alcohol. S.G. o! 
is called * red liquor ’ because it yields madder aqueous solutions of CuA'^ at 17*6'’ (Franz, J.jgr, 
rets and pink% may be farmed by dissolving .[* 2 ] 5 , 298): 
freshly precipitated aluminium hydroxide in 
strong acetic acid, or by precipitating a solution 
of normal aluminiura sulphate with lead acetate: 

Al,(SO,), + SPbA'j=3PbSO, -e AljA',. 

When quickly evaporated at a low temperature, 
by spreading it out m*thin layers on glass or 
porcelain, it leaves a soluble basic acetate; 

A 1 A- 2 C 4 HA-<H .,0 or Al 20 (Ac 0 ),. 4 H, 0 , 
forming a gummy mass perfectly soluble in 
water; but, if heated, or left to evaporate at ord. 
temp., it deposits insoluble basio salts, containing 
in the first ease two, and in the second five mo- CaCOj and acetone. 

leoulcs of water, instead of four. The soluble Acid salt CaA'jHA'lJaq. Hygroscopic. _ 
acetate exposed in dilute solution to the tempera- Double salt CaA'^CaGi^lOaq. Monoolimo 

tore of boiling water for several days, undergoes prisms, permanent in air. 
a remarkable change, the whole or nearly the Cerous Acetate Ce^A* 3aq fomfe radiate 
w&ole of the acid being expelled and a peculiar groups of sm all needles, which become a^ydrous 
modification of alumina remaining dissolved (c. in dry air without losing their orystaliine form; 
AintHNiDU) (Walter Crum, G. J. 6 , 210). A after drying at 115° they carbonise at a higher 
dilute solution of aluminic acetate, free from temperature withou^/usrog, and when strongly 
alkali, mu^e boiled without a pp. being formed heated leave a residue of oerous oxide ^lOrge, 
(Beinitzef,ilf.3,269). ,7. ;»•. 82,129). 

Asunoolnm Ao 6 tftt 6 it—ThenormalsaltNH^A^ Chromiuni Aoetat 0 S*°-’>Tho chtomoui sdlt^ 

.£89°], obtained by saturatingsglacial acetic acid CrA'.^aq, obtained from the chloride ^ deoom- 
with dry ammonia-gas, is white, odourless, ex- position with potassium or sodium aSetate, forms 
tremely solub^, and dlflloult to crystallise, its red transparent crystals wl*oh when moist ab- 
aqueoUB solution when evaporated giving off sorb oxygen very rapi^^ly from the air, sometimes 
ammonia and leaving the acid salt (Berthelot^ taking fire (Peligot, A. Ch. [3] 12, 541)*— Nor. 
di.ro,440; Smit, Hi. 24,639; BahrmannTJ'.F*- malfChromie Acetate Cr^'^aq is obtained by 
(ffl 27, 290). When distilled with phosphorio evajjorating a solution of ohfoMo hydroxide in 
aihydrido it loses 8 mol. water, and gives off aoetio acid, as a green ctystallino mass, insoluble 
soetonitrUo CAN-KHAH.Osi^ 211,6. The in alcohol. Ita aqueous aolutiou, green by t«. 
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Calcic acetate splits up on distillation into 



10 AOBnO 

fleeted, red by tnmsmUted Hgbt, is not deoom. Mbasio: SCtiO.OoA^to » WuQJi^O'M 
posed either by h<Alm$ or addition of lime- ■■2(HO.CuA')Ou(OH),. » 

water; bat ammonia throws down from it a They are contained in common wrdi§H$ 
green precipitate of ehromio hydroxide, soluble (vert’de-p4s)f a Bubstanoe obtained by exposing 
in exoes^^H. BchiiEf, A* Ch» [ 8 j 71» 140 i Sohiita- |)Iaie 8 of copper to tim air ni coiftact with acetic 
enberger, JtfL [2] 4, 86 ). The eolutiop t^® nor- acid, and much usW as a pigi^nt and as a 
mal acetate heated for several days with excess mordant in dyeing wool blaci. There are two 
of ehromio hydroxide loses its acid reaction, and varieties of tnis substalce, the blue an^ the 
yields by eva^ration a green powder soluble in green, the former consisting almost wholly of 
water,con 8 istingofaba 8 icacetatoCrj^' 4 (OH)j dibasic cupric acetate, the latter of the sesqui- 
Sohiff, A, 124, 1G8). basic salt mixed with smaller quantities of the 

Chrotnic Diacetotetrachloride, CT^A!.^C[t is dibasic and tribasic acetates. The dibasic salt 
obtmned ^ by dissolving Cr^OCl* in strong or blue verdigris is prepared at Montpellier and 
acetic acid. ^ It is an unstable salt, which gives in other parts of the south of France, by ex- 
off acetic^ acid when heated above 100*^. The posing copper to the air in contact with fer* 
clilonne is but very slowly precipitated from it menting winc-lecs. The same compound is ob- 
by silver nitrate at ordinary temperatures, but, tained by exposing copper plates to damp air 
on the other hand, the salt easily yields acetic in contact with normal cupric acetate made into 
ether wh^ heated with sulphuric acid and a paste with water. It forms delicate, silky, blue 
alcohol (Schiff). — Chromic Diaceto-sulphate crystalline needles and scales, which yield a 
obtained by dissolving chromic beautiful blue powder. Tliey contain 6 mol. 
disulphate in acetic acid, is a crystalline salt water, which they give off at ©O'®, and are then 
which becomes anhydrous at 100 ^, and gives off converted into a green mixture of the monobasic 
acetic acid at a higher temperature (Schiff),— and tribasic salt. 

Chromic PeiitaceiO'rdtrate Cr.AjNOa4a(j is ob- Omn Fcrtftgrm is manufactured at Grenoble 
tained by mixing a solution of cliromio hydroxide by frequently sprinkling copper plates with vine* 
in a slight excess of acetic acid with a solution gar in a warm room; and in Sweden by dis* 
of the same quantity of chromic hydroxide in posing copper plates in alternate layers witnffan- 
the exact quantity of nitric acid required to nols soaked in vinegar, 
dissolve it. The concentrated solution, when Ca/cw-cttp^ilcctofeCaA'.OuA'jjSaq, obtained 
left to itself, deposits an abundant crystallisation by heating a mixture of 1 mol. CuA'j and 1 mol. 
of a dark green salt, which may be purified by Ca(OH )2 with 8 pts. water and sulliciont acetic 
recrystalUsation from water or from glacial acetic acid to dissolve the precipitated CuO, and evapo- 
acid. It forms dark green bulky laminw, which rating the filtrate at 25'^-27°, crystallises in large 
give off nitrous fumes at 100 °, the chromium blue square prisms, slightly efflorescent, giving 
being at the same time converted into trioxide. off acetic acid and falling to powder at 75 °; 
(Sebutzonberger). readily soluble in water. Another calcio-ouprio 

Cobalt Acetate CoA'o4aq.—Bed needles. acetate often exists in crystallised verdigris. ^ 

Copper Acetates.—The cuprous salt Cu A'i Cupric ^ Aceto-arseniie CuAV3Cu(AsOja.~- 

Buhlimes towards the end of the distillation of Schweinfurl greeny Imperial green^ Mitis green^ 
normal cupric acetate. According to Berzelius, and when mixed with gypsum or heavy spar, 
it is contained in green verdigris and sublimes Neuweider grceiif Mountain green. Used as a 
cn distillation. Soft loose white flukes which pigment, and prepared on the large scale by 
redden Utmus and have a caustic astringent mixing arsenious acid yith cupric acetate and 
taste. Decomposed by water, yielding normal water. 6 pts. of verdigris are made up to a thin 
oaprie acetate and cuprous oxide. ^ paste, and added to a boiling solution of 4 pts. 

The ncpnal cuj^t salt CuA'aaq is prepared or rather more of arsenious acid in 60 pts. 
by disso^ing cupric oxide or common verdigris of water. The boiling must bo well kept up, 
in hot a^tic acid, or by decomposing noimal lead otherwise the precipitate assumes a yellow-green 
acet^e with cupric sulphate. Dark-green nio- colour, from formation of copper arscnlte; in 
poolioic crystals (S.G. 1*9), efflorescent, soluble that case acetic acid must bo added, and the 
in 14 pts. cold and 6 pts. boiling water, sparingly I boiling continued a few minutes longer. The 
also in alcohol, insoluble in ether. The solution j precipitate then becomes crystalline, and ac- 
boilodwi^ grape-sufar yields a red precipitate quires the fine green colour peculiar to the aceto- 
of cuprous oxide. Cupric acetate cry'slaliiscd at arsenitc, Tlio salt is insoluble in water, and 
a temperature near 8 ° yields crystals contain- when boiled with water for a considerable time, 
ing CuA'jfiH^O. A solution of cupric acetate becomes brownish and gives up acetic acid, 
heated in a sealed tub«iat 200° forms crystallised Acids abstract the whole of the copper^ and 
ouprogs oxide and cupric ^lycollato (Caseneuve, aqueous alkalis first separate blu^ cupric hy- 
C. B, 89, 525). droxide, which when boiled with (£• uquid is 

Acid Cupric Acetate CuA'^HA^aq (Vil- converted into cuprousoxide,an alkaline arsenate 
tiers, 0. R, 85,1254). being foimod at the same time. 

BaslO eCupric Acetates. — These salts Didymium Acetate DiA' 44 aq. S.G. 1*883. 
may be regarded^acompounds of the normal salt S.V.S. 207*8.—DiA',aq. Bed needles. S.G. 
with CuO, as compounds of Ac^O with CuO, or, 2*237. S.V.8.160*6 (Cidve, 43, 366), 
by taking account of wafir of crystallisation, as Erbium Acetate EbA'|4aq. — Isomorphoui 
aoeto-hydrates, e.g .: Hrithtfidymium acetate (Thomsen, B. 6 . 712). 

Sesquitasiov •u0.2CaAV6aq» * Iron Acetates.—F’errous acetaU FeA^^da^, 

flCu 0 . 4 ^C 20 . 6 Aqa 2 CuA'( 0 H).CaA' 2 . 6 aq. obtained by dissolving iron or ferrous sulpbue 
Dibasic : CoO.CuA's 6 Aq » 2CttOA.o,0.6aq » in strong acetic acid, separates on oqnoentrailon 
2 (HO.Cu 496 aqi in small colotftless silky neodlee^ which distolta 



AGBTIO AOID. 

n^^ilt««tAMidaal(AI; absorb oxrgea from 
tiie air* i 

ia not kndwn In the solid state 
M a salt ot constant composition, Jhe dark 
red sointio* ^ fcrrio%jdroxide in acetic acid 
(Lvut^finitMietiei) oontait#a basic salt. The 
following iasic ferrio acetates have been dis- 
obtained by dissolving 
at 60° the Jerrio hydroxide from 1 pt. Fc in 10 
pts. acetic acid of 30 p,o. and evaporating at 
70 . Amorphous, soluble in alcohol and water 
pademans,/. 1868, p. 282).-Fe,A',(OH)„ pro- 
bably contained in the rea solution formed on 
beating Fe,ri'.(OH)Ci2 (infra) with silver oxide. 

Becoinea syrupy in a vacuum but does not 
crystallise j decomposes quickly at ord. temp,, 
tormiug an oohreous jelly (Scheurer-Kestner).— 
^®aAa{0H)(2Fe20s is the ochreous deposit 
formed in a solution of ferrous acetate exposed 
to the air. Other basic salts appear to be formed 
in the decomposition of the normal salt by heat 
or otherwise. A solution of ferrio acetate, quite 
free from other salte, is not ppd. by boiliuR 
(Beiuitzer, U. 3,257). ® 

Acetonitrates (Kestner, A. Ch. [3] 63, 422: 

68, 472; J". 1861, 307).—Formed by mixing so¬ 
lutions of ferric nitrate and acetate in various 
proportions, or by dissolving ferrio hydroxide in 
various mixtures of acetic and nitric acids. 

Mostly very unstable, decomposed by boiling 
with water.—FeA',(OH)jNOj forme deep red flat¬ 
tened prisms, very soluble in water and in alco¬ 
hol, insoi. in e^er.—FeA'^(0H)N034aq forms red- 
irown rhombic prisms, sol. in water and alcohol, 
locomposing on alight rise in temperature. The 
liformi-diaceto-nitrate Fe3(COH) . (OAo) j (NO,)j 
B very soluble in water and alcohol, insol. in 
ith^, very unstable. 

Acetochlorulem — FejA'3Cl3(OH)3aa is ob¬ 
tained on cautiously adding nitrio^id to a 
solution of FeOIj in acetic acid at 86°; also when 
ferric hydroxide (1 mol.), acetic acid (1 mol.), 
and hydrochloric acid (1 mol.) are digested ■ 
together at 40° for two or three days. Very hard 
crystals, black by reflected, red by transmitted 
light, very soluble in water. With silver oxide 
they yield ferrio triaoetate (K.; SchitI, A. Ch. 

[3J 66, 136),—FejA^iCf-. obtained by dissolving 
1 mol. feme hydroxide in a mixture ot HCl (2 
mol.) and CsHiO^ (4 mols.), or by oxidising ten ons 
ohlondo dissolved in very strong acetic acid 
with nitric acid. Yellowish-red crystals, sol. in 
water and in alcohol, easily resolved into acetic 
acid and Fe,A',(OH)Cl3. Heated at 50° for 
twe],ve hours witn silver nitrate, it is converted 
into ferric tehracelo-dmitrate : 

Fe,A',Cls 4 2AgNO, = 2AgCl 4 
^thanum Acetate LaA',llaq. — Small 
needles (CWve, Bl [2] 21,196). 

Lead AgAates, or Pbimbic Acetates. —The 
normal soft J’bAj3aq, Sugar of lead, Sel sac- 
eUrum Sofunif, [76°j S.G. 2-6.-Prepared by 
fii. oxide or earbonXte in aoetio acid 

(Wiohmann, JT. 1863, 738). 

iVopertics.'^AlonooUnio efflorescent crystals, 
easily voluble in water and in spirit of ordinary 
^engtt, insoluble in Gold absolute alcohol, epm- 
l>y prolonged boiUng with ab- 
JiSPnleohol. An aqueous solution saturated at 

l6°%pntalns887'623g.BaltinaUtro,andhasaden- 

»>>y <4 {Mkdwl ».*Kr8ft, /. 1064, p. 996). 


•Denstte of the Aqueous Solution at 14*. 
(Oudemans, 7, 419 j J. 1868,29.) 
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Normal lead acetate melts at 75°, begins tc 
give off water with a portion of ita ooid a little 
above 100°, and is completely dehydrated at 280°, 
Above that temperature it decomposes, giving 
off acetic acid, carbonic anhydride, and acetone, 
and leaving metallic lead very finely divided and 
highly combustible. The aqueous solution is 
partially decomposed by the carbonic acid of 
the air, carbonate of lead being precipitated, and 
a portion of acetic acid set free, which prevents 
further decomposition. The solution is not pre¬ 
cipitated by ammonia in the cold, but yielda 
crystals of lead oxide when heated with a large 
excess of ammonia. Normal lead acetate forms 
crystalline compounds with chloride and peroxide 
of lead (Cm. 8, 310). Bromine added to a solu¬ 
tion of the normal salt throws down a brown 
precipitate of PbOj, which, if the liquid be 
warmed, oontinues to form till 2 at. Br have 
been added to 2 mol. PbAV The solution then 
contains lead bromide and acetic acid; 

2PbA', 4 2H,0 4 Brj - PbO- 4 PbBr, 4 4HA’ 
(Chapman a. Smith, G. J. 22', 185). 

Basie Load Acetates. — PbjA',(OH), 
formed by repeatedly drenohing the normal salt 
with absolute alcohol; the residue crystallises 
from hot absolute alcohol in nacreous six-sided 
plates, easily soluble in water, sparingly in cold 
alcohol (Plochl. B. 13, 1647).—PbA',Pb028q. 
Lead-vinegar, Acelum Saturni. Prepared by 
dissolving litharge ia the aqueous normal salt, 
aud evaporating at a gentle heat, whereupon it 
crystallises in needles. According to Wittstein 
(A. 62,253) the crystals contain only 1 mol. H,0. 
Easily soluble in water aud in alcohol of 90 p.c. 
Keaots alklilinc. Decomposed by COj, A so¬ 
lution of this salt mixed with alcohol forms 
Goulard's fofiou.—PbA',2PbOaq, obtained by dis¬ 
solving PbO in normal lead acetate, or by mixing 
a solution of the normal salt with ammonia. 
Crystallises in silky needles, soluble in 5-65 pts. 
water ot 100°, insoluble in absolute alcohol 
(Payen, A. 2r>, 124; A. Ch-H] 8, 6; LSwe, /. 
pr. 98, 385; J. 1866, 235). * f 

An Aceto-chloride ClPbA' is formed by heat¬ 
ing recently precipitated lead chloride with nor¬ 
mal lead acetate and aoeUo acid at 180°, and 
crystallises in monocliaio prisms. Decom^ed 
by water into lead chloride and the mote soffble 
salt PbA'jClPbA'. The analogous compounds, 
BrPbA' and IPbA' obtained in uke manner, form 
small monocliaio crystals (Carius, A, 12g, 87), 
Sodio- and Potassio-plunibic Acetates .— 
PbA'jNaA'^-aq. Monoolinio oifAala (Hamm^. 

, berg, J. 1855,603).-Pb#j2Pb04KA' ia formed on 
baddinjf potash-lye (S.G. 1'06) with agitation to 
' a boiiiiig solution of normal l^d acetate (S.G. 
1'26 to 1‘80). Crystalline pulp, inodeiatoly so¬ 
luble in water (Taddei, J. 1847-8, 648f. 
Aceto-formaie (GH02)Pb,(C2H,0s),2aq. 



ACEnO AOH). 


Nsedlsg, easily solable in rater, spariogfly in 
alcohol (Fldchl. S. 13,164a 

Lithiiun Acetates. —'LiA'Saq. Bhombic 
prisms [c. 70°]. Dissolves in less than ^ pt. 
water at 16°; in 4-64 pts. alcohol of density 0'81 
at 14° ^Idsch. Zeiischr.f. Phydk, 4,108). Ac-' 
cording toltommelsbcrg 66,23t), ^e crystals 
contain only 1 mol. HjO.—IiiA'HA, obtained by 
spontaneous evaporation oi a solution ol the 
normal salt in glacial acetic acid [99°]. Bo- 
tstes on water. Dnder somewhat different cir¬ 
cumstances it crystallises in small fonrrsided 
plates, containing Aq and melting at 85° (Les- 
coenr, Bl. 24, 616). 

Magnesium Acetate MgA'^daq. — S.G. 1-45 
(Schroder). Monoclinic, slightly deliquescent, 
very soluble in water and in alcohol (v. Hauer, 
J. 1855, 601 j Patrouillard, C. B. 84, 563). 

Manganous Acetate MnA'.^daq. — Pale red 
transparent monoclinic plates, permanent in the 
air, solable in 3-3-6 pts. water, also in alcohol. 
S.G. 1-6 (SchrSder). 

Acid Sal<MnA'.,HA'2aq (VUliers, Bl. 30,177). 

Matuianic Acetate MnA'.,2aq.—Brown crystals 
(Otto, A. 93, 372; Christensen, J.pr. [2J 28,14). 

Mercury Acetates.—1. Hg AV Obtained by 
precipitation. Micaceous scales. S. -76 at 13°. 
—HgA',. Brilliant micaceous laminie. S. 25 at 
10°, 36 at 19°, 100 at 100°. Dissolves with par¬ 
tial decomposition in 17-7 pts. alcohol (S.G. 
•811) at 19° (Got. 8, 33-2).—An aceto-sulphide, 
HgA'jHgS, is precipitated, on passing IBS into 
a solution of mercuric acetate, as a white crys¬ 
talline powder.— Mercuro.diamm(mium Acetate 
N,H,HgA'5H,0. Bcetangular plates; easily so¬ 
luble in water, nearly insoluble in alcohol; 
smells of acetic acid, and decomposes gradually 
on exposure to the air (Hirzel, J. 1851, 437). 

Miclcel Acetate.—Apple-green prisms, soluble 
in 6 pts. cold water, insoluble in alcohol (Hup- 
puti, A. Ch. 78, 164). 

PotasBinm Acetates. — Normal salt KA'. 
Terra foliata tartari.—S. 188 at 2’; 229 at 
13-9°; 492 at 62° (Osann). A boiling saturated 
lolntion contains 8 pts. salt to 1 pt. water, and 
boils at 169° (Berzelius), Soluble in 3 pts. cold 
ana 2 pts. hot alcohol. Exists in tmany plant- 
joices. White, difficult to crystallise, extremely I 
deliqntscent, insoluble in ether. Chlorine passed 
into its aqueous solution liberates COj and forms 
a bleaching liquid. On passing an electric 
current through a concentrated aqueous solu¬ 
tion ol the salt, hydrogen is evolved at the 
negative pole, and at the positive a mixture ol 
ethane%nd CO-. Ifie principal decomposition is; 
2(CH,.CO.,H) = C-H, + 2CO, + H., methyl oxide 
and acetate being secondary products (Kolbe, A. 
69, 267). On passing CO^-gas into a solution of 
tbs salt in alcohol Sf 92-100 p.c., a large quan- 
ti(JW potassium carbonate is thrown down, and 
ethyl acetate is formed (Felouze, A. 6, 206). 

Add Potassium Acetate KA'HA' is formed 
when ^fae normal acetate is evaporated with an 
excess ot strong acetic acid, and separates in 
needles or lamittie, or in long flattened prisms. 
Very deliquescent; ^elts at 148°, and de¬ 
composes at 200°, giving off pure AcOH. Thi| 
affords an easv method of obtaining (glacial 
acetic acid. * Acid potassium acetate is also 
formed When the normal salt is distilled with 
butyric or valeric acid; but neither of these 


acids decomposes tha salt thns produced. Eenc 
when butyric or valeric aciaia mixed with aceti 
acid, a separation more or less complete may b 
effected iby half neutralising the liquid wit 
potash and distilling. B theeacetia acid is ii 
excess, acid potas^m acetate al&e remains be 
hind, the whole of the butyric or vaWio acii 
passing over, together iKth the remaindernot tb 
acetic acid. If, on the contrary, the other acii 
is in excess, it passes over unmixed with aceti 
acid, and the residue consists ot potassiun 
acetate mixed with butyrate or valerate. By re 
peating the process a certain number ot times 
either on the acid distillate or on the acid sepa 
rated from the residue by distillation with sal- 
phuric acid, complete separation may be effected 
Acetic acid, therefore, is an exception to the rule 
that when a mixture of fatty acids and their po. 
tassium salts is boiled themost volatile acids distil 
over (Liebig, A. 71, 356).—KA'2HA' [112°]. S.G 
1-4. Deliquescent plates (Lesceeur, Bl. 22,156), 

Anhydrous Potassium Diacetate or Potas¬ 
sium Pyroacetate KjC,H,jO,»=2KOAo.AOjO, pre¬ 
pared by dissolving melted KOAo in boiling 
acetic anhydride, forms colourless needles very 
soluble in water, less deliquescent than normal 
potassium acetate. Decomposed by heat, giving 
oft Ao,0 (Gcrhardt, A. Ch. [3] 37, 317). 

Bbodium Acetate BhA',24aq (Claus, /. 1860, 
213). 

Bubidium Acetate BbA'.—Flatcs (Grandeau, 
J. 1863,184). 

Samarium Acetate SmA',4aq.—S.G. 1-94. 
S.V.S. 205-6. Yellow crystals (Clive, Bl. [2] 43, 
171). 

Silver Acetate AgA' (S. 1-02 ot 14°) sepa¬ 
rates on mixing the concentrated solutions of 
AgNO, and NaOAc. Dissolves in hot watei^ and 
on cooling separates as nacreous flexible laminae. 
Heated with iodine it is resolved into silver 
iodide, methyl acetate, hydrogen acetate, CO„ 
acetylene,and hydrogen (Birnbaum, A. 162, 111). 
When dry, it combines with NH„ forming 
AgA'2NH, (Ecychlcr,^. 17, 47). 

Sodium Acetates. — NaA'3aq. [68°] (128°). 
S.G. 1-4. S. 26 at 0°, 42 at 37°, 69 at 48° 
(Osann). S. (alcohol ol S.G. -8322) 2-1 at 18°. 
Crystallises with OH^O in monoclinic prisms, 
melting below 100°. According to Beischauer 
(/. 1800, 60), the crystals give oft the whole of 
their water in a vacuum at ord. temp. The 
fused salt in damp air quickly takes up about 
7H-0, forming a supersaturated solution, whereas 
the'unfused salt takes up from the air only the 
original 3H.,0. When the aqueous solutipn of 
NaA' turns mouldy, oxygen is absorbed, and small 
quantities ot alcohol and formic acid ace pro¬ 
duced (Bdehamp, Z. 6, 438). 

The S.G. of solutions containing the follow¬ 
ing percentages ot NaA'is given l^f ranz {J.pr. 
[2] 5,297) as follows: _ 
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The S.G. (&a saturated solntion being l'184l. 
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Acid Bodium {VillierB, Bl. 29,163; 

8U, 176; 0. B. 86, IKi ; liescosnr, Bl. 22, ISfi). 
—ITaA'j^'aq. Cubic (Fehling).—NaA'2^' or 
N»A'2HA'sq. Long neodlee. [127°]—• 
6NnAtfHA<6aq.-»4NaA'HA'Haq.- 
» ^NaA'2HA'18%. 

Hie threa'last are, perbws, mixtures. 

Stwntium Acetates 4)iA', ^aq.—Below 15° 
it crystallises with 4Aq in monoclinic prisms. 

An oceto-mimte NO^rA'^HjO forms triclinic 
crystals (Hauer, J, 185$, 281; Zepbarovicb, J. 
1660, 309). Tilliers {Bl. 30,176) describes the 
following acid acetates; 

SrA'sHA'2aq. 8SrA'j4HA'6aq. 2SrA';3HA'Uaq. 

niaUium Acetates.—Tfeiitoiw acetate TIA'. 
White silky needles, easily soluble in water and 
in alcohol, and deliquescent (Crookes, C. J. 27, 
149). 

Add Salt TIAIHA' [64°] (Lesetsur, Bl. 21, 
616). 

Boiia Thallic Acetate TIA', 2T1 (OH), l^aq. 
Colourless plates, readily resolved into acclio 
acid and thallic oxide. 

Tin Acetates.—Tin dissolves slowly in boiling 
acetic acid, with evolution of hydrogen, and stan- 
, nous hydroxide dissolves readily in the boiling 
acid, the solution when evaporated to a syrup 
and covered with alcohol yielding small colour¬ 
less crystals. Stannic hydroxide also dissolves 
in the acid, the solution when evaporated leaving 
a gummy mass. Stannic chloride forms a crys¬ 
talline compound with glacial acetic acid. 

ITrauium Acetates.—Drujions acetate. Warty 
groups of green needles.— Uranic acetate or 
Uranyl acetate VO^\, obtained by beating 
uranic nitrate till it begins to give off oxygen, 
dissolving the yellowish rcd mass, which still 
conteins NO,H, in warm concentrated acetic 
acid, and evaporaiing to the crystallming point. 
Crystallises from strongly acid smutions in 
yellow transparent monoclinic prisms,containing 
UOA'z^aq, which dissolve in boiling water with 
separation of X10„ bat are reproduced on evapo¬ 
rating the solution. A weaker solution cooled 
below 10° deposits quaoratio octahedrons of 
tJOA'jdaq. which give off 1 mol. II.,0 at 200°, the 
rest at 276°. Double Solis.—NH,A'UO,A'.,3aq, 
NbA'UOjA', (regular tetrahedrons), and 
EA'UO.A',aq (quadratic prisms), are obtained 
by adding the respective alkaline carbonates to 
a solution of uranic acetate till a precipitate is 
formed consisting of alkali-metal uranate, redis- 
solving this in a slight excess of acetic acid, and 
cooling to crystallisation. The other doable 
sal^ of the group are formed by boiling the 
carbonates with uranic acetate till all the UO, 
is precipiitated, redissolving in acetic acid and 
evaporating.—BaA',2UO,A',6aq. Small yellow 
c^stallina spangles, easily'soluble in water; 
give oft tb*k crystal-water at 276° (Wertheim, 
J. pr. 29, 227).-CaA',2UO,A',8aq. Sulphur- 
yellow rhombic crystals, easily soluble in water, 
permanent in the air, becon^g anhydrous at 
200° (Weselsky, J.pr. 76,66).—CdA',2tIOA'i6aq. 
Diohroio orystali.—PbA'.TJOA's 6»q- Tufts of 
pale toUow needles.—MgA',2UO,A', 8aq. Eect- 
angu^ prisms.—NiA',2UOA'« 7aq. Emarald-( 
gfe^irbombic crystals.—SrA',UO,A', 6aq.*Sul- 
p«-yellow 0tjstals.-ZnA',2OO,A', 8aq. Sul- 
pbmr-ysUow orystalB, isomerphoos with the 
nickel sah. ' 


UnA'2UO,A', Oaql PeA',TIO,A', 7aq. 

T]A'2UO,A', 2aq. - LiA'UO,A', 3aq. 

BeA',ITO,A', 2a^ AgA'IlO^A', aq. 

Zinc Acetate.-ZnA', 3aq. [238°-257°] S.C 

1- 72.—ZnA', [242°] S.G. 1-84.—MonooUnio It 
l^inB. Very soluble in water. May bnahblime 

ns ZnA',, espclially injoacuo (FrancBunont, 1 
12, 11). ZnA', may he crystallised, in anhy 
drons state, from HOAo (Peter a. Boebefontaim 
Bl. [2] 42, 673). 

Yttrium Acetate YA', 8aq(?).—Isomorphon 
with the acetates of didymium and erbiun 
(Clfve). 

ALKYL ACETA'fES. Acetic Ethers. 

Methyl Acetate C,I1,0, or MeA'. M.w. 74 
(55°) at 754-4mm. (B. Sehiff); (50-3°) at 7C0mm 
(Kopp); (57’3°) (Garlenmcister); (57'5°) a: 
700 mm. (Elsasser, Perkin). S.G. J ‘9043 (G.) 

2 •9577 (E.); « -9398 (P.); v" -9039 (Briihl): 
25 -9286 (P.); V -8825 (S.). V.D. 2-663 (foi 

2- 564). C.E. (0°-10°) -00133 (G.) ; -00136 (E.). 
S. 33 at 22° (J. Traube). S.V. 83-66 (S.); 83-2 
(G.); 83-77 (E.). pe 1-3654. E* 28-78 (B.). 
H.F.p. 90,720. H.F.V. 94,980. M.M. 3-362 at 
22° (P.). 

Occurrence. —In crude wood-vinegar (Weid- 
mann a. Schweizer, P. 43, .593). 

Preparation.—1. By distilling 2pf5. wood- 
spirits with Ipt. very strong acetic acid and Ipt. 
strong sulphuric acid, removing the excess of 
wood-spirit by moans of fused calcium chloride, 
and rectifying over sodium carbonate (Dumas a. 
Peligot [1836], A. Ch. [2] 58,46). 2. By heating 
H,SO, (50 C.C.) and MeOH (60 c.c.) to 140° and 
running in slowly a mixture of ^ual parts of 
MeOH and HOAo (Pabst, Bl. [2] 38,850). 8. By 
distilling 3 pts. wood-spirit with 14-5 pts. dried 
lead acetate and 6 pts. strong sulphuric acid, 
agitating the distillate with milk of lime, treating 
the supernatant oil with calcium chloride, and 
rectifying (Kopp, A. 55,181). 

Properties. — Colourless fragrant liquid. 
Soluble in water; mixes in all proportions with 
alcohol and ether. 

Beactio»s.—l. Aqueous solution only slightly 
decomposed by boiling.—2. Besolved by caustic 
alkalis inW methjl alcohol and acetic acid.—3. 
When poured on pulverised soda-lime it is 
violently decomposed, with formation oLsodium 
acetate and formate, and evolution of hydro¬ 
gen.—4. With sodium it reacts like ethyl acet¬ 
ate (q. 0.), yielding as chief products sodium 
methylate, NaOCII, and methyl sodio-aceto- 
acetate, COMe.CHNa.COOMe.-^6. Decemposed 
by strong sulphuric acid, beAtming hot, giving off 
acetic acid, and forming methyl sulphuric acid. 

Chloro-methyl Acetate CHjClOAo (115° 
i.V.). S.G. ll.n-195. V.D. 8-70 (for 3-74).—Made 
by passing chlorine i%to llethyl acetate at 10°. 
An oil. Slowly decomposed by water, quickly by 
alkalis, giving HCl, HOAc, and formic aldehyde: 

CH,Cl(OAc) + 2KOH= 

CH,0-vH.,0 + KCUKOAo. 

With alcoholic KOAcit gives methyliSie acetate, 
CH,(OAc), V . formic aldehyd# IjB. Henry, B. 6, 

^Di-ehloro-methyT Acetate CHCls.OAo 
(146V148»), S.G. 1-26, is formed by passing dry 
chlorine through methyl acetatoM a gentle heat. 
GoloarlesB, pungent-smelling Uqnid. liecomposed 
slowly by water, quickly by aqueous potash, 
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■iMkoU« poUib, jleldiag iormie, 

uwtioi ud h;rttro«UoiM MidB, 

CH01,(OAc)+feoH- 
CH,(0K)6 + HjO+2K01 + KOAa 
(Mslagnti, A. 33,47). 

TriiiJorinated Methyl Acetate 
C^CljOj {146»). Lanrwt, A. Ci [2] 78, 25. 

Per-chlorinated Methyl Acetate 
CCI,.O.CO.CGIj. Formed by prolonged action of 
Cl on methyl acetate v. <n-OHi,oRo-ACETio Acn>. 

Ethyl Acetate 0,11,0, or Et.4.'.—Acetic 
ttScr. M.W. 88. (75-5"-7C-5'’) at 745-6 mm. (R. 
Scliiff) i (77-l°) at 7C0 min. (Elsasser) j (77-6°) 
(Oartenmeister). S.G. g -9253 (G.); s •92;!9 (E.); 
V -9007 (Briihl); ^5 -9072, p •8974 (Perkin); 
'f* ■8306 (8.) V.D. 3-087 (for 3 079). S.H.-48. 
C.E. (O^-IO”)-001263 (E.). 8.6 84 17-5°. S.V. 
105-7 (S.): 106-1 (0.); 106-15 (E.). 1-3771. 

K« 35-46 (B.). H.F.p. 114.710. H. F.v. 112,290. 

i'anmtion, —(Lauragais, J. d. S^amns, 1759, 
324; Thenard, Mfirn, d’Arcueil, 1,153; Dumas 
a. Bonllay, J. Fh. 14,113 ; Liebig, A. 6, 84; 30, 
144; Malagnti, A.Ch. [2] 20,307 ; [3] 162,58). 

1. By heating alcohol with acetic acid or with 
an acetate and strong sulphnric acid. 2. By dis- 
tilling calcium or potassium ethyl-sulphate with 
glacial acetic acid (Liebig). 

Freparalion. —1. By distilling a mixture 
of 8 pts. potassium acetate, 3 pts. absolute 
alcohol, and 2 pts. sulphuric acid; or 10 pts. 
sodium acetate, 6 pis. alcohol, and 15 pts. sul¬ 
phuric acid; or 16 pts. dry lead acetate, 4| pts. 
alcohol, and 6 pts. sulphuric acid. The acid is 
first mixed with the alcohol, and the liquid is 
poured upon the pulverised salt; the mixture 
is then distilled to dryness, and the product is 
purified by digestion with calcium chloride and 
rectification.—2. Frankland a. Duppa prepare 
ethyl acetate by gradually pourirg a mixture of 
3-6 kilo, of 97-p.c. alcohol, and 9 kilo, strong 
sulphnric acid, on 6 kilo, sodium acetate pre¬ 
viously fused and dried, leaving the mixture at 
rest for 12 hours, then distilling and rectifying 
the distillate (which is free from alcohol and 
amounts to 6 kilo.) over fused and pulverised 
Oalcitm chloride. The best mode of Aiiixing the 
alcohol and sulphuric acid is t6 pour the alcohol 
throngh-a narrow glass tube to the bottom of 
the vessS containing the acid, stirring the liquid 
continually by means of the tube. It is best to 
leave the etbyl-sulphuric acid thus formed for 
24 hours before pouring it on the sodium acetate. 
8. A mixture of alcohol and acetic acid in 
molecular proportions is allowed to run into sul¬ 
phuric acid at 130°, whereby ethyl-sulphuric acid 
is first formed, and this with the acetic acid 
forms ethyl acetate, which distils over, leaving 
the sulphuric acid to Se further acted on by the 
alcctmL By this process 10 g. sulphuric acid 
yield 232 g. ethyl acetate (Eghis, JS. 6,1177; 
Pabst, SI. [2] 38, 350). 

Properties.—Colourless fragrant liquid. So¬ 
luble in*ir pts. water at nrd. temp.; dissolves 
•086 pts. of watgr^ freely miscible with alcohol 
and ether. 


Seactwns. —1. Sums with yellowish flame. 
t. By dilute chromic acid it is oxidisad to 
acetic acid 0,, = 2C.,H,0, (Chapman a. 

Thorp, 0. J. 19, 484).—8. Permanent in the air 
when dry, but gradually decomposing when moist 
into alcohol and aociic acid; more quickly inJ 


contact ^ih by bcatii^ 

with sv^Auric acid into eniyl oxide and a^th 
acid; with hydrochloric octdinto acetic aoid ano 
ethyl ol)fcride.— 6. The Vapour passed over line- 
I dust at 800®-3SO° gives %cetofie-C®, hydrogen 
and ethylene (Jam, S, 18,2107).— 6. With lime 
in sealed tubes at 260°-280'' it yields butyrio 
said as chief product, d^Icium acetate and ethy¬ 
late as intermediate products : 

2CaO + 2EtOAo=Ca(OAc). + Ca(OEt),- 
Ca(OH), + Ca(0,H,Oj), 

(Lubavin, SI. [21 34, 679).—7. With alkaline 
hydroxides it yields acetic acid and ethyl alco¬ 
hol ; with the anhydrous oxides, acetic acid and 
a metallio ethylate: 

2EtOAc -f Ba(OH),=Ba(OAc)., + 2EtOn; and 
2EtOAo+2BaO ~ Ba(OAc)j + Ba(OEt), 
(Berllielot a. Flourieu, A. Ch. [3] 17, 80).— 
S. With a mixture of lime-water and chloride of 
lime (bleaching powder), it yields ohloroform 
(SehlagdenhaulTcn, J, Fh. [3] 36,190).—9. With 
alcoholic KIIS it forms, on heating, KOAo and 
II-S, but no mercaptan (C. Gottig, j. pr. [2] 33, 
90).—10. With sodium-elhylate, forms, at 130°, 
sodio-aceto-acctio other. — 11. Ethyl acetate 
heated with sodium dissolves the metal, and the 
whole solidifies to a cry.stalline mass of sodium 
ethylate and ethyl sodio-aceto-acetate 0,n„NaO,. 
The reaction is either 

2(aH,.O.Ac) + Na,=NaOCJH, + C„H,NaO, + H,; 
or 3(C^,.O.Ae) + Na,=3NaOC.,H3 + C,Il,NaO,. 
The quantity of hydrogen evolv^ varies con¬ 
siderably according to the temperature and pres¬ 
sure at which the reaction takes place, and the 
proportions of the materials used; sometimes 
no gas is evolved (equ. 2), and under no circum¬ 
stances yet observed is the quantity of hydro¬ 
gen evolved exactly equivalent to the sodium 
dissolved, as required by tin first equation. 
Probably, therefore, the two reactions generally 
take place together (see, further, AcKTo-ACaTio 
Aom).—12. With iodine and aluminium foil ethyl 
acetate yields ethyl iodide and aluminium ace¬ 
tate, 6EtOAo-eAlj-f.S^=6EtI +Al,(OAc)„ and 
a similar reaction takes place with all the alkyl 
acetates of the scries C„H2„q.,OAo (Gladstone a. 
Tribe, C. J. 30, 357).—13. Ethyl acetate com¬ 
bines with titanic chloride in various propor¬ 
tions (l)cmarvay, SI. [2] 20,127; C.B. 70, 1414). 

ChI/Okihaivd Ethjl Acetates.—C hlorine is 
abundantly absorbed by ethyl acetate, and acts 
strongly upon it, even at ordinary temperatures, 
replacing two or more atoms of hydrogen; the 
action is acceleiatcd by heat and by direct sun¬ 
shine. Seven compounds have been described 
as thus formed, containing 2 to 8 at. chlorine in 
place of hydrogen, but only threo of them have 
been obtained of constant composition, riz., 
those containing 2, 3, and 5 at. chlorine. 

Diclilorethyl Acetate 0,11^1,0, «.«. 
OjHj01j,C,H,Oj is the product formed when ethyl 
acetate is kept cool and in the shade during the 
action of the ehibrine. Transparent oil. S.G. 
8-01 at 12° (Malaguti, A. Ch. [2] 70, 367). 

Trichloro-ethyl-acetate 8Kl0i,.CH01.OAat 
metamerie-with ethyl tri-esam/a-usatam (;..«.) 
bis fsgned by the action of ehibrine at 1W°, In 
presence of iodine, on ethylidene aceto-ohAindf, 
CH,OHaOAo (Kessel, S. 10,1999). \ 

-CCl,.Ctf.OAo (72°) at ISnun., (167°) at 786iffla. 
S.G. 52 6-89 (for 8-68). From tri- 

a^ra.athyl alo^d and AoOl at 180°, Beatified 
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Mt «><»(« (aitra«ibBi<ThanU«kli, i. SIO, C3). 

' ytadniRNO, con-l^g it, at 15*, into tri-iShloto^ 
aa^tici acid; KOH torma tri-oliloro-ethjl-glTcol- 
li« acid, CCl,.0^.O.CH,0O,a 

Oeto‘Chloclnatfd Ethj/l ^Acetate 
C,0I,O, ».f. 0.^,0i01,02 i|* slowly formed oi* 
exposing the diohlormsted ether, together with 
ohiorine, at 100° to lipght snmmer sunshine. 
The product, after distillation in a stream of 
carbon dioxide to remove excess of chlorine, 
forms a colourless pungent oil which remains 
liquid below 0°. S.G.1'79 at 25°. Boils, with 
partial decomposition, at 245°. Its vapour 
passed over fragments of glass heated to 400° 
IS oonverted into the isomeric compound chlor- 
aldehyde C,C1,0 «> 0C1,.C0C1. It is decomposed 
by water and moist air, and more completely by 
KOH, into hydrochloric and trichloracetic acids: 

C,CI,.0,01,0, + 2H,0 = 2H01 + 2(001,.CO ,il) 
(Iieblane,Xl.C/t.[3J10,197; Malaguti,45.15,258). 

The following chlorinated acetic ethers are 
also known; the compound of aldbiiydb with 
AoCl, oiiYCoi, chloro-acetin, and the ethyl salts 
of the three chcobo-acetio Aom-s. 

Bbomihated- Ethyl AcsTATiiS C,H,Br,0,= 
CH,Br.CO.OCHBr.CH, (bromethyl bromaeotate), 
formed on heating etliylidene acetate-oblorido 
OHMeCl(OAo) with bromine at 100^-103°, boils 
undcrreducod pressure atl30-135°,and di.ssolvos 
in boiling water, with formation of aldehyde, 
acetic acid, crotonaldehyde, acetal, ethyl bro¬ 
mide, and HBr. The crotonaldehyde and acetal 
are secondary products formed from acotaldo- 
faydo, produced in the first instance as shown 
by the equations: 

CH..Br.CO.OCHBr.CH, + 0.11,OH = 
CH,Br.COOC II, + CH,.CliHv(OH) 
and CH,.CHBr{bH) = HBr + CH,.CHO. 
ffri- and Tetra-braminateil Ethyl Acetntes 
CjH.BrjO, and CjHjBr.O,, formed bj*the action 
of 1 or 2 mol. bromine at 120° and lliO°, respec¬ 
tively, on 0,H,Br,0„ and freed from ahsorbod 
HBr by hc,ating in a stream of carbon dioxide, 
are oily strongly fuming liquids, partly decom¬ 
posing on distillation ; dxeomposed also by water 
and alcohol, the products containing substances 
which reduceammoniacal silver solution, whence 
it appears that both these ethers produce 
aldehydes. The fentahraminah'd coinpoiind 
0,H,Br,O„ probably CH,Br.CO.OCBr;.ClIl!r,, 
formed by heating 0,n|Br,0, with 1 mol. bro¬ 
mine at 170°, is a liquid which sc.arccly fumes 
in the air (176°). Its product of decomposition 
by water does not reduce ammoniacal silver so¬ 
lution. Heated with excess of bromine, it forms 
(195°-198°) (Kessel, B. 10, 1994; 11, 
1917). Other brominated acetic ethers are 
OHjCHBr.OAo v . Aldehyde, CH,Br,CH,.OAo v. 
Glycol, and the ethylio Bkosio-aoetates. 

Ethyl Orthp-aeetate CH3.C(OEt),.—Triethylic 
acetate; (ft!°), S.G. u ‘94, formed, together 
with CH,0LC(6Et)„ by heating CH,.CC1, with 
NaOEt in a sealed lube at J)10°. Eragrant 
liquid, Heoomposed by water into alcohol and 
acetic acid (Genther, J. 1870, 636). 

The aeetate“f the higher alkyls, 0„II,„+„ 
ate analogous in their properties and reactions 
t^t^ acetate, and are obtained, in like ftan- 
ovtjftin by heating the corresponding alcohols 
witlgiacatio and sulphuric acid, or by the action 
Ul'tilYer ooetats on the oorrespgltding alkyl 


Iodides. 

points and their S.g. to the liqu id 


state. 
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Propyl Aeetatet OJ^Jto 
Kormni Propyl acetate 
Mc(Cri,)»OAo or PrOAo 
laopropyl ac^to 
l£e,CJ£.OA?orPrOA^, 

Butyl Acetatft C.HaOAo: 
Normal Primary; 

Mei CH,),OAcor 
Oir.PrOAc .... 
laoprlmiurv :irc,CirC'H,.OAo l 
orCU,i?rOAc . . f 

Secondary: Methyl ethyl ) 
ciirbvl acetate [ 

McEtCH.OAo . . ) 

Tertiary; TriDJctliyl-oarhyl i 
acetate CMc,.OAo. . ) 

Amyl A(et/ttetOtJJ,xOAa t 
Normal Primary: 1 

Me(CH,)«.OAo . . [ 

Isopriinary: | 

Mf,€H(Cff,)*OAc. . f 

Sccoudary : Diothyl - oarbyl) 
jicctfite EtjCII.OAo J 
Mcthyl-isopn»pyl-ciirl)yl > 
acetate MePrCJfOAo | 
Methyl-prupyl-carbyl ) 
acetate AtelMJIiOAc ) 
Tertiary : Dimethyl • etliyU] 
carhyl acetate jMe,EtC.O.\o J 

Heryl Aeelatei O^HmOAo : 
Normal Primary j 
Mo((JH,),OAc . , , 

Secondary : Mothyl-bntyU ) 
carhyl acctatdj t 

Mo(OIf,)aCH Mc.OAo ) 
Metliyl-tcrt-biityl-f*arbyl \ 
orPinacolyl acetate [ 
Mc.CHOAe.CMf, . ) 
ElhyUpropyl-carbvl \ 
acetate KtPrClJOAc J 

fffptyl AectaUt: 

' Normal from n hciitane 
Do. from (Euanthol , , 

llftliyl-aniyl-carbvl acetate l 
Me(C.H„)ClI.OAo . f 
Melhyl-iijo-atnyl-OHrbvl ai'c-1 
tato Mc(C,ir„)C]i.O.Yc } 
EtUyl-i.uo-lnitvl-carhvl acc-» 
tatel<:t(C*H,)CHOAo. / 

Aertates: 

Normal (fromoU of | 
I/fntclnm) ... I 
Mcthyl-hcxvi*<*arbyl acetate i 
llciC,n„)CfI.OAo . / 

Eiinyl Acrtales: 

Prom Eimane in putroleum . 
EtiiyMicTvUoarhvI .acctiite ) 
KHC.11„)CH0 Ac . ; 


Norma!C,oll„OAc. OrystaNl 
line. (,1^5') at 15 mm. £ 

Bodt'cyl AeeMe I % 

Normal C,aH„OAo. Solid. \ 
(151*^) at 15 mm. , / 

Ctfyl AccMt: 

Cj«TI„OAo. Needles. £18-5*] [ 
(200'^) Rt 15 mm. « j 

Oetadfoyl Aottaki 0 
0„n„0Ao. [31®] (283®) at) 

15 ^m. . . , i 

lso<ery\Atitaltot 
0„FhOAo [57®] a . , 


B.P. 

103® 

90®-93® 

124® 

116*6® 

Ul® 

96'' 

148-4® 

137® 

132® 

125 ® 

133® 

125® 

169-5® 

156®-16r® 

H0®-143» 

160® 

180 ® 

192 ® 

17U® 

167® 

163® 

207® 

192® 


210 ® 

211 ® 


#• 


8 . 0 . 

0-9J8 atO® 


0-9016 , 
0*8598 * 
0*892 . 


0-8981 . 
0-8837 ^ 
0-9090 „ 

0-9222 ^ 

0-8909 « 

0*8890 at If 
0-8778 at 0® 


0*874 at M® 

0*860 at 13® 


0-872 at It® 


0*878 



ACEHG AjBH). 


Aufi juwm «• jojs.Yt, Aoziim 

VM 117 I Aoetatt V. Paaxw. 

•Boiiyl Acetate v. BESAtf aoetatii. 

Kethylane Si-aeetate v. Foiono aiiDebtss. 

Sthylene Aeetetei v. Gltooii. 

Volyeli^rleaia Aoetatea «, Oltool. 

Xtliylene Aoeto-batyrate v. Gl&ol. 

Xthylene Aoeto-eUortde v. Gltool. 

Propylene Acetate v. FBOFrLXNE-oi.Yaoh 

Bntylene Acetate v. Oxy-buiames. 

Amylene Acetate v. Oyy-pebtames. 

Glyceryl Acetatee v. Glvcebin. 

Substitution products of Acetic Acid v. 
BnoMO-ACETio ACIDS, Chlobo-aceiic acids, loon- 
aoeho acids, Cyaeo-acetic acid, Sclfho-cyaeo- 
ACETIO acids, SBIPnO-ACEIIO ACID. 

Other derivatives of Acetic Acid v. Acetyl 

BROMIDE, BbOMO-ACETYL BROMIDE, ChLOBO-AOETYL 
BBOMmS, CYANO-AOETYL BROMIDE, AOETYL CYANIDE, 

Acetyl chloride, Acetyl iodide, Di-Azo-Acuno 
ACID. H. W. 

ACETIC BBOSIDE v. Acetyl bromide. 

ACETIC CBXOBIDE ti. Acetyl chloride. 

ACETIC CTAEIDE v. Acetyl cyanide. 

ACETIC IODIDE v. Acetyl iodide. 

ACETIC OXIDE OT AHHYDBIDE C.HjOs or 
Ao,0.— Acetyl oxide, Acetic acid, Anhydrous 
acetic ocid.—M.w. 102. (137’8°) at 755 mm. 
(Kopp.); (44’6) at 16 mm., (136-4°) at 760 mm. 
(Kahlbaum). S.G. 4 1-097, 1-799 (K.): 

1-0816 (Brtthl). V.D. 3-47 (for 3-51). ju« 1-3953. 
It* 36-82 (B.). H.F.p. 132,850. 1I.F.T. 130,820. 

Formation. — 1. By tho action of phos- 
phoms trichloride or oEj-chloride on potassium 
acetate, SKOAc + POCI3 = BijPO, + 3AcCl, and 
AoCl + KOAe = KCl + Ao^O (Gci-hardt, 1853, C. if. 
34, 766, 902; A. Ch. [3J 37,285).-2. From po¬ 
tassium acetate and benzoyl chloride, tlio first 
product of tho reaction being acetobenzoic 
oxide, which, if the potassium acetate is some¬ 
what in excess, and the mixture is heated to a 
temperature somewhat above that required for 
its formation, is resolved into acetic and ben¬ 
zoic oxides: KOAc + BzCl = KCl -t AcOBz; and 
2Ac0Bz=Ac20-f BzjO. Similarly from potas- 
ninm benzoate and acetyl chloride (Gorhardt).— 
3. By digesting glacial acetic acid Cnd acetyl 
chloride in molecular proportions (Kanonnikotl 
a. SaytnsS, A. 185,192).—4. From lead or silver 
acetate and carbon bisulphide 

2Pb(OAo), + CSj=2PbS + 2AC2O + CO3 
(Broughton, Z. 1865,306).—6. From acetal chlo¬ 
ride and barium oxide at 100° (Gal).—6. In small 
quantity by the action of phosidioric anhydride 
on glacial acetic acfd (Gal; Etard, Jl. 9,444).— 
7. By the action of lead nitrate on acetyl chloride 
(Lachowicz, B, 17,1281). 

Preparation.—1. Acetyl chloride (1 pt.) is run 
into sodium acetate fl pt:) or potassium acetate 
(l^t.), and the product is distilled. As, how¬ 
ever, acetyl chloride is formed by tho action of 
the chlorine compounds of phosphorus on acet¬ 
ates, it Js clear that, for the preparation of the 
anhydridl, this chloride need not be quite free 
from phospboxal^ oxychloride. It is sufficient, 
indeed, to ^d POCl, (3^s.) directly to an excess 
ol KaOAo (IG pts.) or KOAc (12 pts.) and<; 
distil; or to i^repare a mixture of POC^, and' 
AcCl, by the Mtion ol PCI, (7 pts.) on glacial 
acetic acih (2 pts.), and distil this mixture with 
KiaOAo (20 pts.) or KOAc (24 pts.). In all these 


modes at preparatiott-it to abee^An: to IWM Mb 
mixture stoong)^ towards th< endoi Me &tiUa- 
tion, because a portion of the acetic oxide unites 
with the Moess of metallic acetate present, form¬ 
ing a com^nnd which requires a high temperature 
tto decompose it She acetic oxide thus obtained 
must be subjected to fractional distillation to tee 
it from residual chlorideaand acetic acid (Eclculd, 
Lehrb. 1, 670).—2. Hentschel (B. 17,128^ pre¬ 
pares acetic anhydride by passing a stream o.f 
carbonyl chloride, COCl„ into fused dry sodic 
acetate. 

Properties. —Colourless, very mobile, strongly 
refracting liquid, having an odour liko that of 
glacial acetic acid, but stronger. 

licactions. —1. IVith HCl-gas acetic oxide 
acts strongly at 100°, forming acetic acid and 
chloride: Ao^O -r HCl = AcOH + AoCl (Gal, A. 
Ch. [3J 60,187).—2. With chlorine at 100°, the 
products are acetyl chloride and chloracetio acid: 

(C2H,0)20 + Clj = CjHjOCl + C-HjClO, 

(Gal). Similarly wim Br. Withiodinenoaotion 
at 200°, but at higher temperatures HI is 
given oil (Gal).—3. With PCI,, it yields acetyl 
chloride : Ac.fl + PCI, = POCl, + 2AcCl. — 4. 
Heated with solid aluminium chloride it forms 
acetyl chloride and aluminium acetate: 

3.\0jO-f AlCl, = 3AoCl + Al(OAc), 
(Andrianowsky,/. ff.11,116).—6. With pulverised 
sine chloride at 100° it yields acetic acid,.acetic 
oxide, and a dark brown residue having the 
composition C,H,;0 (Bauer, J. 1801,438). —0. By 
heating with eine-dust it yields acetone (Jahn, 
M. 1, 690).—7. Reduced by sodium amalgam it 
forms aldehyde, and afterwards alcohol: 

(Cn,CO).,0 + 2 H 2 = 2CU,CHO + HjO; 

2CH,CHO + 2Hj=2CH,CH20H 
(Linnemann, A. 148, 249).—8. Heated in CO,- 
gas at 00° with C1.80,.OH, jt forms an Lcid, 
C,H,SO, (tlal).—9. With ureit, at the boiling- 
point, it forms acetyl carbamide, NHAcCO.NH,f 
No reaction with oxamvde (Scheitz; Marsh a. 
Geuther, Bl. [2] 10, 460).—10. With nascent 
sine-ethyl (2 mol. Btl and 1 mol. Ac.,0 added to 
zinc-sodium) it yieldsInethyl-cthyl ketone: 

(COMe),0 + ZnEt, = ZnO + 2(Mo.CO.Et). 
With sine-methyl in liko manner: acetone, 
Me.CO.Me (.Saytzeft, Z. [2J 6, 104).—11. Forms 
crystalline compounds with NaHSO, and with 
NH,. The latter is formed by passing NH, into 
an ethereal solution of Ac,0 at-26° (Loir, C. B. 
88, 812).—12, Gives a mirror with ammoniacal 
AgNO, (Loir).—13. Decolorises aqueous KMnO, 
(Loir).—14. Converted by H,SO, at 130° into 
Bulpho-acetic acid (Franchimont, C. B. 92,1064). 

Compounds.—A. With potassic aeeiate 
Ao,02KOAo, obtained by dissolving dry potas¬ 
sium acetate in Ao,0 at 100°, crystallises in 
needles, and is resolved into its constituents by 
heat (Gerhardt). B. With aldjhydes.—(1.) 
With acetaldehyde acetic oxide forms the com¬ 
pounds CjHjOAOjO and C,H,02Ac20. The 
first is obtained by beating its constituents 
together in molecular proportion at 180° in a 
sealed tube, and purified by fi»;;tional distillation, 
washing the portion which distils above 140° 
with hot water, and drying over Ca(fi,. It is a 
UqiM which Wls at 168°, has an alljacequs' 
odour, and is resolved by heating .witl^U& 
into acetic acid and aldehyde-^distinltioa 
from the istgnerio compound, eth^ene acetato 
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CLBi(Qidt.wl>iA'; treated, jdelda 

‘glyocS, 031^{0%|efe«tlier. ^,- ;106,249). Tie 
aeoAnd eiiiDipouBd,’ 0,H,0.2A40r formed \>j 
heating paraldehyde with Ae,0' at 160 j ie a 
lliquid harinaa density *11'07 at 10°JGlnther, 
J. 1864, 82ff. p.) With ocroiii’B.—The com- 
pon^ 0,H,OAo,0 is obtained by heating its 
co£9^°te in moleonlsr proportion at 100° tor 
six honft, or 1 mol. acrolein chloride with 2 mots. 
ailTet acetate at about 160°. Liquid immiscible 
with water, having a fishy odour and very sharp 
taste. S.G. 1-076 at 22° i (180°). C,H,O2A0jO, 
formed by heating metacrolein with Ac,0 at 
160°, ij an oily liquid boiling at 180° (Hubner a. 
Oeother, A. 114, 36; J. 1860, 306). (3.) With 
bmtaUUhyde. —0,H^OAc,0 is formed on heating 
fotter-almond oil with excess oi Ac^O at 160°, 
and separates on washing the product with water 
and potash as an oily liquid, which solidities to 
a orystalline mass melting at 44°-46° (Hubner, 
Z, [2] 3, 277). These compounds may be 
looked upon as derived from orlko-aldehydes, 
^GH(0H)2. Similar compoundswill be described \ 
in articles on the several aldehydes. C. With 
other oxides.—Vapour of SO, is absorbed by 
cooled Ac,0, forming a gummy mass soluble in 
%ater. Horfo oxide dissolves slowly in Ac.O, 
forming a vitreous hygroscopic mass. Insoluble 
tartaric oxide or anhydride, 0,11,0,, dissolves at 
100° in acetic oxide, forming a syrup. The 
same syrupy product is formed, together with 
FbCl,, by the action of AcCl on lead tartrate. 

Aceto-arsenious Oxide 0,H,O,As.O, or 
Ac.O.OAs is formed by dissolving As.,0, in acetic 
oxide at boiling heat, as a syrupy liquid, which 
on cooling forms a vitreous hygroscopic mass. 

Acetodiypochlorous Oxide AcOCl and 
Aeeto-hypoiodous Oxide AcOI have been 
described as unstable compounds by ^iiiitzen- 
berger (0. It. 62, 359; 64, 1026 ; J. 1862, 240), 
but thepr existence has been called in question 
by Aronhoim (B. 12,26). 

Aceto-silicic Oxide Si(OAo), [110°] (148°) 
at 6mm. From AOjO and SiO, (Friedcl a. Laden- 
burg, A. 145,174). Deconlposed by water, heat, 
alcohol, or NH„ into silica and IlOAeAc.U, 
EtOAc, and NH^Ac, respectively. A compound, 
S)(OEt),(OAo) (c. 195°), is formed from Si(OEt), 

. and Ac,0. 

" Aceto-bemoie Oxide i.e. AcOEz, 

ttom acetyl chloride and sodium benzoate, is a 
heavy oil. Begins to boil at 150°, and is resolved 
at the same time into Ac,0 and llz,0. By boil¬ 
ing with water, and more quickly with alkalis, 
it is converted into acetio and benzoic acids 
, (.Qerh. 8,209). HCl converts it at low tempe- 
.ratures into AcCl Und HOBz; at 160° BzCl and 
'£(OAo are also formed. Ghlorino forms AcCl and 
•tqblaro-benzoio acid (Greene, C. N. 50, 61). 

; J Ae'etp,ci 0 $iamie Oxide Ac.0.G,H,0. Ob- 
'Uined like the preceding, which it resembles, 
Gil, heavier than water, very unstable (Gerhardt, 
< 4 , 887 ). • 

: Acetodtuminio Oxide Ac.0.C„JI„0. Like 
ihs preceding (Gps^ardt, ib. 609). 

neeto-saltc^cOxide Ao.O.0,H,O,. Solid; 
dissolves in aqueous sodium carbonate, with 
ipvnalAn of sodium acetate and salicylate Acr- 
lv^.S19). 

^jBdtte Ferotide C,H,0,or Ao,0,j-Prepared 

'Adding BaOb'to a 'solution of acetio anhy- 

.... 


IT 

drida in ether. The nuxtuie is effeeftd g^ 
dually, being attended with evolution of hept. 
The ether is disfilled'pfl at a low temperatizrer 
and. the fluid which remains is washed witii 
water. It is a viscid liquid with pungei^ taste. 
14 decolorises indigo, oxidises manga^idaa hy¬ 
drate to peroxide, and potassio ferro- to fetti- 
cyanide. It acts generally as an oxidising 
agent. It does not reduce CrO, or KMnO,. 
Baryta-water is converted by it into barium 
peroxide and acetate. It explodes when heated 
(Brodie, Pr. 9, 363). H. W. 

ACET-IKIBAUIDE v. AcaTAHunm. 

ACET-miDO-ETHYl-ETHEE 

^NH 

CH,.Cf 

'OEt 

(97°). Liquid. The hydrochloride is obtained 
by passing dry HGI-gas into a mixture of aceto¬ 
nitrile and ethyl alcohol (equal mols.) dilated 
with i their volume of ether, cooled to 0° C. 
B'HCl, long trimetrio plates, decomposes at 
about 100° into ethyl chloride and acetamide 
(Pinner, B. 16,1654). 

ACBTIKIBO-NAPHTHYL-AUIDE V. NifB- 

IHSt-ACETAUIMlIE. 

ACETIMIDO-TOLYI-AMIDE v. ToLyL-ACKiA- 
MmiKU. 

ACETO-ACETIC ACID CH,.CO.CH,,CO,H 
orCa,.C(OH):CH.CO,H. 

Occurrence.-In urino of diabetic patients 
(Geuther a. Ilupstein, Fr. 14,419; Deichmiiller, 
A. 209, 30; Tollens, A. 209, 36; Jaksch, H. 7, 
487). 

Preparation .—The ethyl ether (4-6 g.) is mixed 
with water (80 g.) containing KOH (2-1 g.), and 
after 24 hours the liquid is acidified and shaken 
with ether (Cercsole, B. 16, 1327, 1872). 

.Properties.—A thick acid liquid, miscible with 
water. At 100° it splits up into CO, and ooe- 
toue. Nitrous acid gas forms GO, and iso-nitroso- 
acetone, 

Mis.—BaA', aq. Amorphous. V.e.sol.water. 
Violet colour with FeCl,.—CuA'32aq. Amorphous. 

Ethyl Aceto-acetate or Acetoducetie Ether 
Cn,.CO.CH,.CO,Et or CH,.C(OH): CH.CO,Et. 
Vi-acetic ethtr (Geuther, J. 1863, 323), elhyMi- 
acetic acid (Geuther, J. 1866, 302), acetone-ear^ 
boxylic acid (Frankland a. Buppa, A. 1^, 211) 
(180°) (B. Schift, B. 19, 661); (180-^ bor.) 
(Geuther); (180-6°-181-2°) at 764 mm. (Brfihl); 
152-5°-153°) at 330 mm. (Perkin). S.G. ¥ 1-0256 
(B,); £ 1-046 (S.); H 1-0317 (P.); |f 1-0236 (P.). 

1-4253. Ea, 61-62 (B.). S.'V. 153-34 (S.). 

M.M. 6-501 at 16-25 (P.). • 

Fonmtion.—Ihe formation of aoeto-aoetio 
ether by the saponification of cyano-acetone by 
alcoholic HCl (Matthews a. Eodgkinson, B. 
15,2679) is denied by J»mi* (A. 231,246). 

Preparof ion.—Ethyl acetate (1 kilo.), that As 
been carefully dried, is treated with somum (100 
g.) in small pieces. As soon as the first reaction 
abates it is heated with inverted condenser over 
a water bath for 24 hours until the eodiom is 
dissolved. Dilute (60 p. o.) ac#t^ acid (660 g.) 
is then added, and wherythe liquid is com, it is 
jipiixed with water (600 0.0.). The light oily layer 
is wa^ed with a little water and fractioned. 
The yield (176 g.) is small, bulsnnch ethyl ace¬ 
tate (400 g.) is recovered (Conrad, A.d86,214). 
Aoeto-aoeue ether may be still fmrther purified 

• 0 
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nith eono. aqneout NaBSO,, vriib 
" i^li B'MnibiDes. Impurities ma; tfaon ^ ex* 
inicted by ettteT, aad tXi oompaund of aceio- 
'seetia ^ber with NaHSO, afterwards decomposed 
by KjCQ, (Elion, R. S, 246). 

3%e Mrmation of aceto-aoetio ether may bh 
ei^ireesed by the equation: ^ 

20H,.COj,t+Na,= 
CH,.OO.CHNa.COjEt + NaOEt + H.„ 
the sodio-aceto-acetic ether being afterwards de- 
oomposed by the added acetic acid: 

CH,.CO.OHNa.CO,Et + HOAc = 
CH,.C0.CHj.C02Et + NaOAo. 

Sec also p. 21. 

Properties. —A liquid with an agreeable sweet 
odour. Slightly soluble in water, Hie liquid giving 
a violet colour with FeClj. Unlike its ethyl and 
acetyl derivatives, it forms a crystalline conipoimd 
with NaH.SO, (indicating presence of the ketonic 
carbonyl group, CO). 

Salts. —^Aceto-acetic ether behaves as a mono¬ 
basic acid. This may cither be ascribed to the 
situation of the group CJIj between two CO 
groups, or else by having recourse to the fnnnula 
OH,.C(OHi:ClI.CO.jEt, which represents a com¬ 
pound that might be expected, as a tertiary al¬ 
cohol, to possess a phenolic character. Like 
phenol, it gives a violet colour ivith FeClj. 

Sodio.aceto.acetic Ether 
CH,.CO.CHNa.CO.Et or CH,.C(ONa):CII.CO-Et. 
Neales, Produced by the action of sodium or 
sodic ethylate upon aceto-acetic ether in the cold. 

Freparafion.—Sodium (10 g.) is dissolved in 
absolute alcohol (100 g.); when cold, dry ether 
(90 g.),followed by aceto-acctic ether (SO S g.) di¬ 
luted with ether (00 c.c.), is added. It the liquid 
ia well stirred with a little water (2 c.c.) solid 
sodium acetacetic ether separates (Harrow, C. J. 
8.3, 426). The pp. is a hydrate, which becomes 
■dry in an exsiccator (Elion, It. .3, 2J0). 

Reactions. —(a) With iodine in ethereal so¬ 
lution it gives di-aceto-succinieether (q. v.). - (i) 
dleated alone or with NaOEt it gives acetone, 
aceto-acetic ether, NaOAc, and sodic dehydrace- 
tate.—(c) With alkyl iodides it forms alkylaiceto- 
acetic ethers (q. v.) : 

‘ CH,.CO.CHNa.CO..Et + R'h= 

Nal + CH,.CO CiiU'.CO Et. 

Othei(iodo- bromo- and chloro- compounds act 
aimilarly.—(d) But with tri-rnKsvr.-MKrnvr. mio- 
mnu Ph,CBr it forms CH,CO.C(CPh,).,C(),Et 
(Aliena. Edlliker, A.227,110).—(r) Chloroform, 
in presence of NaOEt forms oxv-cvmc etiikh : 
C^ 3 Me(OH)(CO.jH )3 [1:3:4; 6j, the first 
Stage probably being: 

2Ctfj.oo.t!ity».co,i:t-e.Na<',Et-rc:ici.= 

CO,Et.CllAc.CI(:C(00,Bt).CO.i,'ll,+;i.V.iOI+nOEt 

e ponheim a. PfafI, B. 7, 92!); 8, 884; 9, 321; 
rad a. Guthzeit,* A. 822, 249). 

Other Soits.-Al(C,H,0,),. Needles pO’]. 
Insol. water, v. e. sol. ether, benzene or CS.,. 
May be sublimed.—CoiCJf.Oj.. Red pp. Sol. 
hot Ijenzene or ether.—Ca{0,II,O,)2 [182’). 
Green nbedles tfrom alcohol). Insol. water, v. 
sol, benzcne.amher or CSj. Got by adding 
Cu(OAc), to a solutioS of aceto-acetic ether in 
ttleohol, the calculated quantity of ammonid) 
being also added (Conrad a. Guthzeit, J5.10,19).— 
MgfCaHjO,). [ikO'’], From aceto-acetic ether 
end ‘magnesia-mixture.’ Plates (from ether- 
iehsenc).—Hg(C,H,0,)j Amorphous. Formed \ 


by shaldiiir aceto-acetic .ether with BmO),- 
Ni(0AOJ.. r ^ 

BeacHom.~l, Boiled for a long time, oi 
passed.tbrough a red-hot tube, it forms ddiy- 
draoetnS acid, C,H,0„ anil alceM. e 

2. Boiled witU alkalis it gives COg, aoctons;, 
acetic acid and alcohol, according to the reac¬ 
tions: CH,.CO.CHs*OjEt-t2KOH» , 

CH,.CO.OH, + K.CO3 -t HOEt; 

CH,.CO.CH,.CO;Et -f 2KOH= 
2CH..CO.OK + HOEt. 

8. Decomposed by water at 150’, or by strong 
acids, into ClX acetone and alcohol. 

4. Action of sodium akoholatcs.—(a) Heated 
with dry NaOEt, or with alcoholio NaOEt, ethyl 
acetate is got in small quantity (12 p.o. of 
the theoretical) (Wislicenus, A.186.193; Isbert, 
.4. 234, 160).—(6) ,50 g. Iieated with NaOEt 
(from 8'9 g. Na) and MeOH (75 g.) at 130’ gives 
methyl acetate (7 g.) and ethyl acetate (1 g.). 
Similar results are obtained by using PrOH in¬ 
stead of Mi'OJI (Isliert).—(c) At 130’ with NaOPr 
and c.vcoss of MeOil gives methyl acetate and a 
little propyl acelafc.—(d) Heated witli alcohol 
at 180’ it is not affected, but if a very little 
NaOEt be pt(^sent it is completely decomposed, 
yielding UtOAe. iSimilar results are got by 
using PrOH and NaOPr. Resacetic Acid 
CiJE-jOj is found in ail tbeso cases as a resinous 
body, not volatile with steam. It forms brown 
amorplious salts, NaA', KA', and NH,A', sol. 
water (Isbert, A. 234,167). 

5. Sodium-mna l/jam forms fl-oxy-butyrio acid: 

ClT,.CO.CH,.CO ,Et - H .= 

CfI,.CII(OH).CH,.CO,Et. 

6. Bhenid-hjidmeine in the cold forms, as 
with all ketones, a phcnyl-hydr.izide: 

Ph.N, 

,1 I >CMc.CII.,.0<),Et (?), '' 

HiN'/ 

but atlOO®this losesEtOTIand heoomesmethyl- 
r>.ry-QriNi5UNE (7. r.) (Kiiorr, i9.17,2082). Pseudo* 
cmnyl-liyflrazine produces the homologous hy. 
drazide CIIa.C(N,Hari,.Mo«).CIi,.CO.,Et [78'^]. 
Longyello\viioodlcs(fromulcohol),orthick prisms 
(from etlier). V. sol. hot alcohol or ether, si. sol. 
cold alcohol or benzoline. Very unstable, and at 
130®“140® changes tooxy-tctra-mcthyl-quinizine: 
yCO . CHj 
Mo.CX I 

\N—CMe 

\/ 

NH 

(Haller, B. 18, 706). 

7. Ihjdroxylamiue forms, as with .sther 
ketones, the oxini: CfI].C(NOH).CH...COit, 
iS-Oximido-butyric acid, C1I,.C(N0H).CHVC0,H; 
colourless crystals, [140°], si. sol. water, alcohol 
or ether (Weslenbergcr, B. 10,2996). 

8. Fuming nitric acid yields fbfhlie acid and 

oxiMrno-ACKio-iCETio ETHBK (j. V .) (Prdppet, A. 
222,48). . ^ 

9. Sulphunjl Chloride forma mono- or dt- 
chloro-aceto-acctie ether, according to the pro¬ 
portions nsed (Allihn, B. ll,et^7): 

CH,.CO.CH,.CO,^t-8 80,0, =. 

CH,.CO.CHa.CO,Et-).SO, + H01i 


CH,.CO.CH„.CO,Et s- 280,0, - 


OH,.CO.Ca,.CO,Et+280, + 2Ha.\ 

10. Bromine gives mono-, di-, tri-, and Mr 
BSoxo-iUEro-AOEiio ETBEBE (Wedel. A. 210. akt 
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. Ui CKhrint iiaa^ aiij di-oatoBd-um- 
inmo ctalB 

18, Photpnorm pentachloride forms the ohlo. 
lidA of two OEU>BO-OB(VOinO JlOIDS (2. <>.)• 

18. Dry heated with aoeto-aoetio 

jMber lor 8 days at 100’ forms a oyanhydrin, 
0B^.C(0H)(0N).CH2.C02E^ which is converted 
by boiliag dilate HCi into oiy-pyrotartario acid 
(G. H. Morris, C. J. 37, 7). 

14. Cyanogen chloride passed into sodio- 
aceto.acetio ether forms Cy*no-*ccto-acf,tio 
ETHKB {o .».) CH,.CO.CH(CN .OOjEt (Haller a. 
Held, CTB. 95, 235). 

15. Ammonia, whether dry (Frecht, B. 11, 
1193), aqueous or alcoholic (Duisberg, A. 212, 
171), produces the imide of aceto-acetio ether. 

Aceto-acetie ether imide CjHnNOj [34°]. 
(218° uncor.) at 760 mm., (154°) at 154 mm. 
aO.M 1-014. S. (cone. NH,Aq) 1-25. Dry Nil, 
is greedily absorbed by aceto-acetic ether, the 
compound CH,.C(OH)(NH2).CHj.CO,Et being 
doubtless at first formed. The liquid soon se¬ 
parates into two layers, water and the imide of 
aceto-acetio ether. The latter is purified by 
distillation (Collie, A. 220, 297). Properties.— 
Colourless monoclinio prisms. V. si. sol. water, 
V. sol. alcohol, ether, benzene, CS, and CHClj. 
Moisture greatly lowers its melting-point. It is 
CH,.C(NH).CH,.CO,EtorCH,.C(NH,,):CH.CO.,Et. 
IteetctioM.—{a) Aqueous HCI splits it up into 
NH, and aceto-acetic ether (Duisberg).—(5) Cold 
dilute NaOH has no action, but on warming it 
gives NH„HOEt, acetone andCO.;.—(c) Pb(OAc)„ 
HgCI^, ZnSOj, or FeCIj also splits it into aceto- 
acetic ether and NHj, the latter throwing down 
the metallic hydrate. AgNO, does not give any 
pp.—(d) Glacial acetic acid also regenerates 
aceto-igsctic other on boiling.—(c) Sodium amal¬ 
gam gives 3-oxy-8utyrio acid.—(/) liitrous 
fumes passed into alcoholic solution forms nitro- 
ao-aceto-acetio ether. A by-product OjJliiNjOi, 
forms plates [170°].—(g) Ac./) at 100° forma an 
acetyl derivative, C,H,„AeNO, [C3°] (232°),which 
combines with bromine, forij(ing C,H,„Acl)rjMO. 
(140°].—(A) Paraldehyde gives di-hydro-tri-me¬ 
thyl-pyridine di-carboxylic acid, which is also 
formed from accto-acctic ether, KH„ and aldo- 
hyde.—(i) EtI at 100° forms ethyl-accto-acetio 
ether ana a base (c. 200°), possibly cthoxy- 
di-methyl-pyridine. Condensation•proiuc.l.s : 
0„H,3N0, [160°]. Present in the brown resin 
got when C,H„N02 is distilled under atmo¬ 
spheric pressure. Insoluble in alcohol and ether. 
Boiled with KOHAq it forms oxy-di-metbyl- 
pyridine carboxylic acid. 

16. Aeeto-aoetic ether methyl-imide, 

CH3.C(NMe):CH3.CO.,Et or 
CH,.C(NHMe);Cn.c63Et, 

(188°) at 60 mm., (215 ) at 760 inm., is formed in 
like manner from aceto-acetic ether and methyl- 
amine (Kuchert, B. 16,616). With paraldehyde 
and H3SO, it gives a condenssAlon-product, 
O.jH-OjN, which forms trimetrio crystals with 
blue fluorescence [86°]. 

17. BiethyUmSl^oimsff-di-ethyl-amido- 

erdtonie ether, OH,.C(NEU;CH.GO.Et, a 
liquid (^°-168°) at 20 mm. 0 

18. Mated With aniline (1 mol.) at 120° it 
yields crystalline body, C,oH|.N0.3, which melts 
at 81° aha is probably the anilide of adbt-acetio 
B«idOBs.O(NPfa).CI^tX>,H, By dissmving this 


substance in cold H^04, H/) is eliminated 
with formation of (% U-oxy-{Py. 8)-metbyl. 
QontoLiOT! (Knorr, B. 16', 2693). 

l9„o-Phenylene-diamine forms: ’ 
j C,H4(N;0Me.0H,.C03Et), ./ 

20. o-Tolylcm-diamine gives; 

CH,.C.H,<”2>?!Mo.CH3.C03Et. 

(Ladenburg, B. 12, 951; Witt, B. 19, 2977). 

21. With aldehydes (Ciaisen, B. 12, 346) i 

Cn,CO.Ctt..CO,Et + ROOH - 
H,0 + CH3.CO.C(CH.B).COjEt. 

Tho bodies arc mixed in molcoalar proportions, 
and HOI is passed in at O’. Or the bodies may 
be heated witli Ac-^O. Examples (Matthews, G.}. 
43,200):—(a) hobutyric aldehyde gives O,0H„O, 
(219®-222^). Oil. Smells like peppermint. Com¬ 
bines with bromine. (6) Valeric aldehyde gives 
C.JI.gOa (237®-241<^). S.G. ‘OCia. OiL 
Smells of fitrawborrieg. (c) Chloral gives 
ChH^CI^O^ (15 I'M 58®) at 25 mm. S.G. 1-3420. 
Prom chloral, acet-acotic ctlior, and Aoj,0 at 
150®. (d) Furfural gives C.Ji.A [^2®], (188®- 
189®) at 30 mm. From furfural, acct-acctic ether, 
and AcjO. Easily soluble in chloroform, acetic 
acid, alcohol, and benzene. Largo doubly-refract¬ 
ing crystals (from light petroleum and ether). 

22. Aceto-acetio ether (2 mols.) condenses 
with aldehyde-ammonia^ forming dl-hydro-tri- 
jikthtl-pyridine-di-cabboxtuc bthbb {([. V.): 

2CH3.C0.CIIj.C0..Et + CH,.CH(OH)NH.- 
3H,0 + CJIjNMealCO-PSOsf. ^ 

Since the product contains three methyls and 
two CO.Et groups, we may assume these to be 
identical with the same groups in the reacting 
bodies. And inasmuch as the product is not 
acted upon by nitrous acid gas and forms an 
ammonium iodide with Mel, it would seem to 
bo a tertiary base. Nevertheless, inasmuch as 
methylamine and aldehyde give a similar body, 
the reaction may probably bo represented thus: 

GHMo 

fJO^Et-CH 0 HC-COaEt 

Mc.COH Hj HOC-Mo 
• KH 

Me 
,CH 


i.g' \i 


8H,0 + CO^Et-C C.CO,,Et 

0 il 

MeC CMe 




ft 

(Hantsch,A. 215, 74; B. 18,2579). Other »ia«. 
byfics in presence of NH, form similar derivatives 
of tlic pyridine series (t). Mnravn-rvninniE). Thus 
cinnamic aldehyde and , an^onia forms di¬ 
methyl - styryl - ili - hydro - pyridine di-carboxylMr 
ether, H405NMe./CH:CHPh)(C0jEt)j, [148’] 
(Epstein, A. 231, 3). 

23. yffith formamide and ZnOL aceto-acetio 
ether gives di-mothyl-pyridine carWylit dihor 
(Canzeroni a. Spiea, 0. 14,449). # • 

24. With acetamide tmd AlOl, it forms 
CH,.C(NAo).CH,OOsEt [65^]. Needles. Converted 
by KOH mto the amide of aceto-acetio ether. 

26. M^ing with acetamidiiie dtydroehloride 
and dilute NaOH, and, after standing fc( some 
days, evaporating to dryness and extracting 
with alcohol, yields a di-metbyl-oxy-pyrimj^inai 
: 0 2 



*6 


5-N 




V . ’ V* iu( 

ItiaproUbly 


B . \ ''N:0(OH)'^ ■ 

^ 5 Ss 3 &?^ 

NaC0.NH.CMe:CH.C0 
f'Oier (^t^shwiv fi’vTP “oto-acetio 
It dissoiveg in afkaMa Irom water. 

ItB melting-point 
C H AgVsS'lN*'* ““ 

72) “• Siober, J. pr. r21 25 

+ C,H,NyO « C,„II,,N 0 + il o 

S."‘rk"'‘&';£^“™-=^ 

carbamio ether, PhNU COTh"'’ 
indicate that the body CH'VO .''^“‘mns 
tution NPhH.C<^4^^li;;^“^ j 

^‘K>TT>../™''-CH..CO,Et 


OH..C^-' ■ V 

'N:0(OH)/ 


-0>O.C^ 

S-fiSs^feHa. 

»• <St^eit, 

no®at^C,T™V4®?itr f“* 

ether’ CH,.CO CtCSl Cn 

needles (from alSffij^ Moy 

B. 10. 703) f**"*^" “• Oppenheim 

sus^nd^ef in®Seno inf ““i ethei 

ether S(CHAc.CO^t), 

35. With swcmic acid it reacts thus: 

(Kitig, j3. 18, ami £200“] 

forms nKr,;,,,." . .!‘*''°“8h a red-hot tube 


^KPh/ 

(Behrend, A. 233,1). < 

in p^sewfXlitfo“thw''af 

:^0hfK0l?‘^ ®on;/S"b7„T I 

as-=.»d>i 

aSSSS-sW 


80 ^^™-CO.N: CMe.CH,.cd,Et. 

^Siliiiis 

Ufinzer, 17 1920. « *.» 

„ 81. wTJkIo^S 

SXiiiZT"^ WiO^! 

»codVerted by 


■n,» I i ■ '''*”*^i^yfu/ua 

it forms nKnimm-lcenf S^ “ 
products (Perkins inn V ? if' 

%d,oc;ilorVoc«?lit;-Ha fi By 

c!4X(29r-20^ 

fctsscsrH'% i‘ 

I “t 120’ (Wcdel, d 219 lIc) 

sulphuric acid: '• •^^9, ll(,).~3. By 

[C2v“Go/f?^'f-^‘^-®-^tH’(CO,II)(COiEt) 

other (Ipt.) and‘eold tonctHSO^oTpt^Tf® 

I’o.tos. SUol-thl i-atcf m't^7T''“"« “' 
ether, v. sol. alcohol? v^e ’sol’ S.iiv“ f 
composed by heat^ 1 B®' 

Whcn hot, has a spicy odouf % 

may bo represented thim: “ formation 
’iC«H,„Oj = C,jI4P, + 3CJI.OII 

anraS;rl:!tl1''a'^,“ 1”™,““'““^^^ 

^eulmlisingwithalc’oholicpotaihut^^^^^^ 
c.ir,(oiixcojn.co.o.c.n,(co.H)co.Et+Ko» 

0.II,(C0.K)"' ' 


0 - 

p^+C.H,(C0.Et)^'^+jjy^O_ 




sfs*" “?’► 

la solution. “ «9 ether remaina 

CH c cim St ^etd 

Gll, ^C.C(CO^). CMe: CH.CO.O 

(Si“lrso{%r^ 

^1ubliin“ed“““'‘“*'’ (fromalcohVVay 

tyl lime it 


0 



u<wn> uuin<K*''UM‘«eMo^*Ha>jj^ into f>xjr- 
mtiitent (tioiliOf tHo ioiSi/' 

OH,.0<OH)C:C{COja).CMe:CH.CO^, 
whioh lonns a stable ooppei salt but 

its aliaUnoiaU^adilJ split off CO,: * 


ti)(CO,Na), fHaOH", 
)H)(C0,Na) + Na,CO„ 
tonrilng oxj-mesitene Arboiylates. These 
readily'nndergo a similar decomposition: 
OA(OH)(CO,Na) + NaOH=Ns,CO, + C,II,On, 
probably forming ‘ meaitenyl ’ alcohol, which at 
once changes to mesityl oxide. Baryta is the 
best alhali to use in these decompositions. 

Mesitene Lactone . 

CH,.0:CH.CMo:CH.CO.O 


[61'S°] (245° cor.). From iso-dchydracetio acid 
by distillation, or by heating with HjSO, at 170°. 
QUttering tables. Very soluble in alcohol, ether, 
or water, sparingly so in OS,. Tastes bitter and 
spicy. Neutral to litmus. Separated by K,CO, 
from aqueous solution. Gives with Br in CS, a 
bromo-derivative, CgHrBrCO, [105°]. Converted 
even by water into oxy-mesitene carboxylic acid. 
Hence it is a S-lactone. 

Oxy-mesitene Carboxylic Acid 
’ C„H,(OH)(CO,H) i.e. 

CH,.C(OH):CH.CMe:CII.CO,H. 

From its lactone (mositene-lactonc) by boiling 
with water or, better, with baryta. A thick 
liquid, soluble in water. Its salts are amor¬ 
phous, e.g. BsA'„ CaA',. Those salts on boiling 
form carbonate and mesityl oxide. 

Mesiiene-lactone Carboxylaie of Ethyl 
C,H,(CO,Et)CO, ».«. 

CH,.C:C(CO,Et).CMe;CH.CO.O. 


Fom^ed, together with its potassium salt, by the 
action of alcoholiivKOH on the prudutt of con¬ 
densation of aceto-acctic ether, as described 
above. Also from its potassium salt by EtI. Also 
got when aoeto-acetic ether, saturated with llCl, 
is left at 0° for a month (Polonowska, B. 19, 
2402). Oil. Beactions.-gla) Br in CS, forms 
C,H,Br(CO,Et)CO, [87°]. Needles (from alcohol). 
—(i) NH, passed into an alcoholic solution forms 
satiny plates of C,H,(COJ?t)(CO,NH.)(ONH,) 
melting at [104°], giving off 2NH, + H,0, and 
changing to the lactone. Warm water or cold 
alcohol also change it to the lactone. Cold HClAq 
liberates C5H,(COiiEt)(CO,H)(OH), which may be 
extracted by ether. Small plates [76°]. Boiled 
with water, two-thirds are changed to lactone, 
and when the lactone is boiled with water, ono- 
thiribecomes oxy-acid. It forms salts of the form 
CJH,(OH)(CO^t)(CO,H), viz. OuA'mq, PbA',aq. 
When the acid is boiled with alkali there is 
formed dohydracetic acid and its decomposition 
products, mesityl oxide, acetone, and CO,, and 
the following Secomposition also occurs: 

CH,OK)(00.1it).OMcCT.OO.O+3H.O= 


CIH,.OO,H+H0Ilt+CH/CO.H).C*e,-CH.CO,H, 
resulting in homomesaconic acid. 

Homomesaoonio Acid 

CH,(^H).CMe;CH.CO,H 
[147°]. Small prisms (from water). V. sol. cold 
wt^erjAnd alcohol, si, sol. ether. Not vototile 
wuh^eam, but sublimes about 120°. 

(JoKs.—BaA"41aq.—CaA"aq.—CuA"2aq. — 
4*,4'';-KHA".-NH,HA". .* 


Si 

jE«l^^ii^Sl^'V'|j40°..242»). 

Tbeo^o/^Oohdetuafton.—Asacetonagives 
mesityl' oxrd* or CH,.CO,CH;C(CH,)» 

so aaeto-acetio ether, if it la 0H,.C0.0H,00,Et, 
should'give the dicarboxyUe ether of mesityl 
qalde, 0,H,0(C0j6!t)» or the acid,C,H,0(CO,H)p 
Instead of thiB,at gives an isomeride of the latter, 
C,H,(OH)(CO,H)„ BO %at the group CO.CH 
must have changed to C(OH):C. Assuming 
that this group pre-exists in aceto-acetio ether, 
the condensation would bo as follows: 

CH..O(OH)*(CO,Bt)H+HO.OMo«H.CO,Et= 

CH„0(OH):ClCO,Et).CMe;OH.OO,Kt+H.O= 

CH.. O;C(CO,Et>.C;MemCO.q +nOEt'fH.O. 

Aoetyl-aoeto-acetio Ether 
CH,.CO.CIIAc.CO,Et or CH,.C(OAc):OH.COJEt, 
di-aceto-acctic ether. (200°-205°). S.G. ^ 1-064 
(.James); i-ioi (Elion). From aceto-acetio 
ether (65 g.), ether (50 g.) and sodium (9 g.), by 
adding a solution of AcCl (30 g.) in ether (50 g.) 
in the cold (.1. W. James, A. 226,210 j C. J. 47,1). 

iVoperites.—Pleasant smelling liquid, slightly 
decomposed on distillation. Miscible with alco¬ 
hol, ether, and benzene, hardly soluble in water, 
but slowly decomposed by it into acetic acid and 
accto-acetic ether. Fe,Cl, gives a raspberry-red 
colour, removed by SO,. 

Soffs.—Acctyl-accto-acelio acid is a strong 
acid, and can expel acetic acid from its salts. 
—CuA'.2aq: insoluble in water j [148°].—NaA' 
(Elion,‘if. 3, 255).—NiA',2aq. 

Beactions.—l. NaOEt decomposes it into 
EtOAc and sodium accto-acetic ether. 

Benzoyl-aceto-acetic Ether 

CH,.CO.CBzH.CO,Et 

From sodium aceto-acetio ether and benzoyl 
chloride alone (Bonnt, A. 187,1), or dissolved in 
ether (James, A, 226, 220; G. J. 47,10). 

• Properties. — A. fairly strong acid, capable of 
displacing acotio acid. 

Saif.—CuA'j (from benzene) [lOO’-lSO”]. 
Formed by shaking the ether with aqueous 
I cupric acetate. SI. sol. alcohol or benzene, m. soh 
j ether. 

I o-Nitro-benzoyl-aoetc-acetic Ether.—Pre- 
I pared as above, using nitro-benzoyl chloride. 
It is an oil.* Boiled with dilate HjSO, it forms 
o-nitro-phenyl methyl ketone and also o-nitro- 
benzoyl-acetone in smaller quantity.* Cone. 
KOH forms a salt CH,CO.C(C.H,NO,)K.CO,Et 
(Gevekoht, A. 221, 323). 


Constitution of Accto-acetic Ether. 

Some chemists adopt F||gnkland’s formula 
for accto-acetic ether, CH,CO.CH,.OOJEt; others 
prefer Geuther’s formula, CH,.C(OHj:CH.CO,Et; 
while a third party, relying upon the results of 
Baeyer’s researches into tlw constitution of Gie 
derivatives of indigo, consider that both formiffie 
are equally correct, or rather that at the moment 
of reaction the Urst may change into the second. 
Against Frankland’s formula it is argued 
(1) That the cop^r salt is blue d>t*gTeen, 
whereas compounds in which gonper is united 
to carbon (e.g. copper acq^ylide) are red or yellow. 
. (2) That it does not account for the existence 

of acoM and benzoyl derivatives. 

(3)^he formation of huto-quinone di- 
carboxylic ether, abody containing two ^droxyU, 
by the action of sodium on di-bromo-aceto-acetis 





Q^C0.0«H^8 am (Hlgghi, 
C./. 41,138). 0Uato HOI at 1S0« Ubentes the 
Itm bases, vhioh are desoribed as Aiai>o>BSNiO' 
raxMOHas {q .«.). 

e.BXir207L PESirKt.CABBAin0 ETHEB 
OA'CO.O,H,.NH.CO,Et [189«]. Pn-pored by 
the actioa of cliloroformio other on p-amido* 
bensophenone (Doebner a. Weiss, B. 14, IBlit); 
A. 210, 246). Plates. Sol. boiling alcohol, 
boiling acetic acid, and ohlorofonn, insol. cold 
irater. Decomposed by boiling KOH. 

BSBZOTL PHENYL CABBAMIHE 
CfHf.CO.C^Hf.NC. Iso - cyano • 

From p-amido-benzophonono (10 g.)* 
efalorofonn (8 g.), and alcoholic KOH (l)i>cliner, 
A. 210,246). Silky needles, volatile with steanu 
SI. sol. hot water, v. sol. alcohol. Split up by 
acids into formic neid and ainido-acidophcnono. 

BEXZOYL • PH£NYL£N£ • DIAMINE v. 
PaBNYLENE-DIAUISn. 

££NZOYI.PH£NYL.DZ-£THYL.AMIN£ t>. 
Dmthtl-amido-iikmz<iphknom-:. 

BENZOYL.PHENYL.DZ-HETHTI-AHINE 

V. DlMRTIfYt.AWIDO-nRNZOPJlKNONE. 


Converted by poUsh-forioa into beoxoid and 
ptopiouio acids. Keduoed by sodiom amalgam 
to 7 ^>x 7 .phdnyLbotyrio acid (or iU laot^). 
C,p,.CH(OH).CH,.CH^CO,H. 

, Salts.—fiaA',: needles.AgA't si. sol. 
water. 

Ethyl et)ur. EtA'. white cryi* 

taia, turned ri'd by heat. 

2*Jwnyl’huIraii(U 

C..Hj.C(iN,HPh)‘01I,.Cl r,.CO,U. While 

silky needles, v. sol. alkalis, acids, alcohol, and 
benzene, si. aol. other. 

BENZOYL PBOPIONIC ALDEHYDE 
C,HvC0.CH...Cll,,C110. (‘2ir> ). K.(K!M 006; 
■*•*•908. Prepared hy tlie action of water upon 
the cotniKunul of phenyl propyl kotoiio with 
CrOXL. Oil, Bol. ether and cldoroforin. It 
readily riMlncea AgNO„ but does not combine 
with NallSO,. 8odiinn-anm!gam rediua'a it to 
.svrupv C,lI,.cri(()]l).CH.,.CH,.CII Oil (o. 200®) 
(iiurc'ker. A. Cli. fr.J 26, 469; 0. It. 94, 220). 
BENZOYL.PEOPION1C-CABBOXYL10 AOID 

V. I’ilKNYI, KTMYL KKTONR UI-CAimoXYUO ACID. 

BENZOYL'PYBOCATECHIN v. Di-oxy-bens. 


p-DI.BENZOYL.DI.PHEhYL.THIO-UKEA 

SC(NH.C«H..CO.C.H,),. [166®]. Prepared hy tlie 
action of CS, on an alcoholic solution of j>- 
amido.benzophenone in presence of a little 
KOH (Doebner a. Weisa, B. 14, lH;i‘t). (’oloiir- 
leas plates. Sol. chloroform, al. sol. liot alcohol, 
ether, benzene ami CS^; insol. water. 

BENZ0YL.PHENYL.METHANE is UiiNZovr.. 
PKESTL-CA»nAMic r rttEU |V/. r.). 

BENZOYL. PlFEB.PBOPYL.ALKElN v. 

TleH^OVlOXYPROPYL-PlPKRiniNK. 

BENZOYL.PROPANE.CABBOXYLIC ACID 

0 . Pjiexvl phopyi. kkt'-nk cAuitoxvi.ic Arm. 

o-BENZOYL FBOPIONlC ACID i.c. 

C.Hs.CO.CHMc.Ct kdT. Phenyl cf/-.// kt-fone 
a-carboxylic aciti. From the ••iher and cone. 
II.^SO,, the mixture Ix'ing left for 'A weeks. It 
is an oil and gives a reddish-brown colour with 
Fe,Cl,. Alkalis produce phenyl ethyl kelotte. 

cfAerCH^.CHBzXO.Kt. (227®) at 
225 mm. Formed by the action of NaOKt and 
Mel on benzoyl-acetic ether {q. t'.). Aromatic 
smelling oil. Fc.Cl* gives no colour in its alco* 
holio solution. NaOl'lt forms the sodium dc* 
hvstive CH,.CNaltz.CO,.Kt. Phospliorus {»enta- 
chloride forms CVUyCCl:CMe.CO,.Et (Perkin a. 
Caiman, C. J. 49, 156). 

A-benzoyl-propionic acid 
C,HyCO.CH,.CH,.CO,H. Phenyl ethyl krUme 
vi’Carboxylic acid. [116’’]; [114 "’] (PischolT, B. 
19, 95). 

Forfnatum.—!. By the reduction of benzoyl* 
acrylic acid.—2. By the action of Al 2 Clj(l,l pts.) 
oa a mixture of succinic anhydride (1 pt.) and 
benzene (lOpts.). The produA is shaken with 
vmter, when the acid remain« nissolvedyh the 
benzene, whence it is extracted by shaking with 
KOH and ppg. with HCl (Burckcr, Bl. [2] .B5. 
17; A. Ch. [5] 26, 433; Peohmann, B, 15,889). 
8. By oxidising its aldehyde.—4. Its cldoride 
is formed by the action of A1,C1« upon a 
mixture of succinyl chloride (I mol.) and 
benzene (1 mol.) (Claus, B. 20, 1.375).—5. By 
heating benzoybisosnccinio acid above its melt, 
ing-point, CO, being evolved (Eues a. Paal, B. 
18.8825). 

Praperim. -While prisms, ▼. sol. hot water. 


OplIKNoNH. 

BENZOYL PYBROL r. pYUia.n. 
2Vm/o>benzoyUpyrrol v. PYuitvi. piiENTb 

KiaiiNF. 

BENZOYL PYRUVIC ACID i.«. 

C,HyCO.CHj.C(>.CO,H. [156’]. Obtained by 
sapoiiihcatioji of Iho ethyl cl}»er. Yellowish* 
white prisms (fr<»ni hot benzenr). Strung acid* 
Evolves COj ut its nielling-point. 

Ethyl ether A'Et: [43 ]. Prepared by 
adding -18 ptfl. of acctoplicnonu to a cooled tioln* 
tion of l‘'2 pts. of sodium in 150 pts. alcoltol, 
and tlicn 58-4 pts. of oxalic ether. The preeijn* 
tatel sodium compound is washed with ether, 
dried, dissolved in iced water, ami decoinposod 
by COj,.,*;h(5n the hcnzoyl-pyruvio ether crystaU 
liscH out; tile yi< Id is 78 p.c. of tho tiicoretical. II 
crystallise.^ from petro]cum.cther in long prisms. 
V. sol. all ordinary solvents. FOjCl, gives a 
bloud-red colouration. Thn aqueous alcoholJo 
solution gives with cupric acetate a light-green 
jqi. of (Ci-JliiOJjCu, this crystallises from hot 
in'iizenc or alcoliol in long green needles. Dy 
lieating with ililute aqueous NaOH the ether i| 
s[dit up into acetophenone, oxalio acid, and 
ulcuhoi. By boiling its acetic acid solution with 
plienyl-hydrazitie it is converted into di-phenyl* 
pyruzol-fcarboxviio ether C,HPhN(NPh).CO,KI. 
liy cold alcoholic NH, it isconvitrled into oceto* 
phenone, oxamtde, and alcohol (Layer a. Ciaiseii, 
B, 20, 2181). . 

BENZ0YL QU7NALD1NE u. METUTL-Qum* 

OLYL PIIKNYU KKTONE. 

B£NZ0YL<B£S0BCIK v. Di-oxT-MRNZoraa* 

KONB. • 

Di-benzoyhretorcia v. Dioxt-phenylkni m* 

pJirSYI. MKBTONK. 

B£NZ0YL*8UCCINIC ACID, Phenyl ethyl 
ketone di-earboTijlic ncul. Ethyl etkef 
CO,Et.CirBz.CII,.CO,Et. (c. 266®) at 160 mm. 
From sodium-bonzoyhacctic ether and ohloro- 
acetic ether (Perkin, jun., C. J. 47, 274). 

Pro;)(!rio'x.—Thick colourless oil. Its aloo* 
holio solution gives a claret erdour with Fe^CL. 
Cone. HjSO. forms a yellow solution turned red 
by heat. KaOEt forms a solid sodium omn* 
ponni Boiling baryta water deoompoiM it 



EOHA^Iorms EOBz, ESOH, tln^iol, CO„ 
ftnd H,S. Heated alone it gives bensonitrile, 
CO, and mercaptan. Salt.—BzKE.OO.SEti 

needles. 

BEHZOYl THIOCYANATE «. Bisaovn 

eOLFHOOVANIDK. 

BENZOYl-IHIO-tlBEA v. Trao-nnsA. 
BENZOYt-THYMOl «. Thymol. 
B£l(ZOYI.TOLII£NE.Bi;LFHAIitII)£ v. Toa- 

OESE EOlPHONIO ACD). 

BENZOYI-TOIOIDB v. Tomicine. 
BENZOYL-TOITJIDHIE -IMIDE • CHIOBIDE 

V, <«-CnLrmO-llENZTLl»E!)E-TOLTIlI>E.NE. 

BENZOYl-IOlYLENE-DIAMINE v. Toh- 

TLENE-niAMIEK. 

BENZOYL-TROFElNE v. Tuora. 
BENZOYI-DBEA v. Chea. 

BENZOYl-DEIIIO ACID v. Phesyl iolyi. 

HETOHE ni-CAEDOIYUO ACID. 

o-BENZOYl-VAEEE^p ETHEE o. Propyl- 

BeEZOYL-ACKTIO ETHEIl. 

BENZOYL.XYLENE v. Phenyl yylyl ks* 

TONE. 

BENZOYE-XYIIDE V. XYi.iurxii:. 
(a)-BENZ.PINACOLINE C.,U..„0 i.e. 

IV [, Ov-CJlj 

I V> (?) m% 

Ti tni-j'hnnjl-etlinleiU'. orUle. 

FormifioH. ■ 1. Tt>;'i‘l1icr with the fj 8 )-modi» 
ficalion by boiling tv i) p.c. tvlcoholio solution of 
ijiiiizoplu-iioin; with zinc aud llCl (Thornera. 
Zim lvc, ii. 11 , <■>">).,- 2 . To^rothor with benz* 
IMiiarono by ht ntiiig aii alcitholic solution of 
bouzdi'luMium! with zinc anti II„SO, (ThOrnor as 
Zhioko, Ii. IJ, Kl'.d)). 3. 15y tin? at'liDii of zinc- 
dutit on nn clh'.'ival M.Ii.tiim of ncilyl chloride 
(1 )iJol.) and bi'iizoijht iioiii; (I mol.). If the 
ncft.yl obloiido irf Used in < xc- ^rf tin! (o).bonz* 
pinii-oUno first foriiit.l j.s otnncrlt'd into tho 
(ii)-b(‘nz.j>in;uMlijic (r.tnl, 17. '.tlll.-d. By 
the oxidation of totm - I'liciiyl .t.tliylcno with 
chromic nhxtnro (IVlir, Ii. o, 277). 

Frof^'ilus. N. .-dli's. iMiniisl insoluble in 
cold alcohol and in cold tu-* tic Jicid. 

/»c<ti7ii/n,<.- 1. By tni-tyl chloride, liCl Of 
H.,SOj, it i.s converted into tlie (^l-niodificatjon. 
2. IW heatin'; with soda lime it ^;i\t s a hydro* 
j carhon [211) which is possildy tofruphcnyl* 
MhyU’iu'. o. By CrO, ami aoclic acid it is 
oxidir .’>1 to henzophenone. 

(ril-Bctti-pioacoline (C^HJ^C.CO.CJL fl70®l 
(T. a. Z.); [iB'i'*] tZiiftnniciiny). 

/■■I'wo.'/. n. By boilmn a coucentratedsolu* 
tion id bt nzojdn'noue i.i alcohol with zinc and 
ftCl fi>r 20 hovra (Thdrni‘r a. /itickc, Ji. 10, 
UTdvU, 2 . From hcnzidnacoim and 

It.rt ITC..VN. . .? 


tetolbsuott AOd floeofide 
HJBO* fwmi benaoyl-ptopionto wfd.- 
IH'lwiisoyl-iuoekiQ 

OOj^CHBz.CHBz.COaH. Obtainedbydissolyyg 
ihz eihat ia alcoholic KOH and ttenling with j 
B,SO, (Petkln. iun., C. J. 47. 2C>5). The acid 
diaaolvcd in alcohol gives a dark-greon pp, with 
Peioir Cone. 11,80* forma a yellow solutiop, 
tamed orimson by heat. 

Ethyl ether CO.,Kt.CHBz.CHBz.CO.,Et. 

[180®]. Formed by adding iodine to a solution 
of sodium benzoyl-ac«:tic ether in dry ether 
(Perkin, jun., C. J. 47, ‘ 2 i; 2 ). Crystals (from 
alcohol) i si. sol. cold alcohol, v. sol. other. 

Cone. ILSO* forms a colourless solution 
tum^ red, oVivc-grccn, and finally bluish- 
red by heat. Bodiutii ctliylute forms | 

00,Et.CNnBz.CNaBz.C(>.,Kt. In tho alcoholic 
solution I'‘o.,CL gives a red colour. Boiling dilute 
ealphuriu acid ( 1 : 2 ) forms an acid prol»ably 
dipnenyl-furfurano dicarhoxylic ivid, C„n,X>.,, 

[238®], whoiio.o Ao.,0 forms an anliydrido 
{2.“ib 1 {Ilaoycr a. Perkin, Ii. 17, 02). 

B-Bensoyldaottuccinio acid t'. I’lu'.NYn ktiivi. 

KKtONR W-I)I CAlUl.tXYLm AlMl*. 

BENZOYL SULPHIDE (C„H,C())B. fl 8 ]. 

From BzCl and {wla'-siutn lliinlu jiztcvtf (Kngel- 
hard!, LalsehiriolT, a. Malytu hen', /f. iHds, 257). 

\Va*; prisms, insol. wat*'r, v. sol. ellter. Aiii- 
iiionm forms ben/.amide. and ammonium Ihio- 
benzoatu. AloohoUe KOH fi>riiK KoHz and 
■ KHBZ. Ateulmlic KHU fonns KSl;/,. 

Bensoyl ditulphido (0 ll.t'd) S.. Mol.w. 

274. ll 2 H-’j. Formed from’CJIAIO.SH hy 
Htmospheric oxi>iati«>n of its soluliou in CS. 

(Clccz, A. 11.5, 27), or by treiilmenl willi iodine, 

F«,Cl,j, or UNO,. Also, tofV'llier with ]tz,,S, )*y 
waniimg P/.Ol with l*bS and ethn- (Mo.slitn;, .1. 
lift, JU)1). When healed ibovo it.s melling- 
)K)int it turns violet. 1 ‘i'i.smt or tal^;.-{ (fi’i>m 
C 8 .,), si. sol. boiling elher and aleoluTl. Insol. 
water, Nil,Ai], and KOlIAq. Alcoliolic KoH 
forms KUhz and KSBz. Alcoholic KliS forms 
KHBz. 

BENZOYL 80LPK0CYANIDE ( Jl.CDSCN. 

8 .G. l From ItzCl and rinS('S), in the 
cold (Miguel, a4. Vh . (.'ll U, Pungent 

liquid. l)eeompoH<'d by boiling water into 
bensamidu and BHH. Hu tong standing it de¬ 
posits an ilOinoridc which is deO<>nipte:ed 
by waUw at 200® into Nil*, biuizoio acid, and 

n S * • 

'BENZOYL.TAHTABIC ACID c. TAKTAUtO 

A0fl>. 

B£NZ0YZ..T£E£P;HTHA11C acid f. Bksz*>* 
fill.NoNK n!('All»ox\l.li’ Alin. ^ . 

BENZOYL THIOAHSENITE C,.n„As8,0, i.c. | 

A 8 (Sllzh. (17li’'i. Frotn BzCl and As^ 8 ,. Au ; 
amutoniacal seUition gi^s with IfgCl, a pp. of . 

Hg(bP?d. (Bavman. HI. 47, i^%). 

BENZOYL THIO CAKBAHIC ACID | 

G,H.NSO,. Met hut I'ther Bz.NH.CO.S.Mo. j From ben/.plnacone and diluio II Stf or HCl at 
(?7®j. From benzoyl Hul[»hooyanide and methyl • 200^. It is even slowly form*.<riiy re|vati;illj 
Jkloohol (Miguel, A. Ch. lAl’ll, 3e0). Slender I rccryslallising bonzpinacono front hut alcohol 
aaadios (from dilute alcohol). 81. aol. water, v. i (Z.). I. From (o)-benzpinacoline by healing 
aoL alcohol. Water in largo exwss at UK)^ i with AeCl. IlCl, or H SO*. 

Ibmis BzNfT.., methyl alcohol, 11 ^ 8 , and CO,, j P>r;>ii HClAq ia adiled to a saturated 
gait.- BzNN’Vco.SMe, From the elliori'al ' solution of bcnzpinacone in HOAc uruif a tur. 

MoONo. J billilj apiwars. Tho miiture is boiled 4 $ 

~.V.'!,j<'i«‘iir 7 ov'.h«r DiNfl.CO.SEt. ~i']. From ; n)inut«A,»ith Rraduel addition ol HCUa (Zam. 

•SOlune kuf‘ 1 « and ; laeniiy, Bt. [Sj 81. 833 ; 85.6«0). 
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etim. Thia iniioateg {he pTesenoe of hydroeyl 
ia ^-bromo-aoeto-aaetio ether. 

(4) (The aotion of antltonia, and especially of 
di^Uiylamine. 

In favour of Frankland’s formula may be noted 
the compounds with NaH80„ phenyl-hydrazine, 
and hydroxylamine. , ^ 

The aotion of sodium upon aoeto-aoetic ether 
would be represented by Franklaud’s formula, 
thus: 

CH,CO.CH,.CO,Et-fNa=CH,.OO.C}fuH.CX).m+n. 

Ktiiyl iodide converts the product into ethyl- 
Boeto-acetic ether: 

OH..OOX)h'aH.CO,Kt-rEtI=OH,.CO.CEtII.OO,Kt-rNat 
These two reactions may be repeated upon the 
ethyUaceto-aoetio ether: 

ClI_CO.CKtl[.CO,Bt+Na=C)I..CO.OEtNa.CO,Kt+n 
Cn,.OO.OKt Na.CO,Et-I-E«=01 l,.Cl).CI!t..CO.Et+Nal. 

Adopting Geuther’s formula, the four equations 
become: 

OH..O(OH)«n.CO.Et+Na=On,.C(Otfa):Cn.CO.Et-l-n 

CH..CtON8)<3H.CO,Bt-^EtI=CH,.C(0^:^):Olr.CO,Et-^NaI 

OH..n(OEt)CH.CO,Et+Na=01I,.C(OEt):O.N'a.CO,Et+H 

CH,.C(OE.)^:Na.CO,Et■HaI=C^,C(OEt):CEt.OO.Kt-^^'aI 

It will be seen that the third and fourth equa¬ 
tions are similar to the first and second on 
Frankland's hypothesis, but different in kind 
to the first and second if Gcuther’s hypothesis 
be accepted. Such a difference is not borne out 
by experiment. Thus if it be held tliat the 
aotion of sodium upon aceto-acctic ether depends 
upon its affinity for oxygen, the third equation 
presents a difliculty. And if we suppose that, 
owing to some intra-molecular change, the third 
equation ought to be written thus; 
CU,.CXOEt):CH.CO,Et-eNa-C[I..C(OSa):OKt.OO,Et-HI 
then by the action of acetic acid on the product 
we ought to get an ether CH3.C(OlI);CJ3t.CO.Et 
isomeric, not identical, with ethyl-aceto-aeetio 
ether, CH,.C(OEt):CH.CO.Eti but the two ethers 
are found to be identical (James, G. J. 47,1). 'In¬ 
asmuch as the change of CH3.C(0Il):Cliit.C03Et 
into CH3.C(0Et);CH.C0,Et would be contrary 
to all analogy, it is neccss.iry, if wo adopt 
Geuther's formula, to assume that the mode 
of formation of di-ethyl-aceto-acetio ether is 
something very different from that of ethyl- 
ac|to-aoetio ether. Again Geuther’s formula 
wmild make methyl-ethyl-accto-ftcctic ether, 
0Hs.C(0Et):GMe.C02Et and cthyl-mcthyl-aceto- 
aoetioi other, CIl3.C(OMo);GEt.C03Et isomeric, 
yet this does not appear to be the case (James). 

It may bo said that there is some improba¬ 
bility in the assumption required by Fraukland's 
formula, of direct union between sodium anil 
carbon, bnt such a union is known to occur in 
sodium acetylide'and sodium etbide, and it is 
very probable in many cases, such as sodio- 
malonic ether, sodium nitro-ethane, and sodio 
barbiturate. In order that hydrogen attached 
to carbon may be ^displaceable by metals, it is 
necessary that very powerful chlorous groups 
should also be attached to the carbon, such as 
.tha nitroxyl in nitro-etbanc. One carbonyl, CO, 
is not Botficient to produce an acid, but two are. 
Thus tffo hydrogen in the group CO.CH2.CO is 
displaceable iwmetals, as in barbituric acid, 
,1»H.C0, 

COG >CHj. t 

\i?H.C0' a 

These considb&tious account for the acidity ot 
aeeto-adbtie ether, if we assume Franklaud’s 
tomula CH,.C0.CHrC0.0H. 


Althou(^ ihe existenoa ofabet^l-aoeio-AMtie 
ether favours Qeuttrer's l^othesis, yet the fact 
that this body is a strong aoid is wholly opposed 
to that view, and is very much better explmned 
by thi formula Oa,.CO.OH(CO.(4H.).CO.OEt, 
since if two carBbnyls can malte the group CH( 
acid, d fortiori three oarbonyls can have a simi* 
lar effect. • ^ 

The formation ot ethyl and di-ethyl-aeetone 
from ethyl-aoeto-acetio ether and di-ethyl-aceto- 
aeetio ether respectively cannot be explained 
on Geuther’s hypothesis. 

If, therefore, we have to choose between one 
formula and the other, the balance of evidenee 
would indicate CH3.C0.CH2.C02Et. 

Methyl aoeto-acetate CiH,03 i.e. CH2Ao.COjMe 
(170'^ cor.) S.G. s 1'037 (Brandes, J.Z. 3, 25). 
From sodium and methyl acetate. Gi vos a cherry- 
red colour with Fe-jClj. Boiled with acids or strong 
bases it gives COj, acetone, and MeOH. 

CH,.CO.CIINa.OO.Me. SI. sol. other. 
—Cu(C3H,0,)22aq. Separates on adding cuprio 
acetate and baryta water to the ether as pale 
green crystals, insoluble in alcohol. 

Iso-butyl aceto - acetate CyHnOi t.e. 
CII..Ao.CO,C,n3 (202“-200“) S.G. 2-979; l!»-932. 
From iso-butyl acetate and sodium. 

Iso-amyl aceto - acetate C,H„0, i.e. 
Cri-.\c.C02C3H„ (223“) S.G. {?., -954. From 
iso-amyl acetate and Na (Conrad, A. 186, 228). 
Converted by Cl into an oily di-chloro-dorivative 
(Conrad, .4.180,213) and by NH, into the imide 
of aceto-acfctato of iso-amyl [190 '-195^ (Collie, 
A. 220, 319). 

ALKYLATED ACETO-ACETIC ETHERS. 
Sodium aceto-acctio ether is converted by alkyl 
iodides into mono-alkyl aceto-acctio ethers, 
CU.CO.CXlI.CO-Et. 'i’he sodium derivatives 
of thesi are in like maaner converted by 
alkyl iodides into di-alkyl-accto-aoetio ethers, 
CHj.CO.CXY.CO-Et. Such ethers are of great 
service in organic syntheses, for they are split up 
by weak alkalis into carbonic acid and mono- or 
di-alkyl acetones: ClL.CO.CXY.CO .Et -r 2KOH - 
CHj.CO.CXYU I Hdr'it + K-COj, and by strong 
potash into mono- or di-alkyl-acctio aoid and 
acetic acid : Cll ,.(:O.CXY.CO.,Et-e 2KOH- 
CHj-COjK + HCXY.CO-K + HOEt. 

In practice the ketonio and acetic decompo¬ 
sitions botii occur, at the same time, but the 
acetic decomposition increases with tho con¬ 
centration ot the alkali ^Visliccnus, J.206,308). 

J'reyjiiraiiOH. -The alkyl-aceto-acctio ethers 
are prepared by dissolving tlic calculated quan¬ 
tity of sodium in 10 times its weight of alj-soluta 
alcohol, cooling, adding tho accto-acetio ether 
and then the alkyl iodide until the liquid, which 
may bo warmed, if necessary, is neutral to 
litmus. The greater part of the alcohol is then 
distilled off and water is added.* This dissolves 
the Nal and the new ether rises as an oil and ia 
fractionated (Conrad a. Limpach, A. 192,164). 

A. Wlin ONE MONOVXLENT llAI>IOI.E. 

Methyl - aceto - acetic Acid 0,3,0, f.<. 
CH,.CO.CHMe.C03H. A ttii«k liquid which 
splits up on warming into CO, .and methyl 
etM ketone (Cereaolo, B. 16,1874). Its barium 
salv is soluble and gives a violet colSte vith 
Fe,OL. Nitrous aoid forma iso-hitroso-n^thyl- 
ethyl-ketqpe. 

HsfAyf JSthor oa„oo.caiuoo^ 
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{i7!P4* ert.) S.Q^ \ I'OSO {Btaode*, Z. 1886, 

468), From M^tua aoeto-aoetate ol methyl 
and Mel. StoellB like mint. Givea a violet-red 
colour with Fe..Cl,. . - 

Bthyi emt OH,*CO.CHMe.COjEtll8fr8° 
^or.)(Geuther, 2.1866,6). S.«.«l-009. Givea 
a deep blue colour with Fe,Cl,. 

Meaclioiu. —1. SodiuM amalgam givea an 
oxy-vaterio acid CH,CH(OH).CHMe.CO,H.-2. 
Potash iorms methyl-ethyl ketone, alcohol and 
KjCOj.—3. PCI, givea chloro-methyl-crotonio 
acid [69‘6°] (206°) (Biicker),ohloro-methyl-aceto- 
acetio ether, C,H„C10, (180°) S.G. » 1-09.'?, 
amelling ol peppermint, and di-cliloro-methyl- 
aceto-acetio ethi* ; (210°-220°) S.G. w 1-225 
(Isbert, A. 234, M8).—4. Sodium and cyanogen 
chloride iorm^Jt^ano-metliyl-aoeto-aoetio 
ether CAoMeOy.CO.,Et (c. 93°) at 20 mm. S. G. 
•a -996. It ia a colourless liquid insol. water and 
alkaUa (Hold, 0. B. 95, 622; Bl. [2] 41, 330). 

Acetyl,derivative C,H,,0, t.c. CMcAc,CO.jEt. 
Methyl-^acctyl-acetic ether (205°-220°). From 
methyl-aceto-acetio ether in ethereal solution 
and AcCl (James, A. 226, 219, G. J. 47,1). SI. 
Bol. water. Coloured ra.spborry red by Fe.Cl,. 
Does not pp. cupric acetate, even on addition of 
‘dilute NaOH. 

Ethyl-aceto-acetio acid. 

Methyl ether CHj.CO,CElH.CO..Mo (189-7° 
cor.) S. G. it *995 (Brandos, Z. 1866, 457), Fe,Ci, 
gives deep violet colour. Cone. NH, forms .an 
oil CjHjjNO,, the imide of ethyl-aceto-acetatc of 
methyl insoluble in water, and also silky needles 
[83°] of a soluble amide (probably C„H|,NO, see 
below) (Brandea, Z. 1866, 457). 

Bthyl ether C,H,,Oa i.e. CAcEtll.COoEt 
(198° cor.) S.G. « -998 (G.); -983 (P. D.) 

(Geuther, Ar. Ph. [2] 116, 97; F’rankland a. 
Dup(fe, 0. J. [2] 4,4196; Wislicenus, A.*86,187). 

Preparotion.—Accto-acftic ctl-.er is (lissolved 
in benzene and four-fifths of the calculated quan¬ 
tity of sodium added, then EH, and the product 
rectified. The aceto-acetic ether recovered i.s 
treated with the remaining fifth of the sodium. 
Yield 70 per cent. (Wedcl,¥l. 219,100). 

Properties.—hn oil. Coloured blue by Fe.Cl,,. 

BeacUons. —1. Keduced by sodium amalgam 
to an oxy-hoxoio ^d, CII,.CH(OH).CIIEt.CO.,H. | 
2. Boiled w-ith baryta or weak alcoholic KOH, it j 
gives methyl propyl ketone.—3. Boiled with cone, 
alcoholic KOH, or heated with dry NaOEl, it gives 
n-butyric acid and acetic acid, or their ethers.— 
4. Treated with NaOEt and cyanogen chloride 
it forma cyano-eihyl-accto-acelic ether, 
CHj.CO.CEtCy.COjEt (c. 105°) at 20 mm. S.G. 
tn *976. A colourless liquid with agreeable odour. 
Insoi. in water or alkaline solutions, miscible 
with alcohol or ether (Held, C. B. 98, 622, Bl. 
[2] 41, 330).—5. Bromine acting on an ethereal 
solution fornftsmono- di- and tri- bbomo-eiiivl- 
iOETO-AOKTio KTiiEB (q. o.).—6. PCI, givos inono- 
and di- CHLOBO-BIUVL-AOETO-AOETIO ETltEB, and 
only one OHloBO-ETnYL-OEOTONfo acid {q. o.) 
(Isbert, A, 234, 183).—7. Benzoic aldehyde 
and HCl tonn^Vne benzylidene-etbyl-aceto- 
acetio ether or cinnamoyl-ethyl-aoetio ether, 
Ph.OH:CH.OO.OHEt.CO.,Et (210°) at 22 mm. 
Co8vet4bd by NaOEt and EtI into einnamo^-di- 
S^yl-Metic ether.—8. Cone, aqueous ammonia 
fnpna tm amidea,one soluble inwatei^C,H„NO„ 
dto otabr.inaidabiB, C,HuNOi. Tha^ are formed 


So equi-moleonla* quantities»the oily iuBoloble ’ 
amide crystallises when cooled. On distiiling 
the soluble amide doedbot pass over with steam. 

Insoluble amide C,H„NOj imide of ethyi- 
aoeto-acetio ether CHg.C(NH).CHEt.CO.Et or 
eH,.C(NHj):CEt.COgEt [69-5"]. Monoolmio 
tablets (from alcohol), jmcUing of peppermint. 
Decomposed by water, or dilute acids, into NHj 
and ethyl-aceto-acetic ether (Geuther, Z. 1871, 
217). 

Solublo amideOaH„NO.., i.e. OAcHEt.CONHj 
[90 ]. Needles (from water, alcohol, or ether). 
May be sublimed. May be obtained from the 
preceding body by healing with water at 135°. 
On dry distillation it gives NHj.CO.^ and methyl 
propyl ketone. The latter body is also formed 
by heating it with water at 200°, with boiling 
a<iucou8 HCl, with CaCL, ZnCh, P.jOj, or PCl^ 
(Isbert lakes it to ho di-ethyl ketone). Healed 
with dry KOH at 100° it forms butj-iio and acetio 
acids (Isbert, .1. 231,170). 

Saifs.-CHj.CO.CNaEt.CO-Et, Formed by 
adding sodium to a solution of ethyl-aceto-acctic 
ether in drv ether or benzene (3 or 1 vols.) (J. W. 
James, C. J. 47,1). Also by shaking an ethereal 
solution of the ether with perfectly dry NaOH 
(Elion, B. 3, 231). It is amorphon.s. V. sol. 
etlier. A little water added to its ethereal solu¬ 
tion forms a pp. of CHj.CO.CNaEt.CO^Et aq, 
iusol. other or benzene, but sol. water or alcohol. 
Acetio acid re-converts the sodium salt into 
ethyl-aceto-aoetio ether (v. constitution of Aoexo- 
ACK-i-ic etueb). 

Ethyl aocto-acctio ether forms no copper 
compound. Tliis is thought to favour the fot^ 
mula CH,.C(OEt)-.Cn.CO.Et. 

Iso-amyl ether CIIa.CO.CHEt.CO^CjH,, 
(233°-236°) S.G. J?., -937 gives no colour withi 
Fe..Cl. (Conrad, A. 186, 228). 

Acetyl dcrU'aiive Cn,.CO.C.\cEt.CO.jEt.. 
Bthyl-di-acelyl-acelic ether (c. 230-') ; (144°- 
160°) at 50 mm. S.G. « 1-034. From 
: Cn,.CO.CNaEt.CO.Et .and AeCl (Elion, B. 3, 
265). Liquid. Insol. KOHAq. Gives no colour 
with Ee.,Cl,. Alcoholic NH, converts it into 
acetamide and CH,.CO.CHEt.COaEt. 

Ally!-a«to-acetic Etlier C,n„Oj 

CU,.CO.CH(G,H,,).CO.,Et (206°) (Zeidler, A. 187» 
j 33) (211° cor.) at 720 mm. (Perkin, CtJ. 45* 
510). S.G. -982 (Z.) ; -993; H -98.5 (P.l- 

From sodium accto-acetio etlier and allyl iodiai> 
{Z.-, Wolff, A. 201, 16). From aceto-acetic! 
ether, allyl iodide, and zinc, di-allyl-aceto-acotio 
ether being also formed (0, Hofmann, A. 201,77). 

Iteaclions.—l. Fe-Cl^ giv* a crimson colour. 
2. Boiling alcoliolic KOH forms COj and allyl- 
acetone.-3. Dry NaOEt at 160°-1CO° givesethy! 
acetate and allyl-acetato.-4. Sodium amalgam 
forms an oxy-heptenoio aci#, # 

CH,.C(0II)H.CH(0,iyC0„H. 

Propyl-aceto-acetic Ether 0sH,«O| As, 
CH,.CO.CHPr.COsEt (209°) S.G. | -981. From 
aceto-acetic ether (163g.) by adding first i solu¬ 
tion of sodium (27g.) in dry alcohol (StOg.) aii< _ 
then PrI (206g.) (Burton, Atn. 886). Decom- 
posed by aqueous KOH 4nto COj, alcohol, and 
•uethyl butyl ketone. 

Iso-fTopyl-aoeto-acetlo Ether G,H,,0, tc, 
OH,.CO.CPrH.OOjet (201°) at mm. S.Q.* 
•880. From sodium aoeto-aoetio otha#and iso¬ 
propyl iodide (Frankland a- Dnppa, A. 145,78^ 




H 




Coloured pele reddish-tdolet bV Pe,OL (Deiar- 
vay, Bl. 27, 224). / v 

lao-butyl-aeeto-aoetft Bther 0,,H,,0, ».«. 
fe.OH:,CHAo.CO;Et (218°) S.G. >t» 'OSl. From 
Bodiom Boeto-acetio ether and iso-butyl'iodide 
(B<An, A. 190, 806). Decomposed by baryta 
giving methyl iso-amyl ketond' and iso-bntyl- 
aoetio (hexoio) acid. ^ 

Eeptyl-aoeto-aoetie Ether 0,aMj|0, ».«. 
OH,.CO.OH(C,H,J.COaBt (272°) S.O. •9324. 
From sodium aceto-acetio ether and hoptyl 
iodide (Jourdan, A. 200, 105). Ciolourless oil. 
Decomposed by dilate alkalis into methyl octyl 
ketone and COj; and by cone, alkalis into 
acetic and n-ennoic acids. 

Secondary Heptyl-aceto-acetic Ether (250°- 
260°). Prepared similarly from secondary heptyl 
iodide (Venable, B. 13,1651). 

Octyl-aceto-acetio Ether CuH..jO, i.e. 
OH,.CO.C(C,H„)H.CO.Et (281°) S.G.-9351. 
From octyl iodide and sodium accto-acctic ether 
^uthzeit, A. 204,1), Decomposed by alcoholic 
KOH into methyl ennyl ketone and decoic 
acid. 

Beniyl-aoeto-acetio Ether C„H,»0, i.e. 
CH,.CO.CH(CH.Ph)COjEt (276°) S.G. ||| 1'030. 
From sodium aceto-acetic ether and benzyl chlo¬ 
ride (Ehrlich, D. 7, 690; A. 187,12 j Conrad, B. 
11,1056). Sodium amalgam gives exo-oxy-phenyl- 
valerio acid CH,.CH(OH).CH(CH._.Ph).C02Et. 
Alcoholic EOH forms phenyl-ethyl methyl 
ketone. 

B. WiTB TWO D1-TA1.ENT Radicles : 

Ethylene-aceto-acetic Acid. 
0 Hj.C0 .0(02H4).CO2H. From the ether by 
saponiOcation. Liquid. Decomposed by heat 
or by dilute acids into tri-methylene methyl 
ketone 

.CH. 

CH..CO.CH< I ■ and CO,. 

\CH, 

SaU.—AgK'. 

JStApi ether.—EtA'(103°-195°). p’romaecto- ' 
aoetio ether (26g.) by adding a solution of sodium | 
fog.) in alcohol followed by ethylene bromide 
{38g.) The liquid is boiled forNjight hours, ! 
filtered, and distilled. The residue is boiled for ; 
twelva hours longer with a solution of so.iium I 
(5g.) in alcohol, evaporated, and treated with ' 
water. The ether is extracted by ether and 
dried over K,CO,,(W.n.Porkin,iun., O.-f. 47,834; i 
J5. 16, 2136; 19, 1247), It reacts with phenyl- ! 
hydrazine, forming an oil. ‘ 

Ethylidene-acCtc-acetic Ether. 
CH,.CH:CAe.CO.,Et (210’_212°) S.O. l! 1-023 
By passing HCl into aldehyde (1 pt.) mixed with 
aceto-acetio ether (3 pts.) (L. Claisen a. F. H. 
Matthews, A. 218, #72; Claisen, B. 14, 34.5). 

Pungent ethereal oil. Miscible with H,,SO,. 

Beactions, —1, Hot pota.sh decomposes it, 
forming aldehyde.—2. Combines with bromine. 

l^^-shloro-ethylidene-aceto-acetie Ether. 

CCl,.CH ; CAo.CO,Et. S.G. H 1-342 

From ehlaml, aceto-acetio ether and Ac,0 at 
160°. (Claisen a. Matthews. A. 218,176). 

Thick oil. Decomposed by heat. 

' Fropylene-aceto-acetio Acid. 


CHg- 


^CAo.CO,H 


ch/ 


From the ether bf, saponifioatioa. OH 
Forms an amorphous silver salt, AgA'. 

Ethyt^ther (210“-216°) at 720 mm. Aceto- 
acetio gther (36g.) is heated with sodium (4-6g.), 
dissolved in dry alcohol" and peppybene bromide 
(40g.) at 100°. ®After two days the tubes ara 
opened and a fresh Mantity of alcoholic NaOEt 
(from 4-6g. sodiumpis added, and the tubes 
heated aga(n at 100° (Perkin, jun., B. 17,1443). 

Tri-methylene Bromide acts on aceto- 
acetio ether in presence of NaOEt, but the 
product C„H„0, (V.D. 0-21) is not tri-methylene- 
aceto-acetic ether, for its boiling point (223°) and 
molecular magnetic rotation, 10-195, are both 
too high, and it docs not react with phenyl- 
hydrazine. It is, however, the ether of a crys¬ 
talline acid which splits np on distillation into 
CO, and C^HuO, and on boiling with water into 
CO, and acetyl-butyl alcohol. The acid isprobably 
.C(CO,H):CMo 

\CH..CH,.<!) 

(Perkin, jun., B. 16, 208,1789; 19, 1247, 2557). 

Iso-butylidene-aceto-acetic Ether 
(CH,),Cn,CH:CAc.CO,Et(219°-222°). 

From isobutyrio aldehyde, aceto-acetio ether 
and nCI (Claisen a. Matthews, A. 218,174). 

Liquid smelling of peppermint. 

Iso-amylidene-aceto-acetic Ether. 
(CH,),CH.CH,.Cn:CAc.CO..Et 
(237°-241°) S.G. iS -961. From valeric aldehyde, 
aceto-acetio ether and HCl (Claisen a. Matthews, 
A. 218,174). 

Benzylidene-acetc-acetic Ether 
Ph.CH : CAo.CO.,Et (a-accto-cinnamic ether), 
[60’] (180°-182°) at 17 mm. (295°-297°) at 760 
imn. From aceto-acetic ether, benzoic aldehyde 
and gaseous HCl at O’. (Claisen a. Matthews, 
A. 218,C 77 ) 4 or 6 sided tables (from alcohol); 
trimetric, a: b: 0 = -447:1 : -962. Colourless oil, 
solidifying very slowly. V. sol. ebjoroform, m. 
sol. cold alcohol, ether, glacial acetic acid or 
CS,.,. V. si. sol. benzoline, In.soluble in aqueous 
KOII. H-SO, foTToa a bright yellow solution 
which, on warming, occomes very dark red. On 
pouring this solution into water a white pp. 
is formed, and on adding NaOH this dissolves, 
forming a violet solution. 

Ttcacliom .—Bromine in ether forms a di¬ 
bromide (97°). This forms short needles (from 
benzoline). 

Theory of the Proem.—Benzole aldehyde 
probably first cembines with HCl forming 
Ph.CH(On)Cl, and this reacts with aceto-acetio 
ether thus: 

Ph.CnCl(OH) CH.Ac.CO,Et =, ' 

H.,0 + Ph.CHCl.CHAc.CO,Et. 

Two compounds of this formula may be isolated 
before distillation, one forms pribms [41°), the 
other small rhombohedra or ofliclinio tables 
[72°] (both from benzoline). They are both 
unstable, givmg oil HOI. One of them has pro¬ 
bably the formula Ph.CHCl.CHAo.COjEt and 
decomposes into HCl and Ph.CH:CAc.COjEt, 
which recombines with HG4 4»rming the other 
Ph.CH^CClAc.C0.4Et. On distillation both pro- 
ba^ly give HCl and benzylidene-aceto-aoetic ether. 

*BenzyUdene-ethyl-Bosto-seetls Ethi^ 0 
Ph.CH:CH.CO.OHEt.CO,Et 
(205°-22^ at 22 mm. (Cinnamoyl-eihyl-aeetie 
ether). From benzoic aldehyde, ethyl-aeeto- 
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Mctie etlier, and BOl. Tield small (Olaisen a. 
Matthews, il. 318,184). 

BensyUie&e^i'ethyl'Seeto-aeetts Eth« 
Ph.OH:OS.CO,OEt,.CO.;Ett 
|101'’-10l?]. tt’oiinaHon.~(l) From the above, 
KaOEt, and EtI.—( 8 ) From bcnsoio aldehyde,* 
di^ethyl-aceto-acetio et)^r, and HCl (G.M.). Tri- 
eliujp prisms (from benzoline), v. sol. ether 
or chloroform, m. sol. cold alcohol or benzoline. 
Dibi'oniide [56°]. 

Farforal-aceto-acetio Ether 
(C 5 H, 0 )''CAo.CO,Et 

[62-6°]. (189°) at 30 mm. From fnrfur-aidehydo, 
aceto-acetio ether, and ACjO at 100°. (Claisen 
a. Matthews, A. 218,176.) Trimetrio crystais, 
a : b ; 0 = '439 : 1 : ‘465. V. sol. alcohol, glacial 
acetic acid, chloroform, and benzene. M. sol. 
ether, si. sol. benzoline. 

C. With two Monovalent Radicles. 

Di-metbyl-aceto-acetic Acid 

C.H,.0, i.c. Cn,.CO.CMo,.COjH. 

From the ether by dissolving in cold dilute 
(2j per cent.) aqueous KOH, setting aside lor a 
day or two, then acidifying with HjSO,, ez- 
tracting with ether, evaporating the ether, and 
triturating with BaCOj. The crystalline barium 
salt, BaA./, is decomposed by dilute H.SO, (Cere- 
sole, J3. is, 1871). Very hygroscopic crystals, 
which slowly split up into CO., and methyl iso¬ 
propyl ketone. The barium salt gives a brown 
colour or pp. with FejClj. It reduces boiling 
silver nitrate. 

Ethyl Ether 

C.H,,0, i.e. CH,.C 0 .CMe 2 .C 02 Et 
(184°) S.G. i-'991. From sodium methyl-aceto- 
acetic ether and Mel (Frankland a. Duppa, A. 
138, 328). Potash or baryta splits it up into 
ali^hol, COj, and methyl iso-propyl ketone. 

Methyl-ethylsaceto-acotic Ether* 
CH,.CO.CMeEt.CO.Et 

(196° uncor.) (J.) (201° i. V.) ‘(Wisliccnus, A. 
219, 308). S.G. '947. From sodium ethyl- 
aoeto-acctic ether and Mel (Saur, A. 188, 257); 
or sodium methyl-acclB-aoetio ether and Etl 
(J. W. James, A. 226, 209; C. /. 47, 1). Oil. 
FejCIj gives a violet colour. Distilled with dry 
NaOEt it gives ethyl acetate and ethyl methyl- 
ethyl-acetate (or valerate). 

Uethyl-allyl-aceto-acetic Ether 
C,„H ,„03 i.e. CH,.CO.CMe(C,n,)CO,Et 
(o. 209°-2il'). From allyl-accto-acctic ether, 
Mel, and NaOEt (James, C. J. 47, 3). Pleasant- 
smelling oil, miscible with alcohol, ether, or ben¬ 
zene. FOjCl, gives no colour. The same body 
may be got from methyl-aceto-acctio ether, allyl 
iodide, and NaOEt. 

Methyl-propyl-aceto-acetio Ether 
C,„H „03 i.e. CH,.CO.CMcPr.CO.iEt 
(214°) (t.K.) J (216°) (J.). S.G. -959 (L.K.); 
V •9676 [J.f, From methyl-aceto-acctio ether, 
NaOEt, and PrI (Liebermann a. Kleemann, B. 
17,918) or from propyl-aceto-aqptio ether, NaOEt, 
and Mel (E. J. Jones, A. 226, 287). 

bi-ethyl-aceto-aeetio acid 

aiI, 1 CO.C(C.A) 2 -COjH. 

Thick colourless liquid. 81. sol. water. 

Puparation. —Di-ethyl-acet-acetic etiier it 
Wt ^ the cold for several weeks withaO p.o. 
a(meous EOH. After removing the unaltered 
ether, the product is acidified an^Aitracted with 
ether, and the acid purified by conversion into 


&e barium sidt, acidi^ng the jatter, and again 
extracting with etlmr. 

Reactions. —It TOOdmposes very slowly in the 
cpld, but on heating to 60° it rapidly evolves 
COj, forming di-othyl-acetone. The latter body 
is also formed by distilling the barium salt. 

Salts.— easily soluble white micro¬ 
scopic crystals.—A'jBa 2aq; transparent prisms, 
rotates on water (Ceresole, B. 16, 830). 

Ethyl ether 0,„H„O, i.e. CH,.CO.CEt..CO„Et 
(218°). S.G. S3 -974. From sodium ethyi-aceto- 
acetic ether and Etl (Frankland a. Duppa, A. 
138, 211; James, A. 226,205). From Cl.CO,Et, 
Na, and Etl (Geuther a. Matthey, J.pr. [2] 6 , 

Reactions.—1. With hot aqueous baryta it 
gives di-ethyl-acetonc.—2. Distilled with dry 
NaOEt it gives di-ethyl-acetio (hoxoic) ether, 
acetic acid, and sodio di-ethyl-acetate.—3. PCI, 
gives mono- and di-chloro-di-ethyl-aoeto-aoetio 
ether and chloro-ethyl-crotonio ether (James, 
A. 231,235).—4; With benzoic aldehyde and HCi 
gas it forms some C,H,.CH;CH.CO.CEtj.CO.jEt, 
ci'nnamoyl-di-ethyl-acetio ether. Crystals, 
[102°], (200°-205°) at 3 mm. Easily soluble in 
ether and chloroform, slightly in cold alcohol 
and in iight petroleum (Matthews, C. J. 43, 205). 
Bromine in chloroform forms a di-bromide, 
[56°]. Prisms v. sol. alcohol and light petroleum. 

Di-allyl-aceto-acetic Ether 

CII,.CO.C(C3lI,),CO.JEt 

(240°). S.G. ff., '948. From sodium allyl-aceto- 
acetio ether and allyl bromide (Wolfl, A. 201,45). 
From aceto-acetic ether, allyl iodide, and zino 
(0. nofniann, A. 201, 77). Colourless oil, with 
faint , peculiar odour. Insol. water, sol, alcohol, 
ether, or benzene. Boiling cone. KOHAq forms 
di-allyl-acetone, or methyl heptinyl ketone, and 
di-allyl-acctic acid. 

Di-propyl-aceto-acetic Ether C|,H„0, f.«. 
CH,.CO.CPr,,.CO,Et (236°). S.G. a -9585. From 
sodium propyl-aceto-acetic ether and Pr^(Barton, 
Am. 3, 386). Alkalis spiit it up, pving di- 
propyl-aceto-acetic ether and di-propyl-acetone 
or methyl heptyl ketone. 

Di-isqbntyl-aceto-acetic Ether C„H,/), i.e. 
(PrCH,.).CAc.CO..E.t (250’-253°). S.G. ia - 947 . 
From sodium isobutyl-aceto-acetic ether and iso¬ 
butyl iodide (Mixter, B. 7, 600). • 

Bi-n-heptyl-aceto-acetio Ether 
0„II„0, i.c. CH,CO.C(C,H,J,CO,Et 
(332°) S.G. ’891. Formed together with di- 
hoptyl-acetio ether and methyl octyl ketone by 
heating sodium heptyl-ac»to.acetic ether with 
heptyl iodide and dry alcohol for a long time 
(Jourdan, A. 200, 112). Decomposed by dilute 
alkalis into CO, and methyl ^ntadeoyl ketone, 
and by concentrated alktlis into acetic ai^di- 
heptyl-acetio (hexadeooic) acids. 

Bi-octyl-aoeto-acetic Ether 
C,,H„0, i.c. CH,.CO.C(C.H„),.CO,E 6 
(264°) at 90 ram. (340°-342°) at 760 ipne. From 
octyl-aceto-acetic ether, NaO^, and octyl iodide 
(Guthzeit, A. 204, 9). Decotrilioscd by alkalis . 
into di-octyl-acetono (methyl heptadeoyl ketone) • 
and di-ootyl-acetic (heptadecoic) acid. 

Bbnzyl-methyl-aoeto-acstic Acid 

0„H„0, t.e. OH,.CO.CMe"CH..,Ph).CO,H 
[34°] (276°). From the ether by saponification 
81. sol. cold water. Salt : AgA'. 
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(Conrad, S, 11,10S6). 

■ .Bewsyf efher-PhOH^'(63“?). Methyl hy- 
dto-oinnameiin. Liquid. 

Bensyl-ethyl-aceto-aoelie £th^ 
CH,.CO.CKt(CH,Ph).CO,Et 
(296°). Colourless liquid. 

Si-benzyl-aceto-acetio Ether 

CH,.CO.C(CH^h)..CO.j:t. 

From sodium benzyl-aceto-acetio ether and 
benzyl chloride (Ehrlich, .4. 187, 21). Thick 
non-volatile liquid. 

OTHElt DEEIVATIVES of aceto-acetic acid 
will be described as acetyl derivativea.e.y. Achtyl- 
OLUTABIC KTIIER, ACKI'YL.SCCCIXIC E'l'UEll, A'C. ScO 
also OxY-ACETil-.rCE'I'IO ETIIKIC, O.YY-J)I-ETllVL- 
ACETO-AOEIIO EIUEU, OxY-M-METIIYL-ACEI(l-ACETIC 
ETimn. 

For analogous acids see PuopioNYL-pnorioNio 
ACID, VAlEBYL-VAlr.niO ACID. 

ACETO-BENZOYt-BEN ZOIC ANHYDBIDE v. 
Benzoyl-benzoic acetic anhydiiuie. 

ACETO-BBOMO-ACETIC ETHEE v. Biiojio- 

ACEXO-ACETIO EIHEE. 

ACETO-BEOMO-AMIDE v. Acetamioe. 
ACETO-BBXYEIC ACID u. Acetyl-butyric 
Acm. 

ACETO-CHLOEO-AMIOE v, Acetamiuk. 
ACETO-CHEORHYDEIII v. Glycerin. 
ACETO-CHEOEHYDSOSE; C,,U„C10, i.e. 
C,H,Ao,0,Cl. Formed by treating 1 mol. an¬ 
hydrous glucose with 5 mol-AcCl, and pnrillod 
by splution in chloroform, agitation with sodium 
cnbonate, and evaporation. - Semifluid; some¬ 
times crystalline. Dextro-gyratn. Hitter. In- 
sol. in water, sliglitly sol. in CS... easily in alco¬ 
hol, ether and cliloroform. Distils in a vacuum, 
partly undecomposed. Gives up all its cliloriuo 
to alcoholic silver nitrate, lleduee.s Fehling'-s 
solution. Keconverted into glucose by heating 
with wafer (Colley, C. It., 70,401). II. W. 
ACETO-CINNAMONE v. Denzylibenk-ace- 

lONE. 

ACETO-COBMAEIC acid V. CouiAiiic acid. 
ACETO-CBRCTIMIJI u. Curci'min. 
AOETO-ETHYL KITEATE G.JI.O, 20..H,NO, 
(84°-86°) S.O. JS 1-045. Formed by dry distil¬ 
lation ol potassium elhyl-.sulphale witli potas¬ 
sium nitrate. Liquid, Iiaving a sweet taste aud 
aromatic odour. Explodes violently when heated 
above its boiling point. Not miscible with water. 
Eesolved by heating ditli potash-lyo into aldehyde 
and nitric acid (Xadler, A. 116, 17.S). H. W. 
ACETO-ETHYL-SUCCINIC ACID v. Aceiyl- 

ETHTL-Sl'CCINIO ACIU. 

^CEXO-EXHYZe-TEZEKOKE v, Etiiyl-tui- 
ENYh SIETnYL KETONE. 

ACETO-GLYCEEOIiS v. Glycerin. 
AOETO-OUANAlfflEE v. Guaniiune. 
AraSTO-TETEA-METHYLENE v. TETR.tuE- 

rPTLENE BBTHYL KETONE. 

ACETO-MEBHYL-IHIEEONE v. Methyl- 

miENYL UETIIYL KETONA. 

ACEI0NAM1KE3. 

. DLAcetonamiiic t 

C,fl„NO If. CH,.CO.CH,.CMerNH,. 
-Pr^ifcffon.—1. Dry ammonia-gas is passed 
Into a naak containing boiling acetone, the con- 


I and themthrongh a condensing tube ,■ the distil’ 
late is neutralised With suiphifr^ said diluted 
with an equal voRme of water, and, after re¬ 
moving the ammonimi^ulphate wliich crystal¬ 
lises out, and distilling otT unaltered acetone, the 
liquid is evaporated to dryness and the residue 
exhausted with boiling alcohol. Diacetonamine 
sulphate then crystallises out on cooling, and 
may be purified by recrystallisation from alcohol 
(Heintz, .4.174,154).- 2. Acetone saturated with 
ammonia is loft to itself for three or four weeks, 
finely pounded oxalic acid is then added in quan¬ 
tity suflieient to form an acid salt, and a quantity 
of water equal to that of the acetone. The re¬ 
sulting crystalline precipitate is easily separated 
by boiling alcohol into insoluble ammonium ox¬ 
alate and soluble diacetonamine oxalate. A fur¬ 
ther qunntily of this last salt remains in the 
mother-liquor, together with salts of other bases 
(Sokoloff a. Latschinoll, S. 7,1384). 

Properties .—Free diacetonamine, separated 
from either of its salts by adding strong soda-lye 
and agitating with ether, is a colourless liquid 
lighter than water, having an ammoniacal odour 
and strong alkaline reaction; more soluble in 
cold than in hot water, mixes in all proportions 
with alcohol and ether; oxidises and turns brown 
on exposure to the air; forms crystalline salts 
with hydrochloric,sul plmric, and oxalic acids. By 
distillation it is for the most part resolved into 
NHj and mesityl oxide C„II|„0, and on the other 
hand is easily formed by ilircct combination of 
these bodies; C,,H,„0 + NH^ = C.H.jNO. 

Salts. —C,|H| 3 N 0 HC 1 crystallises from alco¬ 
hol in rhombic prisms, v. sol. alcohol, resolved 
by dry dt.stilhition into NII,C1 and Cjfl,„0 
(Heintz, A. 175,2.52)--(C„tl„N0,HCl).,PtCl„2U.,0 
crystalli.scs from water, in which it is easily so- 
luljlc (according to Sokoloff a. Latseliinoff j also 
in dilute alcohol), in orange-yellow monocliuio 
prisms coiitaining 214.0, wliich they give off 
ill a vacuum (H.); unScr ordinary pressure (3. 
and li.). The noriiial omlate (C„II|,NO).;C 3 HjOj 
forms monoclinio Ublets, very soluble in cold 
water, less soluble in alcohol than the acid salt. 
This latter CjH|,NO,CjH.O|,ILO, forma mono- 
elinic prisms; very soluble in hot, less in cold, 
water; easily in boiling alcohol, from which it 
separates out almost completely on cooling. The 
pknitc C,.H| 3 N' 0 ,C„H;i(N 0 .j) 30 ,II.j 0 , forms gold- 
yellow needles, somewhat sparingly soluble in 
cold water. Thcs«//j/iuf(!(CjH| 3 NO).Jt 3304 fojfmB 
monoclinio crystals (from alcohol).' 

Jtenctions. —1. HNO., decomposes the salts 
forming di-acetoue alcohol and mesityl oxide: 

2C„H,.,NO + 2I-INO- = 

C.H,.A I C„H,„0 + 2N3; SlHjO. 

2. Chromic acid mixture converts it into para¬ 
formaldehyde together with formic, acetic, and 
amido-iso-valcrio acids NH. 3 .CMq 3 .CHrCO,H, 
and a small quantity of amido-iso-butyric acid 
NH, 3 .CMft..C 03 H (Heintz, A. Hd%,A5).—8. Solid 
KOH forms an anhydride, OijHijN,© [83°]. 
This is V. sol. alcohol, chloroform, or benzene, 
m. sSl. other or light petroleum. Hot watpv 
decomposes it (Antrick, .4,227, 381). It forata 
a salt, (C,.,« 3 ,N 30 H 01 ) 3 PtCl„ when 67 . Small 
prisms,—4. &n aqaeona solution of diaosto^ 
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hydroobloridsB of diacetonamine oyanbydrin 
and of nitrilo-diacetonomine, ^ogetbe^ with a 
little ami(lo-it>-%ut 7 rio acid.^Heintz, A, 189, 
231 i 192,340).—5. Diacetonamine oxalate boiled 
with alcoholio solutioqp of aldehydes forms 
oondqpsation products.—6. Sodium amalgam 
reduces di-acetonaniine to a secondary aniido- 
iso-bexyl alcohol CHj.CH(OH).CIIs.CJIo.,NH,. 

CYANHYDBINS. 

Di-Aeetenamine cyai hydrin 

C,H,.N,0 or Me.C(OII)(CN).CH,.CMe,.NH,. 

Garbyio-di-aceionamine .—Prepared as de¬ 
scribed above (Beaclion 4).—Trinietrio prisms. 
V. sol. water.. Decomposed by boiling alcohol 
into HCN and diacetonamine. Boiling IICI 
saponilics it, forming Oxv-AMiuo-iraPToic aciu 
(j. 0 .), Me.C(OH)(CO.,H).CH.,.CMe-Nir„, the 
greater part of which changes to its anhydride, 
di-oxy-tri-melhyl-pyrroline, 

XO—NH 
MeC(0H)< I 

\CH.,-CMe, 

(Heintz, A. 192,329; Weil, A. 232, 208 r. Piaito- 
I use). 

Nitrllo-di-Acetonamine C,ir,|N,..0. The hy¬ 
drochloride is obtained, as above stated, to¬ 
gether with its isoraeride. The free base is crys¬ 
talline, easily soluble in water, sparingly in ether, 
and absorbs CO., from the air. Distinguished 
from carbylodiacelonamine by remaining un¬ 
altered when heated to lOO’-llO" with fuming 
hydrochloric acid. Kesolvcd by boiling witli 
baryta water into NH, and 
oxybiityrio acid C,lI,jNO;, 


anhydrous salt (Heintz, J. 1877, 442). 
Fentylidene-dl-aoetonamine C„H.j,NO 


CHMo,CHj.CH<' 


:CH, 


*\NH.CMe/ 

Vdlcral^i>acetonamine\oxy-di-methyl-%so-htityU 
tetra-hydro-pyridim [15^-22°]. From valerio 
aldehyde aud alcoholio di-acetonamine oxalate 
(Antrick, A. 227, 307). Needles in stars {from, 
ether). Insol. water, sol. alcohol, ether, benzene, 
and petroleum. 

Salia. -B',,H.,C,Ov Needles [190®]. V. al., 
Bol. cold water or alcohol.—(li'IICl).^tCl 4 [205®]* 
Heptylidene-di- acetonamine OjjHjjN 0 or 
.CH,. COv 

>CH, 

^NII.CMe,/ 

Oxy-dUmcthyl-liexyl-tetraAiydro-pyridim 
[20'5°J. From (cnanth-aldehyde and alcoholio 
di-acetonamine oxalate (Antrick, A» 227, 370). 
Needles (from ether). Oxalate li'j [o. 160®]* 

BenzyUdeno-di-acetoaamine Oi,H|,NO or 
/CBj. COv 

rh.cH< >ca, 

\NH.CMe/ 

Oxy-})hcnyl-di~methyl-tetra-hydro-pyridine [61°}. 
(230'’). Obtained as oxalate, by boiling 1 pt* 
i ben7.al(lehydo, 1 pt. acid diacetonamine oxalate,. 

I and 12 pts. alcohol, gradually separating as % 

1 powder which may bo purified by crystallisation 
1 from water. Colourless needles or monocUnio 
amido-trimotlpl- prisma (from ether). V. sol. alcohol and etlier;. 

. - . ’ anhydride. ; fjl. sol. water. Tasteless, has a faint sro- 

The platinochloride forms ; matic odour. Forms normal and acid salts.— 

ycllcj^v rhombic prisms slightly soluble in water. ! Cj,H,.N(.)HCl. Crusts or druses of crystals.— 
The oxalate C,H,^«^, 0 ,C.,H .,04 forms Snail erp^-1 (C,.,h'„NO,IIC 1) IHCi,. Warty groups of crya- 
.- /tr....!., A when separated from alcohol on ad¬ 
dition of ether, elongated six-sided tablets. 
Slightly soluble in hot, insol. in cold alcohol. 
The aurovhloridc forms pale-yellow crystals.— 
C,jII,,NOHN 03 -f 2IT,;0(V). Smallcrystals,mode> 
rately soluble in cold water.—(C,all,,NO).jH;iS 04 * 
Small crystals, easily soluble in water, very 
.slightly in absolute alcohol.-'-(C,sH,,NO).;, 0 *I£, 04 . 
Microscopic crystals, nearly insoluble in adcohol, 
V. si. sol. water (It. Schill, A. 193, 62). 
m-Amido-benzylideue-di-acetonamine 


tals m. sol. water, insol. alcohol (Heintz, A. 192, 
342). 

PRODUCTS FROM ALI'l'JlYHKS. 
Ethylidene-di-acetouamlno C^H^aNO 


CII,.CH> 




CH,. CO 


\ 


nCD., 


[27°J(200®) vinyl-di-acctonaminc\oxy4yi-methiiU 
tetradiydro-pyridine. 

F’mv/wfion.-Together with tri-acctonanune 
by action of aldehyde and ammonia on acclotie. 
In larger quantity as oxalate, by boilijig the acid 
oxalate of diacetonamine (10 g.) for sixty hours 
in a reflux apparatus with aldidiydo (10 g.) and 
alcohol (120 g.). The oxalate is washed with 
hot alcohol, and tlie free bases separated by 
potash (Heintz, .4.178,326; 189,214; 191,122). 

Preparation .—Ry boiling an alcoholic solu¬ 
tion of di-acetonamino oxalate with paralde¬ 
hyde (R. Fischer, f). 17, 1793). 

iwperfi«.*-Solidifies at -15° to rectangular 
or six-sided plate ong prisms. Is deli¬ 
quescent. Has a I I tasle,^iucUs like tri- 

melliylamine, but when warmed, like camphor. 

Reduced by sodium amalgam to its diliydride 
or ethenyl-di'a«»tofio-aloaminc. 

SOffs.—(B'HCl)^tCI,3aq. Flat prisms.— 
B'mHaSOi. Minute needles, v. sol. water, si. sol. al- 
loW.—SlsoLalcohol—3HjC,0,. 

A jplfltino^)hloride of vinyl-di-aoetonamine 
i&d tn-aoetonamine e 

+C|H,,NO.HCl)Piti4 + 2HaO 






CH^. COv 


WiUl 


^NII.CMe/ 

From tlio nitro-dcrivative «iy reduction 
SuClj. Oil. -B''JLCjO, [113=). 

p-Amido-benzylidene-di-acetonamino.—IVoia 
the nitio-dcrivativc by SuCl.. Saff.—B"H,CgO,, 
a-Nltro-beazylideno-di-acetoaamina . 


NO.,.C.lI..CH 




•CH... CO. 


^CH,. 


\NH.CMe/ 

From o-nitrobenzoio aldehyde and atqpbolio di- 
accton.'uuino oxalate. ^ 

Salts. -W, H,,0A-—BTICl.-^' HCI).PtCl,. 

m-Nitro-banzyUdene4i-aoetonamine. 

' Saffs.-B'HCl[208°].-(B'HCl).PtOl. [2033. 

p-llltro-benzyUdeiie.di-aoet()|^|]me [142-5'^. 
He^ee (from ether). Nearly insol. light petro. 
leum. * 

SdJto.-rB'HCl aq. [c. 206‘>].-^(B'HCi;^tCl* 





aobtokamnes. 


p-Osy-bMiiTUdtiM-di-aeatoiuuiuite 
.OIL. OOv 

ho.cach< ■ >CH,. 

NNaCMes^ 

From di-aoetonamine oxalate (5 pts.), p-oxy- 
benzoio aldehyde (4 pts.), and alcohol (20 pts.) ' 

Acid oxalate B'B.fifit,. 

Methyl derivative 

^ .CH,. CO. 

MeO.O.H,.CH< >CH,. 

From anisaldehyde and di-aoetonaraine oxalate. 

Oxalate [210°). 

Cinnamylidene-di-acetonamine 
,CH,. CO. 

Ph.CH:CH.CH< ' >CH,^ aq. [49'=]. 

\NH.CMe./ 

From oinnamio aldehyde, diacetonaraine, and 
boiling alcohol. Yellow needles (from alcohol). 
Easily soluble in ether, light petroleum, chloro¬ 
form and benzene, sparingly in water. 

TaaiUo-di-acetonamine CjiHuNOj i.e. 

,CH. . CO. 

OA(OMe)(OH)CH^^^'^^^^ P>Cn, 

is obtained by boiling equal parts of y.'lgJ'iiS 
and acid diacetonamiue oxaIq|,y.'((iacctonamino 
oohol, whereby normf.’' Tliis salt forms eitlicr 
oxalate is tijieif'or yellowish crystalline crust.s; 
a wbUo-irskr, insol. alcohol and ether. The 
is an alkaline oil, slightly soluble in 
j^ater.—CjjHnNOjHCi is easily soluble in al¬ 
cohol, and precipitated therefrom by other.— 
(0„H„N0,HCl)jPtCl,.-C„H„N0,HN0,. Very 
small crystals, ra. sol. water, and cold alcohol, 
(C„H„NO,)„HjSO.: lamina). (0„H„N0,).,C,H,0,: 
crystalline, v. si. sol. water, insol. alcohol 
(Heintz, A. 194, 53). 

ALKYL-DI-ACETONAMINES. 

Methyl di-acetonamine 
0,H„N0 i.e. C01Ie.CH,.CMej.NHMe, 
is formed, together with other bases, when 
acetone saturated with inethylamine is left to 
itself for several weeks. The base is ppd. as acid 
oxalate, and purified by conversion into platino- 
ohloridc.—Free methyldiacetonamide is very un¬ 
stable, quickly splitting up into methylamine and 
mesityl oxide. The hydrochloride is deliquescent. 
The phthwchlnride (C,H|jNOHCl),PtCl, crys¬ 
tallises in large light-red rhombic prisms, easily 
soluble in water, nearly insoluble in alcohol. 
The platinosochloride {C;H|,NOHCl).J’tCl.., pro¬ 
duced simultaneoqsly with the platinochloridc, 
forms dark red crystals. The aurochloride 
C,H|,NO,HCl,AuCl„ forms short prisms, m. sol. 
cold, V. sol. hot, water, alcohol, and ether. The 
tmrmal oxalate forms indis¬ 

tinct very deliquescent crystals, very soluble in 
absolute alcohol; theacici oxalate C,H, jNOCjHjO, 
crystallises in small prisms, m. sol. absolute 
alcohol. The picrate forms yellow needles 
(GStSbhmann, A. 197, 38). 

SimethyldAcetonamine 
C,H„ND i.e. CQMc.CH..CMOj.NMo„ 
is formed on heating a solution of dimethyla- 
mine in acetone at lOO^-lOS” in a scaled tubd? 
Free dimcth^ddiacetonamine has not Seen ob¬ 
tained a; it very easily splits up into dimethyl- 
amine and mesityl oxide. The platiiio-chloride 
(O,H(_l 4 OH 01 ),PtCl 4 0 iystallises m small tablets; 


the ottro-cWorids'in goldtn needles, si, sob 
water; thenifrafs and sulpAafs in long colour¬ 
less deliquescent needles v. sol^ alcohol. The 
acid oxqfate, is orystaffine, v. 

sol. water and alqphol, nearly ihjplullle in ether 
(GStsohmann, jl.*97, 27). 


0,H„N0 U. MeCO.CHj.CMe,.NHEt, 
is obtained by heating a solution of ethylamlne 
in acetone at 80“ lor six hours. OuHjjNjOjPtOl,, 
light red hexagonal plates, inMl. ether and 
alcohol, soluble in alcohol containing HCl. S. 
1T6 at 16°. Platinosochloride: O,„H,,NjOsPt0^: 
dark red prisms. S. 6*82 at 21“, insoluble in 
ether and in alcohol.—C bH„NOHCI forma hy¬ 
groscopic microcrystals decomposing at 160“.— 
C,H„NOAuCl, crystallises in large lemon-yellow 
rhombic plates. S. 2*48 at 22“; easily soluble 
in alcohol and ether; melts under water at 
about 70°.—The nitrate forms small needles.— 
(C,H,-NO)..H..SO, forms tufts of needles.— 
(C,TI,!NO)jC.XO„ concentric groups of hygro¬ 
scopic needles.—CjHuNOCjHjO,; needles.—Tire 
picrate C 4 H„NO,CA{NO.,)>OII forms short 
needle-shaped, nrisms y. sol. ryater, jnsol. alcohol 
„_j Free oinylcuacetonamine spues up 

even in the cold into ethylamine and mesityl 
oxide (Eppinger, A. 204, 60). The prolonged 
heating of ethylamine with acetone gives rise 
only to ethyl-diacetonamine, not to any base 
analogous to triacetonamine. Diethylamino does 
not appear to form any compound with acetone 
(Eppinger). 

Oehydrodiaeetonamine C,II|,N(?) contained 
in the mother-liquors of the preparation of acid 
diacetonamino oxalate, and passes over on dis¬ 
tilling them with an alkali. The platinochloride 
forms slightly sol. lamints (Heintz, A. 183,276). 

Triacetonamine C„H„NOv».(!. 

,CMe*.CH-v 
NH< >00 

\CMe,.CH/ 

Oxy - tetra - methyl - tetra - hydro -pyridine f68“] 
(hydrated); [39*6“] ^ry). Formation.—1. To¬ 
gether with diacetonaraine, by the action of 
ammonia on acetone, especially at high tempera¬ 
tures (Heintz, A. 174, 133).—2. By prolonged 
boiling of acetone with a solution of diaceto- 
namine : C4H,,NO + O.H,0 = C,H|,NO-|-H .40 
(Heintz, .4.178, 305). This, according to Heintz, 
is the best mode of preparing triacetonamine. 
It is purified by crystallisation of the oxalate. 
Triacetonamine separates from a solution of the 
normal oxalate mixed with KOH, as a hydrate 
CjH|,NO,Hp, which crystallises from anhydrous 
ether in large square tablets, and the mother- 
liquor on further evaporation and cooling to a 
very low temperature yields long needle-shaped 
crystals of anhydrous triacetonamine. Hydrated 
crystals rhombic o : 6 ; c «=■ 0*9#^ ; 0*9768 ; 1. 
Triacetonamine sublimes slowly, even at ord. 
temp. Bistil^without alteration. Decomposed 
at 150“-200“ by HjSO, or P,0„ but does not 
yield definite products. Heated at 100° for 16 
hours with fuming hydrochloaio acid it yields 
diacetonamine, dehydropentacetonamine and 
othm products. With chromic acid mixture it 
giv® isopropyl-butyl-amine di-carboxylio asid: 
0»H„KO, f.e. COda.OMej.NH.CMe-OH,.OOJa 
(Heintz, AJ98, 69). With ethyl iomde ityieiu 
NHdBt, N^,t„ NEt), NEt|I, dwydrotriaoetona- 
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mfufli and othtt ftodocU, bat no •ihylatad 
triaoetonamines JHsintz, A. SOI, 100). 

Salts, —B'E(9 is easily soluble in aloohol, 
and separatee tfae retrom on i^dition^l ether, 
in pris 2 na*-(BliA)l) 2 PtCl, 8 H,Q crystalilses from 
hot water in long, dark, golo-coloured needles, 
y. si. sol. aloohol, insol. gtner. By exposing the 
alcol\plio solution to sunlight, or heating the 
aijueous solution for several hours, it is reduced 
to (B'HC^^tOljSHjO, which is much less soluble 
in water than the platiuo-chloride, and crys¬ 
tallises in dark red needles or rhombic prisms.— 
( 0 ,H,,NO)jH,SO 4 : delicate needles or prisms 
V. sol. in water, insoi. alcohol and ether.— 
C,H„NO,HNO,: rhombic crystals-o :b: c= 
1;2738 :1 : l-0251.-(C.H„NO)jH,CrO.. fSmaU 
light yellow crystals converted into the acid 
salt by reorystallisation from hot water.— 
( 0 ,H„NO)jIIjCr 2 O,. Orange-red prisms (Hcintz, 
A. 198, 87).—(0,H„N0)2CsHj 0, forms long 
needles, v. sol. water, v. si. sol. alcohol.— 
C»H„K0,CjH.,0,. Triclinic crystals, v. sol. 
water; resolved by boiling with alcohol or 
ether into the normal salt and oxalic acid 
(Heintz, A. 178, 326). 

, Iriacetonaniine Nitrossmine CjH„(NO)NO 
[7S°], S.G-. 1'14, is formed by heating aqueous 
triacetonamine hydrochloride with KNOj at 8,7°. 
Long needles (from alcohol). V. sol. alcohol 
and ether. Besolved by KOH into nitrogen, 
water, and phorone, also by prolonged boiling 
in aqueous solution. By heating with HCl or 
HjSO,, it is for tho most part reconverted into 
triacetonamine (Heintz, A. 185,1; 187,233). 

Iri-acetone-diamine 

C,H^N,,0 i.e. (NH,,.CMe,.CHJ.,CO. 

Found in small quantity amongst the products 
of tl^e action of ammonia on acetone: produced 
more abundantly^hen a mixture or 1 pt. ace¬ 
tone, 2 pts. NHjAq, and 1 pt. CS,, is left at rest 
for a month; 30,H.0 2NH, = C,,H...,N 20 + 2H..O. 
Oily liquid soluble in water, somewhat sparingly 
in other. B"2HCi forms prismatic crystals, de- 
oomposing at 200°.—B"^HCl,PtCl, is slightly 
soluble in cold, easily in hot water, insoluble in 
ether.—B"C,,H.,0,; flat needles, nearly inso¬ 
luble in alcohol, much more soluble in water, 
than the acid salt.—B"2H.C.H( aq j monoclinic 
prisms (Heintz, A. 203, 336).' 

Dehydro-tri-aoetonamiue C„H|sN {Tdm- 
tnsthyUi-hydro-pi/ridinel) (158°) (il.); (163°) 
(C. 8 .). 

Occurs as oxalate, together with tri-acctona- 
mine, in the mother liquor got in preparing di- 
acetcnaiuine oxalate (q. v.), and may be separated 
therefrom by distillation with'potash (Heintz, /i. 
174,166; 183,270). 

Preparation.—Acetone (20g.),acctamide ( 8 g.), 
and ZnCl, (^g‘), are heated for 6 hours at 140° 
(Ganzeroni a.%pica, Q. 14, 341). Another baso 
(240°) is a by-product in this reaction. It ap¬ 
pears to be C„H„N. Its platins-chlorido forms 
dodecahedra. 

Pfoperltcj.-Oily liquid which readily oxi¬ 
dises, beoomingpbi#im. 

Salls.-(B'HCl),^>t01.. Ehombohedra (from 
water). V. si. sol. cold water, insoi. alcohol.—' 
BBAuOl^ [127°]. Long yellow prisms^from 
diluts alcohol). Insol. water. 

Bshydis-psnta-aeetonamins 

0„H„H «6(^,0+ NH,-8h,0. 


Is formed together with ammonia and di-aoeto- 
namine by heating tri-aoetonamine with faming 
HOI at 130°, the hydrochloride then separating 
as a crystadline powder, sparingly sduble in 
water. The base separate therebom by potash 
is an oily liquid (Heintz, A. 181, 70). H. W. 

ACETO-NlFHLGnft-THIAKlOB v. o-Nun- 

IBXLAUINE. 

ACETONE 0.H.0 U. OH,.CO.CH,. 

Di-methyl Ketone. 

M. w. 58 (55-6°..55-9° cor.) (Perkin, 0. J. 45, 
478); (56°) (Dumas; E. Schiff); (50’3 °) at 760 
mm. (Kopp, Eegnault, Zander); (66-53° cor.) 
(Thorpe, 0. J. 37, 212). S.G. 2 -814; 122 -799 
(Kopp, A. 64, 214); J -8186 (T.); \i -7965; || 
■7807 (P.); J -8125 (Z.); f -7920 (Briihl); “ 
•7500 (E. Schiff, A. -220, 103). V.D. 200 
(Dumas). C.E. (0°-10°) 00138 (T.). S.V. 77-08 
(S.); 77-3 (Z.); 76-78 (T.). H. P. p. 65,000 
(Bertholot); 58,710 (Thomsen). H. F. v. 67,260 
(Th.). pe 1-3639. Ea, 23-55 (Briihl). M. M. 
3-514 at 15-2° (P.).—Occurs in the urine, blood, 
and brain of diabetics (Markownikoff, B. 8,1683; 
Peters, Kauheh, Betz, J. 1801, 805). 

Formation. —1. By the dry distillation of 
I acetates: e.g. (MeCO.O)JJa=Me.jCO-lBaCOj.— 
2. From zinc-methyl and acetyl chloride; 

(rt) MeCOCl-fZnMo., = JIeCClMe.OZnMe, 

(5) MeCClMe.OZniIe-iH,0 = 
Mo..CO-sIICl + ZnO-fCH, 

(Freund, A. 118, 1).—3. By treating bromo- or 
chloro-propylene with aqueous hypochlorous 
acid and mercuric oxide, whereby ohloracetone 
is formed -. 

2C3H,,Cl + 2HOCUHgO = 

HgCl^ -1 H.0 -12(Cn,,Cl.CO.CH,), 
and reducing this compound to acetone with 
z-ino and HCl (Linnemann, Bl. [2] 6, 216). — 
4. By treatiug the isomeric compound, propylene 
oxide, with sodium-amalgam, and dehydrogenis¬ 
ing the resulting isopropyl alcohol with chromic 
mixture, CjH.O -i H.. = (CUJ.CH.OH, and 
(CH,),CH.OH H- 0 = H.,0 + (CHJ^CO 
(Linnemann, A. 140,178). Berthelot (0. B. 68, 
334), effects the oxidation with aqueous chromic 
acid.—5. Jy the action of an aqueous solution 
of mercuric bromide (Kutscherotf, B. 14,1541), 
or chloride (B. 17,15), on allylene.—6. By pass¬ 
ing aldehyde vapour over red-hot lime (Scbloe- 
milch, Z. 5, 330).—7. Togolher with propionic 
aldehyde, by heating a dilute aqueous solution of 
propylene glycol at 180°-190° (Eltckoff, J, 11, 
409).—8. By heating propvlene bromide with 
water at 170°-180°: 

C,H,Br. s- H.,0=2HBr -g.CAO 
(Linnemann, A. 161, 58).—9. By heating a-a-di- 
chloro-propane CMe^Clj mth silver acetate and 
alcohol in sealed tubes at i00°: * 

CMCjClj - 1 2AgCOjMe - 2AgCl 2COMej -t- COj.— 
10. Together with a bromino compound proba¬ 
bly CHMoiBr) by the action of zinc and dilate 
sulphuric acid on the product OjUsBUBrjO, 
formed by the action of bromide on dichlorhy- 
drin (Lange, B. 6, 98).—11. By*distilling with 
water the product formed, with evolution of HCl, 
on dissolving chloro-propylene Me.CCl.-CH, in 
snlphA-io acid (Oppenheim, A.^ppl. 6, 365).— 
12. Together with mesitylene, on discing with 
water a solution of allylene in sul^orio acid 
(Schrobe, B. 8,867).—13. Together wi{jj other 
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jprbdaeto, ^ the Mtion ol liies on 
<T««ilderow, B. 12, US7).f^l4. Together with 
leobnfyrie aidehTde, by oxidation oi iso-butyl 
•leohol.—IS. By oxidismgwith ohromio acid the 
hexylene obtained by the action of alcoholic 
potash on di-methyl-isoptopyl-cubinyl iodide 
^fawlow, El. [2] 29,876).-( 16. B/the action of 
nascent zinc-methyl on acetic oxide (Saytzefi, 

£2] 7,104): (C0Me),0 + ZnMej- ZnO + 2COMe2. 
—17. Together with other products, by the action 
of zinc-sodium on a mixture of methyl iodide 
and acetic oxide (S.).—18. By the dry distillation 
of wood : occurs therefore in crude wood-spirit; 
also of sugar, gum, or starch, with 8 pts. lime 
^Tremy, A. Ch. 59, 7).—19. By dry distillation 
of citric acid, and in the oxidation of that acid 
by potassium permanganate, or by MnO. and 
-dilute sulphuric acid (I’ean de St. Gilles, A. 
Ch. [8] 55, 374), 

Prefaration.—l.'By dry distillation of barium 
orcalcium acetate. The barium salt decomposes 
«t a moderate heat, and when dry and pure 
^elds pure colourlc.s3 acetone. The calcium 
salt requires a higher temperature and yields a 
distillate contaminated with an cmpyrcuiiiatic 
oil (dumasin) and other products. - 2. By di.s- 
tilling in an iron retort or quicksilver bottle, a 
mixture of lead acetate (2 pts.) and quick lime 
{1 pt.), rectifying over calcium chloride, and 
finallydistilling over the water-bath. The pro¬ 
duct may be purified from wood-spirit by distil¬ 
lation over calcium chloride, or better by com¬ 
bining the acetone with sodium hydrogen 
sulphite, and decomposing the resulting com¬ 
pound by an acid or alkali; also by converting the 
methyl alcohol into an ether (oxalic or benzoic). 
Crude acetone may also be purified by treating 
it with potassium permanganate, which docs not 
Attack pure acetone at ordinary temperatures. 

Propertks. — Limpid, very mobile liquid 
having a spirituous and slightly empyreumatic 
odour and biting taste. Very inflaininable ; 
bums with a white smokeless flame, mixes in 
all proportions with water, alcohol, and ether. 
Oissolx’cs camphor, fats, and resins. Separated 
(from aqueous solution by OaCl^ and by KOH 
-(difference from alcohol). Even if ooiling Ik- 
’tween 56° and 58° it is liable to contain luethyl- 
scetal, 6 H,.CH(OCHj), ; this can bo detected 
i>X heating with cone. HCl, for it then gives off 
MeCl. Acetone reacts with hydroxylaminc and 
with phenyl-hydrazine (u. Acktoxiw, Acf.tonb 
J“» ii.-HYi>BAzmB). It does not restore the 
ducea »f a solution of a rosauiline salt that 
forms dajeaohed by SO^ (Schiff). 
C,H„NO,UOi,.l. An alcoholic liquid supposed 
cold, T. sol. hot, is mixed with an equal volume 
pirmal oxalate (O,g,ol benzoic aldehyde and 
finct very deliqncscemH are added. After some 
absolute alcohol; theacia'fi-benzylidene-acctone 
crystallises in small pris£,]vo in H-.SO, giving 
alcohol. The picrate tom.. Ponder, A. 223, 
(OStBhhsnann, A. 197, .88). ueous KOH and 

DimethyldAcetonamine q. a solution 
CgH|,NO i.e. CQMc.CHj.CM^ previously 
is formed on heating a solution of A black 
mine in acetone at 100°-105° in a sonars, but ' 
Free dimcthyJdiacetonamine has not ffds this 
tained sf it very easily splits up into dimye to 
amine and mesityl oxide. The platino-e^.ie 
(OJS^OHCi)^tOl 4 crystallises in small tab% 


Bsaeffahs.r-I. Acetone-viMnriiaasisd throiig^ 
a red-hot tubs depoaitB ehrbon and yiedda so- 
ealled dumasin, also naphthalene, C 02 ,GH 4 , and 
H (Barbjpi a. iSoux, O.B. 102, 1569).—2. By 
nascent hydrogen ^dium-amalgafin dud water) 
■acetone is converted into isopropyl alcohol: 
Me.CO.Me-hH,=.Mo.CE(pH.Me (Pnedel, O.B. 
55, 53).—8. Chlorine-gas passed into ac^one 
displaces 1 or 2 ats. H, forming 0^11,010 and 
CjH,Cl;0, but does not remove the whole of the 
hydrogen, oven in sunshine. Grabowski (B. 8, 
1438), by passing chlorine into pure acetone, as¬ 
sisting the action by heat towards the end, ob¬ 
tained in addition to dichloracetnne, two bodies 
CjH.CljO and C^HjCljO. The former is a liquid 
insoluble in water (180°). S.G. 1'330 at 29°. 
V.D. 6-60 (calc. G'5G). Decomposed by strong 
potash-lye, with separation of chloroform. The 
second body, C„H,CljO, is also liquid (206°- 
fla^"). S.G. 1-32G at 26°. V.D. 7-55 (calc. 7-0). 
Completely decomposed by strong potash-lye or 
sulphuric acid, rerhapstrichlorotrimesityloxide. 
When acetone is treated with excess of chlorine, 
and the product first with KOH and then with 
HCl, isapoglucic acid C,dl |«05 is produced. 

I With alcoholic potash, on the other hand, a body 
CjHijOs (?) is formed, together with an acid 
whose lead-salt has the composition Pb(C,H,Oj)j 
(Mulder, J. 1808,494).—4. Chlorine, in presence 
of alkalis, converts acetone into chloroform: 

C AO -h 6CI, -r H ,0 = 2CHC1, -r CO. -r CHCl. 
Bromine acts in like manner, producing bromo- 
form, and iodine forms iodoform.—5. When 
acetone saturated with HCl-gas is mixed, after 
8-14 days, with water, n heavy brownish oil 
separates, consisting mainly of compounds of 
HCl with mesityl oxide, CaHuO (= 2C,H,0 - H-^O) 
and phorone, C,II|| 0 (- 3 CjH„ 0 ~ 2 H. 40 ). The 
mesityl cofcipound 0„H,„0C1.,‘heated with KCN 
and then with KOH, yields the K-salt of a mo¬ 
nobasic acid C,H|,NOs (u. Mesitosio Acm), thus: 
C.H,..OCl.. -H 2KCN = 2KC1 -r C„H,..0(CN).4; and 
C„H,..0(CN),,-r KOH -f H,0 = NUjV KC,H,,iNO,. 
The phorone compound, similarly treated, yields 
a neutral azotised body crystallising in shining 
plates and subliming at about 300° (Maxwell 
Simpson, J’r. 16, 3C-1). According to Piimer 
(B. 14, 1070) the neutral body is a nitrile 
C||H|,0;N..> formed according to the equation 
3CjH,0-f2IICN = n. 40 -sC„H„ 0 A; it crystal¬ 
lises in plates melting above 320°. Heated with 
aqueous hydrochloric acid it gives phoronio 
acid C„H„0., fq.t.]: C,n„0,(CN),-e dHjO = 
2NHj -s H._.0 ( C,H„0(COjn),.—0. By distillation 
with strong sulphuric acUl, acetone yields mesi- 
tylene, CjH,»= 30,11.0 - BHjO j but when mixed 
with H,SO, in a cooled vessel it forms mesityl- 
snlphonic acid C,H,.SO,H, which, when heated 
with potash, yields mesityl oxide (Hlasiwctz, 
J. 1856, 487).—7. With PClj dbStonc yields 
chloropropylene CjHjCl and di-chloro-propana 
C,H„Ci, (Ericdek A. 112,236).—8. With onmitte 
acetone unites directly, forming OAOBr,, a 
viscid, very unstable liquid, heavier than water 
(Linneraann, A. 125, 307). Sbeewding to E. J. 
Mulder, however {J.pr. 91, 47), it gives rise to 
‘substUution-products.—9. With HI acetone 
yieldJiiodopronylone, C,H,I; with PL a soBd 
and two liquid iodides (Hamltz-Homitzky, Z, 
1863, 416). • According to Berthelot {Bl. [2] fj,'. -. 
69), acetone nested with HI yields ^paoe.— " 
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WitH iodiM ehJmidii acetone jiel^ OiH^IgO 
(Slarvell Simpson, Laboratory, p, 79).-<^U. 
EUcMyni oi a mixtnro of acetone and dilute 
sniphniio aoid prodnces aceti(r,/ormio,#ndcar> 
bonio acidi (Arcdel, /. 18^ 8 B 8 ).-^ 12 . By 
^ chromic acid mixture it is <»idised to acetic 
and carbonic acids.'—13.^cotone boated with 
ammonia yields a mixtnre of three bases, the 
composition and mode of formation of which 
ore indicated by the following formulss:— 

DiRcotenamln© • , , . C,H,flK0=:2C,Tr«0+NTI,— H,0 
Trliicotonamlne .... CBH„NO=sSCjir,0+NiIa—2U,0 
Dehjdrotrlacetonamlne . C,II,*N « C,H„NO —11*0. 

With methylaminc, in like manner, acetone 
yields methyldiacctonamine C^i^NO and other 
bases. With dimcthylamine only dimothyldi- 
acetonamine CgHiyNO.—14. With hydroxyla- 
mine, acetone forms acetoxim [ 7 .V.] Me.C:N01I, 
which crystallises in prisms [00-^], (135°).—15. 
Sodium strongly attacks acetone, with forma¬ 
tion of crystallisedpinacoric hydratcC„n ,20 THjO 
and liquid phorone 0^11,^0 thus: ‘2C.,II,jO + Na„= 
Na, 0 +C,H, 20 , and 30*0 - 2H,0 - CX 4 O 
(Sttideler, A. Ill, 277).—10. Healed with ani- 
line hydrochloride at 180° it forms di-incthyl- ! 
•quinoline (Englcr a. Riehm. B. 18, 2245, 321)G). 
—17. Caustic alhalis, 6.g. KOH and CaO, exert a 
dehydrating action on acetone and form con¬ 
densation-products varying in composition, ac¬ 
cording to the proportion of water abstracted, viz.: 

B. P. 

XyUte-naphthaC„IT»,0,=4C,ir,0-n,0 .. llOM2(»o 
Mesityl oxide 0Jl,„0=2C\H„0-Il,0 .. .. 131® 

Mcsitylene .. rjr„=30,H„0 -311,0., 165®--!6u® 

Plioroue.. .. C,H„0=3(;,,n«0-211,0.. 21G®-220® 

XyUte^)il .. C„H,,0=40,11,0—3IJ,Ofll>ove 250® 

Vapour of acetone passed over strongly heated 
KOH or potash-limo is resolved into methane and 
carboftc acid, 0*0 + 2KOH = K.CCfJ + 2 CH 4 . 
At a lower temperature the chief products 
are acetic acid, formic acid, and h.vdrogen, 
0*0 -h 2KOH -r H,0 = KC.JT * + KCHO,+3H., 
(Dumas a. Stas, A. Ch. [2] 73,149; Persoz, Bcv. 
Scient 1, 51).—18. Acotorm heated with ZnCL 
yields hoxa-mcthyl-benzene (W. II. Greene^ 
C. 2i» 87, 931).—19. Gently heated with AlCl^, 
it yields mesityl oxide, phorone, and other 
poducts (Louise, C. B. 95, (102).—20. Dry 
PtCl, dissolves in acetone, and tlie solution 
when evaporated leaves a brown resinous mass 
containing a yellow crystalline substance, 
C,iH,uOPtCl.^ (?), called Acechloride of Plati¬ 
num, or Chloroplatinite of Mesityl (Zeise, A. 
83, 29).—21. On adding HCl to a mixture of 
acetone, with potassium cyanide and sulplio- 
cyaniae, the compound CjHjO.NS is obtained. 
This compound heated with ilCl is resolved 
into CO 3 , NH„ and a-oxy-iao-butyric acid. With 
silver nitrate it yields C*AgO.NS (TTrech, 
B, 0,1113).—S3| By action of alLalis or of IICI- 
gas 00 a mixture of 1 mol. acetone and 2 mol. 
benzaldehyde, niBENXTLinES’n-AqjiTONK {q. t?.) 
PhCH;CH.GO.CH:CHPh is obtained (Claison a. 
Claparede, B, 14, 849). By the action of 
alkalis on a of o^nitro-bonzaldohyde 

in acetone, methyl o-niiro-j 8 -oxy-j 8 -phenyl-cthyl 
ketone [G 8 ^] is formed according to the equation 
• N 0 *H 4 . 0 H 0 + C 0 {CH,),- 0 

. N0*.0*.CH(0H).C*C0CBL 

fh Dre^sen, B. IS^ 3856}.--Vhe corre- 
porio^mpoan^ [08*^1 is Obtained in 


like manner from acetone ana j^-nitro-benraldo* 
hyde (Baeyer a- BecI^, 1908).—23. With 

furfuraldchydc, acetone forms a compound 
crystallising in long white needles ^7°] (J. G. 
Schmidt, B. 14, 674J—O.FUBFTJRYLmENB-AOTTONE. 
24. With pyrml in presence of HCl it forms 
Oi**, (Baeyei-, B. 19, 2184). 

Combinations,-!. With Bisulphites. 
Formed by direct combination. 0 *( 0 H)S 0 ,NH 4 
crystallises in lamina (Stadeler, A. Ill, 807)— 
C 3 H^( 0 H)S 05 Na.—Laminffi, moderately soluble 
in water, less in alcohol. Gives off acetone 
w'hen boiled with aqueous sodium carbonate 
(Limpricht, A. 93, 238 )-C*( 0 H)S 03 K (L.j. 
2. With Mercuric Oxide 2C*0 SjEIgiJ. 
Formed by mixing ncctono witli mercuric chloride 
and weak potash-iyc, dialysing the filtered liquid, 
and precipitating the liquid remaining in the 
dialyser with acetic acid.-- Gelatinous precipitate 
which becomes resinous on drying. Its solu¬ 
tion gelatinises when healed or when merely 
loft at rest (Emerson Reynolds, Pr. 19, 431). 
Formed also by dissolving HgO in acetone 
(Kut.scheroff, B. 17, 20). 

Acetone-boric Acid, C;,HbO(BHO )3 [50°]. 
Fonned together with (o) and ( 8 ) acetone-fluo- 
boric acid, and hydrocarbons, on saturating 
acetone with boron fluoride and distilling the pro¬ 
duct. (a) Acetonefluoboric acid, CjH^O SHFB* 
(120°-]23°); the i.somcric (j 8 ) modification [36°J 
(90°-92°) forms shining white iaminm. AU 
three compounds fume in the air, bum with 
green flame, and are quickly decomposed by 
water, yielding boric acid and acetone hydro¬ 
fluoric acid (Landolf, C. P. 89,173). 

Acetone-hydrofluoric Acid CJI,OHF (55°) 
obtained by fractional distillation from the pro¬ 
duct of the action of water on acetone-fluoborio 
acid. An inflammable liquid with pleasant 
ethereal oflour (Landolf, C. It. 96,580). Another 
compound, C 3 HP 2 HF ( 12 °) is gaseous at ordi¬ 
nary temperatures. 

Acetone-sulphonic Aoid GH,.GO.C*SO* 
Formed as K-salt by treating dichloracetono 
(118°) with a strong solution of potassium sul¬ 
phite: C,HJ3I.0 + K,B0, + H,0 = 

Km + HCUC*C10, and 
CJI,C\0 + K,S03 « KCl 4 C*O.SO,K. 

The K-salt may be extracted from the jKoduct 
by boiling alcohol, and separates therefrom in 
white lamimc. Very soluble in water, not de¬ 
composed by boiling with dilute acids. Boiled 
with strong potash-lye, it yields sulphite and 
perhaps an acetone-alcohol fflender, 2. 1870, 
102; B. 4,517). 5aPs. -KA'Pfates (from alcohol 
V. e. sol. water—BaA'o aq. Plates.—PbAj aq* 
[140°]—CuA' 2 1 jaq. Greenish plates. 

Acetone-phosphorous ^i^ld GjHyO.POjH. 
Remains on distilling acemne with I and P* 
(CsH„O.PO.J.Ba is amm-phous, soluble in water, 
insoluble in alcohol (Mulder, j., 1804, 329). 

Acetone - cyanhydrin CH,.C (ON) (OB). CH. 
{Oxyisobutyronitrile). Form^ by the agtlbn df 
aqueous HCK (20p.c.) on acetone,#b;j^tho actioa 
of nascent HCN on acetone dilutedVith ether. 

It is very unstable, for even on evaporation 
# its solution it changes into di-acetone-eyan- 
hydrin %ith evolution of HCB|^(Tiemann a. 
Frtodl&nder, B. 14, 1970). AlroholiQ NH^ 
at 60° converts it into a-amido-iso-butyronitrilo 
CH,.C{ON)(NH,).CH,whenoeHCl forma o-i^jido. 
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iM-bat;ria ui(L' A&KkboUa ECl {arms tha (omg tbomble errstali (Heinit, A 188, 200, 
linia<Mit}ior Me/:(OH>0(OEt):llH (Pinner, B. 817). ^ 

17,2009). ® Eethyl-tri-aoetoae-aloamlna 0,A'|NO [74»] 

l)iaeatoaaayBnli 7 arlnCMe,{ONbO.GUe,(OH), or, when hydrated, [60°]. Formed Irom tri- 
ia prepared by adding 1 mol. HCI (gaseoae or aoeione-tlcaminj by Mel and UepH «t 100° (E. 
aqaeone) to 1 mol. EON immersed in acetone, Fischer, B. 16, %0&). Slender plates (bom 
dissolving the product in^ther, afcd evaporating water). Strongly alkane. H. W. 

(Urech, A. 164, 259). Thick shining anhydrous ACETONE AICOHIhi v. AoBmi-OABBiNOL. 

prisms, easily soluble in water, alcohol, and ACETONE-AMMONIA v. AcEioxAuraES. 

ether. Melts at 135°-1S2° and sublimes below ACETOHE-BENZIl, 0„H|,0, i.e. 
its melting point in long neei^s. Decomposed Fb.CO.CPh(OH).CH^.CO.OH, [78°]. 

at ord. temp, by HCI into h'o '''.^acetone, and Preparation.—Benzil is shaken with excess 

R-oxy-iso-butyric acid. ^ o ^ acetone and a little cone. KOH, and the 

Substilulion Products o. p.gosijj ' crystals obtained are dissolved in ether (free 
Chiobo-aoetone, CraoBo-nnoMo-Jpt, «« " "rom alcohol), which is allowed to evaporate. 

ACETONE, CvAKo-ACETONE, Tbio-aceto: - „H„Oj + C,H,0 = C„H„0, (Japp a. MiUer, 0. 

Meta-acetone. — This name was p , 47, 21). 

■ Fremy (A. Ch. [2] 59, 6) to an oil ot Properties.—Colourless square prisms. Sob 

among the products of the distillation of.. her or alcohol. Resolved by heat into its con- 

starch, or gum, with quicklime. He aseiibou ituents. 

it the fonnula C,H,„0 and boiling-point 84°. Reactions. —1. Chromic mixture gives ben- 

Gottlieb (A. 52, 128) converted it by chromic zoic and acetic acids.—2. Dry NH, gives ace- 
mixture into propionic acid (called therefore tone-bensilimide {q. v.). —3. Alcoholic hydroxy- 
Metacetonio acid). Bencdikt (A. 162, 303) lamine gives C|,H|,02(NOH), [116']; m. sol. 
found V.D. 3-53 instead of 3'59, and stated that benzene, si. sol. ether. This body is not affected 
it did not combine with NaHSO,. Meta-acetone by further treatment with hydroxylamine. 
has also been examined by Favre (A. Ch. [3] 11, Dehydro-acetone-benzil C,,H „03 i.e. ' 

80),,Cahour3 (C. R. 30, 319), who describes it 

as present in crude wood spirit, Lies-Bodart (P. Ph.CO.CPh^ hCO [149°]. 

1856,455), and Schwartz (J. 1850, 53.3). Never- ^CH/ 

thelcss Pinner (B. 15, 580; 16,1729) considers Preparation.—Benzil is shaken with excess 

metaeetone to be a very complicated mixture, of pure acetone and e.xcess ot cone. KOH (J. a. 

H.W. M.) C„H,A + C,H,0 = C„n„02-fH,0. 
Para-acetone v . Pinacose. Properties.—Colourless prisms. 

ACETONE-ALCAMINES.— These are pro- Jfcactions.—1. Converted by browimc in ohlo- 
ducts derived from the acetonamines by redue- rotorm to a bromo derivative, C„H|3Br0.j [172°]; 
tion, their CO being converted into CH(On). slendorneedles (fromglacialHOAc).— 2. Chromic 
Diacetone - alcamine C.H.j.NO i..e. acid in glacial IIOAo foi-ms an acid, C|,n„0|, 
NHrCMe 3 .CH 3 .CH(OH).Me (175°). Formed by [152°]; iteedles. Salts, Ag^i'-BaA'j 2nf6 
redaction of diacetonamine by gradually adding Dehydro-acetone-di-benzil C3,H.,0, [195°]. 
sodium-amalgam to its solution in alcohol Formatimi.- 1. From acetone-bcnzil and di- 
diluted with aqueous ammonia. Liquid, having lute alcoholic KOTI.—2. From acetone, excess 
' a faint ammouiacal odour, miscible in all pro- of benzil, and a little cone. KOH. 
portioiis with water. Absorbs CO. from the 2C„H|,|Oj-t C|H„0 = Cj,Hj,0,-eH20. 

air : fumes with HCI. (C,H| 3 NOIICl)jPtCl, Properties.—Cololrless crystals (from ben- 
forms orange-red triclinic crystals, easily soluble zone); si.sol. boiling alcohol. Crystallises from 
in hot water. ♦ alcohol with one molecule EtOH. 

EthyUdene-diacetone-alcamine ACETONE-BENZIIIMIDE C,,H„NOj [176°]. 

• HjC—CH(OH) —CHj From acctone-benzil and dry Nlij. Flat plates 

C,H„NO i.e. ! I (from alcohol). Heated with HCI and oxalic 

MeHC — NH — CJICj acid, gives a red gum (J. a. M.). 
Oxy-tri-methyl-hexa-hydro-pyridine [123°]. ACETONE-BOBIC ACID v. Acetone. 

Colourless crystalline solid. Easily soluble in ACETONE-BROMIDE = ni - Biiosio . paoPANB 

jvater and alcohol, sparingly in ether, and ben- (q. r.). 

form^. Formed *by reduction ot ethylidene- ACETONE ■ BBOMOFOBM C,H,OBr, i,e, 
C.H NO with sodium-amalgam in slightly Me.C(OII).CBr, [17.5°], or, when hydrated (T67°]. 

*. . —1..,:— rri— 1.-.J_LI T.'_1_\ ,_, .-J —4- 


'c,’H„N57.e.’CQMe'cH3.CM4.‘pi>y reduc- 
is formed on heating a solution of 
mine in acetone at 100°-105° in a soairs, ?■ 

Free dimethyUiiacetonamine has not (fa this 

tained ag it very easily splits up into dimre to i, ... 

amine and mesityl oxide. Thepfo<ino-cAh.be 2642)» It forms a compound with H(^, . 

(O^JfOHCl),PtCl, crystallises m small tablA 69),«apomfloation produces citric acid. 


; A'lUiU Ul UliiUllUiJl UCBliUHU U>aU ouuct* 

lime (8g.) (Willgerodt a. A. Miiller, C. C. 1884, 
808). 

ACETONE CABBOXTUO A«1 D « Aceto- 

ACETIC ACID (}. «.). 

Acetone di-carboxylic acid 0,11,0, i.e, 
C 0 ,H.CH 3 .C 0 :CH. 3 C 03 H [c. 180°]. Formed by . 
heating citric acid with H,SO,. Colourless 
needles. Split up into fiO,^nd acetone by 
heat, by boiling water, or ny warm, acids or al¬ 
kalis. It contains methylenio hydrogen dis- 
pla%able by Na. Fe.,Gl, gives a violet oidour. 

It reacts with phenyl-hydrazine (Peohmann, B, 


cold, V-sol. hot, •'■“e Jiyuro-cuiormu 

norwial oxalate (Ci^lea, the sulphate large flat 
tlnct very deliquescent' 1124)- 
absolute alcohol; theocubi9»®i»^® 
crystallises in small prisjfl~C41, 


alcohol. The picrate fort. 
(OdtSbbaiann, A. 197, 38). 
Dimethvld&eetonamina 


°ine. Formed 
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VaKO| cosTnU it ioto^-oximido-aoetone (Peah- 
msnn a. Wahsarg, B. l9, 2466}. 

• The $thgl ethtr is an oil irhich can give 
rise to salts by exchanging its methylenic hy- 
•drogen for spuignS or oop^r. JSeactioih.—l, 
By suocessiTe treatment with ^liam and an 
alkyl iodide (BI) the following ethers may be 
got: OO^t.OH^OO.CHR.COJEt, 

■ OO^t.OHR.CO.OHB.CO^t, 
COjEt.CHE.CO,OK2.COJEt, 
and finaUy CO,Et.CRj.CO.CBj.CO,Et. 

The aoids obtained by saponifying these bodies 
are split up by heat into CO^ and alkyl-acetones 
(Diinsohmann a. v. Peohmann, B. 18, 2289).— 
2. Acetone di-oarboxylio ether (100 g.) is con¬ 
verted by heating with Na (21 g.) into di-oxy- 
phenyl-acetio di-carboxylio ether 

O,H(OH),(CO^t)r0HrCO.,Et 
(Clomelina a. Peohmann, B. 19,1410).—3. Am¬ 
monia produces 8-oxy-8-smido-glutaramic ether, 
CO^t.CH,.C(OH) (NH.,),CH,.CO.NH, [80°) 

(v, Peohmann a. Stokes, B. 18, 2290 ; 19, 2694). 

ACETONE CHhOBIOE v. (ft-CHLoao.pitopANE. 

ACETONE CHIOBOPOEM C,H,OCl, i.c. 
Me20(OH).CCl^ Oxy • iso - butyro ■ iri - chloride. 
[9(i°l or when hydrated, + ),aq, [81“] (107° uneor.). 

Prepared by adding solid KOH to a cold mix¬ 
ture of acetone and chloroform. It is a crystal¬ 
line solid, resembling camphor in spi*aranoe and 
.smell. Kotates on water. V. sol. alcohol, ether, 
chloroform, acetone, or glacial HOAc, insol. 
water. Volatile with steam. Converted by water 
at 180° into a.oxy-iso-batyrio acid (Willgcrodt, 
JB. 14, 2451; 16,230,O; 16,1585). 

ACETONE CTANHYDEIN v. Acetone. 

■ACETONE-HVDEOQiriNONE C,II,-0.- From 
acetone and hydroquinone (Habermann, M. 6, 
829). 

ACETONE HT1)S>)XYLA]IID£ V. Ace'joxiu. 

ACETOKE-PHEKANTHBAQUINONS 
, 0„H„0, [90]. 

Formation, —From phcnanthraquinone by 
heating with a largo exce.s8 of acetone at 200°. 
Theproduot is washed with NaHSOjUiid extracted 
with ether (Japp a. Streatfeilo, G. J. 41, 274). 

Pr^aration. —Phcnanthraquinone (50 g.) is 
shaken in a glass with acetone (00 g.) and cone. 
NH,Aq(40o.e.). Acetono.pheuanlhraquinouimidc 
isformed and filtered off; after washing with ether, 
itis made into a cream with water and stirred 
into a solution of oxalic acid (90 g.) in water 
(800 o.Ojl at 25°. The subsOance dissolves, but 
minute needles of acetone-phenanthraquiuone 
soon separate (Japp a. Miller, C. J. 47,18). 

Projjerfics.—Largo thin blades (from ether), 
fosol, water, v. sol. other, acetone or alcohol.. 

Reactions. —1. By heat, by boiling water, or 
by boiling alcohol, it is resolved into acetone and 
phenanthraquinono; C|,H|,0, = 0 ,^ 11,02 + 0,11^0. 
2. Zina dust afldfglaciai HOAc form C„H,..0, 
[121°;. This is extracted by ether and crystal¬ 
lised from alcohol. It forms long slender needles, 
V. e. sol. ether or chloroform, v. sol. boiling 
alcohol, v. sl. sol. cold alcohol. Sublimes in 
feathery crystals—IttAecoIorises bromine.—3. 
A few drops of dilute aqueous KOH added to 
an aloohouo solution forms minute crystals of 
aoetoni-di-phenanthcaquinorie (q. o,).—4. Coot. 
EOtf (8.Q. 1'27) added to a solution of-acetone- 
phenanthraquinone in acetone forms a arystal- 
line mass of di.Bcetonc.phenanthraqUnone..i.~ 

ton. i 


S 

S. Ammonia passed inio^W~etBdiiwl Kdution of 
acetone.phenantbrqqutnone forma crystals d 
aoetone.phenantbtaquif!onimide. 

Acetone • di • phutantlnraqiilaone 0„H2,0, 
[190°]. Formed by adding a little dilute KOH 
to an alooholic solution of acetone.phenanthra- 
quinone (J. a. M.) a 20i,H-O,« C„H.aO,+CAO. 
Colourless crystals (from oenzene). 

Bi • acetone - phenanthraquinone OstHA 
[187°]. 

Breparation.—Pare acetone (43 g.) is shaken 
with finely powdered phenanthraquinone (60 g.) 
and a little (2 o.o.) cone. KOHAq (S.G. 1-27). 
After 12 hrs. the resulting solid cake is washed 
with ether and crystallised from acetone (J. a. M.), 

Properties .—Short oblique prisms. Sparingly 
soluble in the usual menstrua. Sol. acetone or 
benzene. Decomposed by boiling glacial HOAc 
or amyl alcohol. Decomposed on melting into 
acetone and phenanthraquinone. 

Bcactions .—Boiling Ac-O converts it into da- 
hydro-di.acetone-phenanthraquinone. 

Behydre-di-aoetone-phenanthraquinens 

[179°-181°]. Colourless pointed prisma 
(from benzene). Formed as above. Its constitta- 
tion is perhaps: 

CACrOHjCOMe 

,0 


l> 


CA-C-OHjCOMe 

Behydro-acetone-phenanthraquinena 
CijlTi-Oj [195°]. Formed in small quantity, 
together with di.acetone.phenanthraquinone 
when excess of KOHAq (S.G. 1'27) acts upon 
a mixture of acetone and phenanDiraquinone. 
It is present in the ethereal washings of the di- 
acetone-phonanthraquinonc (J. a. M.). 

Groups of minute needles (from benzene) • 
m. sol. hot benzene, hot alcohol, or ether. 

Acetone-phenanthraquinonimide 0„H|jNO, 
[130°]. Formation .—By passing NH, into an 
ethereal solution of acetone.phenanthraqainone. 

Preparation .—Phenanthraquinone (60 g.), 
acetone (60 g.), and cone. NH,Aq (40 c.o.), shaken 
together form a white crystalline powder which 
is washed wit)j other and crystallised from ace¬ 
tone containing a little NH,Aq: 

0. AO, + C,H.O -t NH, = 0„H„NO, + H,« 

(J. a. S.). Colourless rbomboidal laminss. 

Reactions. —1. Ac^O decomposes it, forming 
phenanthraquinone.—2. Cold cone. HOI dis¬ 
solves it, but the solution soon deposits a dark 
blue substaucc. The diluted filtrate deposits co¬ 
lourless needles of acetone-phenanthraquiuone: 

C, AuNO, + H,0 - C„H„0,+NH, 

By using cone, aqueous oxalic acid as a solvent 
the formation of the blue compound may be 
avoided, and after dilution, tht needles separate 
as before. 

The following constitutional formulre . are 
suggested by Japp and Miller to explain the 
properties of the preceding bodies: 

C,H,.C(OH).CH 2 .CO.Me 

CA-CO 

, C.H,.C(OH).CH,.CO.Me 

C,H,.(T.NH 

0,H..O(OH).CH,.CO.Me 

A,H,.6(OH).CH,.OO.Mo 


forC.;St.6. 
for C,,H„NO, 


for C»HaO, 



,;^CWWI-PHaHTl-HTDllAZn>B i 

(<TOjC:N.NHP1i (165®) at 91 mm. Oil. Pre¬ 
pared bymiiing aoetonffwith phenyl-hydrazine. 
It dissolves to cold aqneone acids and on warm- 
mg the solution it is resolved into its constituents 
(Eeisenegger, B. 16, 662). 

DI-ACEXOinE-PHMPHIirH! ACID 


I me^yl 

I ACffllTOJE-PHOSPHOEODS ACIDo.Aomowi. 
DJ-ACETOHB-PHOSPHOBODS CEIOSIDX 

0^,.O^OKu P) 

^cH..copapci 


-■-a- M.VM4-, it>u-jjiv]jyi,-acer<min. 7rX v" v- » vwicu mixture 01 ifUi 

fiwsphfmic ^-acctyl-i^o-biitane u-phosplio- v?® Pts.) end times Us volume of aoetonai 
nic Odd [64®]. Formed by the action of water ^ ^ decomposed by water int< 

n^n di-acetone-phosphorous chloride (infra), a'-acctone-phosphinio acid C,H,,p6 . and HCl 
(Michaehs, JB. 17, 1273; 18, 902): ' It readily combines with 1 mol. of chlorine or 

oi + 2H,0 = C,H„P0, + HCI. bromine (Miclmelia. B. 17, 1273; 18, 898). 

Slender neeiUes. V. e. sol. wafer or alcohol, v. S01PHOKIC ACID v. Aoetonb. 

sol. ether. Strong dibasic acid. ACETODIC ACID v. a-Oxv-iso-BCTTBic Aom. 

Sfllfe.—MI.HA". V. sol. water, si. sol. alco- DI-ACETOUIC AICOHOl v. AoETin-Bom 
i Insol. alcohol. 

1 This base desoribeA 

alcohol. BaA 6aq ; m. sol. hot wn.tpr* ivi. i ^’7 Stadcler (.il. Ill, 277hHlftsiw<»f.7: M na oo^v 


-wirTi h aT »wi. water, si. sol. ! , ^TT.T xms ease described 

wcohol. BaA 6aq; m, sol. hot water; tri-j 277),Hlasiwetz (il.76, 2941 

‘ 1 ■ 2-525.- 168. 228). was found by Hetoto 

^ PbO.-MgA" Caq ; ppd. by al- .H' 261. 102) to be a mixture of di-aoetonamtoa, 
glittering plates. ‘“■'1“*”'’®™"’®- tri-acetone-di-amtoe. 


T A- 2 —uui]; ppn. Dv al- 

solution in glittering plates. 
vaAif ' gum: v. sol. alcohol.— 

1 u ? ’ needles, v. sol. wafer, si. sol. 

aJeohoJ.— Ag.jA", 

“ fribasio crys- 

lallineacidC,]^0„possibly8-carboxy-propane- 
r*? “4^= CH CH(C 0 ,H).CH,P 0 ( 0 II),. 
The salts Ag,^", and Ba,A™, are ciyatall „e. 

_/I TJT /XT/^TT\T>/-V r,mrA^, . 


ACEIOlfllfES. Bases obtained b/'deh,. 
I drating acetone-alcammes by cone. H-SO • ^ 

Etbylidene-di-acetoniiie C-H.^N ie. ** o 
CH:CH.CH, CH^CaCT 

MeCH.NH.CMoj " MciaNacSfe, 
in-incthyl-tetra-hydro-pyridine. (132°-137“) 
ethylidene-di-acetone-aloamin'e 


Oarfm.-C,H„(NOH)pb, '['lIO®). ColourLs ! an?) and p? e^ltoene-di-acetone-aloamine 
erystals; v. sol. water or alcohoi; dibasic acid, j U hours at 100°' ^y heating for 

Di-Acetone-nhenvl-nlioanhiniP ap.-j r ^60 . 


■n; iJ. * —%--e , uiwttsiuacia. _ _ _ 

Di-Acet^e-pheny^^^^^^^^ reaction. Volatile 

4 ^ 10 iTg ^ 

treatingXr tri.“mS-^erS4^^^^^^^^^ 


A.. •lY'—V**uu weaung me pro¬ 
duct With water: . 

S SfcJgf.S'fiSS:'’-”"'”-"-'™''' 

Wwlonriw, pl.,„ 

'1,®“.^ water and ether, v. e. sol. alcohol. 
The anhydrous acid forms a glassy mass, v. sol. 

a 19. m^)' ™‘f • (^^‘“‘’aelis, 

Di-Aoetone-p-tolyl-phosphinic Acid 

inn \ probably 

‘®.^“'^‘“e of acotoiie 


T-ouluuio ifizueurio pyra- 

mids (Fischer, B. 17, 1795). 

Benzylidene-di-acetontoe C„H„N f*. 

ac-cH=cH ncJkn-cH, 

PliHi-NH d-.Ie, "phne-NH-iMe, 

1 1‘rnyl-dt-methyl-tetra-liydro-pyridine. Formed 
by the action of strong aSO. on benzylidene- 
di-acetonc-alcamme. 

Distils undecomposed. Volatile with steam. 
V. sol. alcohol or ether, v. si. sol. water. 

Sails.— 'BllBr: colourless tables or needles. 

Ill- OrtI />n 1 /d t>/XIT . . . . . - » 


7 a mixiure ot acetone , xiur; colourless tables or needles. 

chloride, and treating | cold water.-B'HI; sparingly soluble 

the product with water. Glistening plates j sol. ; noodles.—-B HAuCl,. (Fischer, B. 17,1797.) 
hot water. V. sol- F/. Tri-fli*«t.nTii*«i» ' * 


hot water, v. sol. alcohol and other A'Ag ■ Tri-acetouine ' 

‘*”“8®°^““®“®®®*®®- (Michaelis.D! rn w ■ H.C.CH:CH 

19,1012.) ’ D,H„N t.e. i I fueo) at ffin mm 

DI-ACET05E-PH0SPH0EIC-TEI.CHI0HIDF m <' Mest-NH-CMe, 

ICH1 -r n Tefra-?Kct7rpi.tetra-hpdro-nurMfi»s. 

0,H„O.P01, ..£ “ ' I I Ml Prepared by heating tri-aoetone-alcamini 

niK°i w ji. ®^>-CO.Cn-PClj '' *'“'1 ®‘™”g IliSO, (3 nls.) on awater 

rinif I't ,. °""®“ •’y passing chlorine into a solu- pouring intii'water, neutralisint 

Meim, "•f®®‘®"?-P*>ospborous chloride in pe- ®®‘6- and distilling the base over with steam 
troJeum-ethcr (Michaehs, B. 18, 901). Colour- (^“sber, B. 16,1601). 

D%S‘r& »iin2wl^‘.i[?'®"“-®‘^®'^- I’roMrlics.—Mobile, fluid, smelling lika pipe. 

DLACETOdfE-PHOSPHOBlC-CHIOaO-BBOBIDE D combines with water forming a hydrate 

fl TT OPriDr r. — 0 c^stallising in long witite ei-eedles, which give 

O.H..O^ClBr, U. , , M) off heir water at a moderate tempereto^ ^o! 

[142°]. Fanned by addition of broi^rto a .e st®™- Poisonous. By heating with 

lutioiuif di-IStono^phosphorous ch^dotnlight s£" •odo.tetra.methyl-piperidtoe.o 
petroleuin (Micbaelis B 1 ft onm " oaws.—BHBr, large white prisms. sl« sda 

sV rel. life SJol^r^ttSm! 


Tri-acetonine 
^ . H,C.CH:CH 

Me7.NH.fcMe,<“«°>'“«'^0““>- 

Tetra-methyhtetra-hydro-pyridine. 

Prepared by heating tri-acetone-alcamina 
a pt.) with strong H,SO, (3jls.) on a water- 
bath for an hour, pouring intii'water. neutrahsing 
the acid, ^d distilling the base over with steam 
(Fischer, B. 16,16011. 

Pf'operlies. —Mobile, fluid, smelling like pipe- 
ridine. D combines with water forming a hydrate 
“jystethsing 1° long white «eedles, which give 
off their water at a moderate temperature. Vo- 
latile with steam. Poisonous. By heating with 
hS it mves iodo.tetra.methyl.piperidtoe.o 




: yellowiah tables; 
T..8C^. alcohol, ether, and b^zene, nearly in- 
.Bolnble in water; volatile with steam; strong 
tcamphor-lik^emtlll # ^ 

I Methyl privative CpHigNMev oolourless oil 
very volatile with steam, sparingly soluble in 
water (Fisober, B. 17,17ft9]!f 

ACETO’NITBANILIBE v. Nitbo-aniline. 

ACETONITRILE C.^,N i.e. Crr,.OlN. 
Jlethyl cyanide^ methyl hocyanide, M.w. 41. 
(81*6^ at 760 mm, (Vincent a. Pclacbanal, 
m, 33, 405); (81*3°) (It. Schifif, B. 19, 567). 

5. G. fi *805; -789 (V. a. D.). S.V. 57*23 (S.). 

H-P.p.-16,680. H.P.v.-16,200 (Thomson). 

1-3468 (V. a. D.). 18*00 (KanonnikolT, 

J. pr. [2] SI, 361). V.l). 1*45 (for 1*42). 

• Oc«ni»TC 7 W 55 .—In crude bcMizonc (V. a. 0.). _ 

PonjjatWH.—-1. Dry KMcSO, is dlstillc<l with '■ 
dry KCN and the distillate rectified over CaClj 
(Frankland a. Kolbe, C. S. Midi.. 3, 386; A. 65, I 
288).—2. From Mo.SO, ami iC(.'X, tho product : 
being distilled over IfgO and then over P.D., | 
(Dumas, Malaguti a. Leblanc, C. L*. 25,474).—3. j 
By distilling NH,OAc u'itJi (Diiimis, C. Ti. j 
36,383).—4. By distilling acetamide with IVCh ! 
(fJuckton a. Hofmann, C. J. 9, 212).—5. By dis- ; 
tilling acetamide (5 inols.) with (I mol.), j 
washing the product with NaOJLVqand digc.sting ; 
with PbO (Henry, A. 152, 149). -0. Prom aceta- ' 
mide by action of PCli (W'aliach, A. ISi, 21). | 

P>‘cparalion.~\. By boibiig acetamide (500 : 
g.) for a Avcck with a little glacial acetic acid, 
the water produced hciiig constantly allowed to 
distil off. Tlie theoretical yield is got (Do- 
mar^ay, Bl. [2] 33, 456). 

Proi>ertics .—Colourless 1 iquid witli a pleasant 
ethereal odour; burns with a mldisli-bordered ' 
ffame. vMiscible with water, but soparule<l by 
salts from the solution. Mixc.s with alcoliol. 
The presence of a little alcohol lowers itsboiling- 
.point several degrees (D.). 

Beactions. —1. Hot atpicoua KOI! acts thus: 

CH;,.CN + H.,0 + KOll- CfJ,CO,K + NH,. . 

2. Chromic and nitric acidf have no action.— j 

3. Heated with Na, it forma CYA.N’jn:TEiiNK (q.v.) ] 
and NaCN.—4. Glacial JlOAo at 200'’ forma di- ; 
acetamide: CH,CN + CII,.CO.OU = (ClI:,.CO),Nll: 
(Gautier, A. ioO, 189).—5. Ac.,0, forms tri- 
acetamido: CII:,.CN + (Ctr,.CO),(> -(ClI,.GO),N. 

6 . Combines with dry HUr, HI, and (with 
difficulty) with llCl (Gautier, A. 142, 291).-- 7. 
Bmnine forms the bydrobromide of tlio nitrile 
of BBOMo.ACE*nc ACID (q.v.), CILBr.Cll:NUr [65^]. 

Coinbinalions.— C 4i;,N2Illh*, orCHu.CIL.NBrj 
f47°-5(5°] crystals; maybe sublimed. —C.JI;,NrCl 3 
(72®); dissociatedabovoilsboilingpoint(llencke, 
A. 106; 281).—CJlsNSbClj, formed with groat 
rise of temperature; white crystals which may bo 
sublimed (IL).*'^.Jl,NAuCl 3 : brownisli-yollow 
pouder (H.).—(C 3 H.,N) 3 TjCl 4 : white crystalline 
crusts; may bo sublimed (H.).—(C 3 HjN).SnCl 4 : 
subliraes in arborescent formatlbns (H.).— 
C.jH.,S2Hg(CN),: white vitreous mass; decom¬ 
poses oven over_HaSQi (Hesse, A. 110, 202), 
CHa.C(NH.J;NOflrformed by the union of aceto¬ 
nitrile witli hydroxylamine a. Ethentl-amid-oxim. 

ACETONUEAMIC ACID C^H.^NA i.«. 
KHj.uO.KH.CMe 4 .COOH. a. Uramido^Uo-buifric 
acid, di^niethyUhydantoic acid. Obtained, as 
barium gait (OaH,Ny 03 )jBa{OH). 4 , by«prolonged 
boUiog A a iwation of oi-methyl-hyoantoln with 


A 


baiTta-water, The acid Hsell to be very 

unstable (tJmiffi, A. I 6 A 1 255). A more stable 
acid of the same composition is obtained by 
evaporating the mixed solutions of the sulphate 
of amido-isobutyrio acid and potassium cyanato. 
It forma orystals^moltiiig, with loss of water, at 
160®, moderately solubloTO hot water and alco¬ 
hol. Decomposed by prolonged heating at 
130®-140® into water and di-methyl-hydantoin, 
C^HjAgNaO, crystallises in needles (Urcch, A. 
164, 274). H. W. 

ACETONYI-ACETO-ACETIC ETHER 
U. CH,.CO.CH 4 .CHAc.CO,Et, a-$M-acetyl pro¬ 
pionic ether. 

From aceto-acctic other and chloro-acetone 
(Woltncr, B. 17, 67). liiquid. Warm cono. 
irCl changes it to pyrotritaric ether C^H^OjEt. 
Water at 160® produces some aoetonyl-acetone. 

ACETONYL-ACETONE C„H,„0,. i.e. 
CH 3 .C 0 .CH,.CH ,.CO.CIla. Di-inethyUthyUn$ di- 
Icciunc. (188® uncor.) 

Formation. -(1) By Iic.-itingpyrotritarioacid 
(di-mefchyi-furfarane-c.'irboxylic acid) with water 
.at 150°-1C0®; yield nearly theoretical. (2) By 
Ijcating acetonyl-aceto-acetio ether with water 
at about 160® ; small yield. 

-M(»bile liquid of peculiar smell. 
Miscible with water, alcohol, and ether, insol* 
cono. KOHAq, or K^CO^Aq. 

Reactions. when heated with it, forms 
thioxeno C,.H,,S.—Heating with alcoholic NH-, 
gives di-mcthyl-pyrrol (Paal,B.18,2251); amines 
behave similarly (Paal a. Schneider, B. 19,3156). 

7)i-oa;fmCH3.C(NOn).ClI,.01l2.C(NOH).CH, 
[135®], White glistening plates, v. sol. hot water, 
alcohol, or ether, v. si, sol. benzene. 
J)i-phenyl-di-hy dr azide O.^H,(CMe:K 2 HPh)a 
[ 120 ®.]: plates, v. sol. alcohol, ether, or benzene, 
nearly in-sol. light petroleum (Paal, B, 18, 58). 

ACETONYL-CARBAMATE C,H,NO, [76®]. 
Formed by boiling acetonyl thiooarbamate 
{infra) with lead acetate or silver oxide. 
Crystallises from water in prisms, may be dis¬ 
tilled; dissolves in water, alcohol, and ether, 
Decomposed by heating with strong hydrochlorio 
acid or baryJp,-wator, yielding CO^, NH„ and 
a-oxy-iso-bulyric acid. Tho salts Cj,H^NO„ 
and *AgNOv 2 CsH,NOs are crystalline (Hre^, B. 
11,407; 13, 135). H.W, 

ACEXONYL-PHOSPHINIC ACID 0,H,PO-t.e. 
CH 3 .C 0 .CH. 4 .P( 0 H), 4 . Itesiduelcft after distillmg 
acetone with I and P { 0 . Aceio)%c-p}mp}u>rom 
acid under Acrtoni:). SaU.-~'B&{C^J?Offy 

Di-acetonyl phosphinio Acid v. Dt-AOBioita- 

PIIOSPIIINIO ACID. 

Di-acetonyl-phosphorous Chloride v. Di-aos* 
TOXE-rnosPHonous ciiLoniPB. 

ACETONYL-CIUINOLIN^ C.^iNQ i.*. 
,CU;CH 


C.H / I 

\n :C-Cnj.CO.CH, 

Quinohjl-acctone. [Vd^J. Prepared by redoing 
e-nitro-cimiamoyl-acelone in alcol^lio sMution 
with SnClj. Long yellow noedlea. ‘ Vistila with¬ 
out decomposition. Sparingly volatile with 
steam. Insol. cold water, si. sol. hot water, 
l^es wool and silk yellow. Heated with strong 
HCl at 170° it gives (Py. 8 )-me*yl-quinolin» 
(l%cher a. Euzel, B, 16,1C3). • 

ACBIOUtL-THlO-CAKBAMATE (so oallod) 
O.H,NSOi. TImeetmwumic add, 

sa 



ft AOmNYL-TBIO-OMMli^TB. 

Fonned by tibatiog scetooe with • mixtore of AOBIOPHBir01fB*A(IBIO-ACETIO ACID 

S Dtaasiam oyanide andsalphocyanide, and HOI: G, 2 H„ 0 ,' OH|.OO.CH(CO^).CH,CO.C,H, 
iH,0 + ONH + ONSH NH, + 0,H,NSO,. AeetopMnom-acetont-^rboxylicacid[lSiO°-HO% 

Long needles; easily sablimable; very soluble Smalloolonrl^s oirstals. Obtained by saponifies- 
in ether; less easily in cold water, Besolved tion of the etl^jr which is prepwed by the action * 
by healing with HCl in a sealed tube at 120° ot «-bromo-acrtophenone on sodio-aceto-aeetio 
into CO„ HjS, NHj, a^d a-oxj-iso-butyrio acid, ether. It is very Apstable. On warming with 
The silver salt C,IItAgNSO, is very sparingly absolute alcohol it evolves CO., and yields aceto- 
golnble (Orech, B. 6,1117). H. W. phenone-acetone CH,.CO.CH.j.CHj.CO.OA 

ACETOmri-tlBEA 0 . di-Methyl htdahtoih. (Paal, B. 16, 2805). Acetophenono-aceto-acetio 
ACETO-PHENINE V. Acetophemone, Be- ether is reduced by sodium amalgam to a oily 
action 6 . lactone, CH 3 .CH.ClL.CH(CHMe 0 H).C 0 . 0 , sol. 

ACETO-PHENONE 0,H,0 i.e. C,H,.CO.CII,. I_!_ _ _i 

Phenyl methyl ketone, Acclyl-bemcne. M. w. aqueous KOH or Ba(0II).j but insol, aqueous 
120. [20-5°]. (202° cor.). S. (J. 12 1-032. KXO, (Weltner, B. 17,00). Amines convert ace- 

Formation. —1. By distilling calcium ben- toplicnone accto-acctic ctlior into derivatives ot 
Eoate with calcium acetate (h'riedel, A. 103 pyrrol (Paal a. Schneider, B. 19, 3150). 

122).—2. From BsCl and ZnMc^ (Popoll, A, Behydro-> acetophenone - aceto - acetic acid 

161, 296).—3. By action of KOlIAq on ben- C,»H,„Oa [114°]. From acetophenone-aoeto-ocotio 
Eoyl-aceto-acetio ether. ■— 4. From phenyl- ether C,Hj.C 0 .Cll 3 .CH(C 03 Et).C 0 .CHj by heat- 
acetylene by shaking with diluted (75 p.c.) ing with alcoholic KOII. Large crystals (from 
HjSO, (Friedel a. Bnlsohn, BZ. [2] 35, 54): benzene mixed with benzoline). From dilute 
Ph.C:CH + n„0 = Ph.CO.CHj.—5. From bromo- alcoliol it ecp,arates in hydrated needles [115°- 
styrene and H.SO,: small yield.—0. Bromo- 120°]. By boiling with IICl it is converted into 
styrene heated with a largo excess of water for phenyl-methyl-furfurano-c.arboxylio acid 
12 hours at 180° yields 66 per cent. (Friedel HC C(CO-H) 

a. Balsohn, BZ. [-2] 32, 613).-7. From ethyl- ^ % 

benzene and chramio acid in acetic acid (F. a. PhC—0—CMe. 

B.).— 8 . From di-hromo-phenyl-propionie acid, Soils.—KA.'. Long silky needles (from al- 
CH.Br.CBrPh.CO.,H by boiling water (Fittig a. cohul). NH,A'. 

W’urster,/f. 195, iOO). O.eiia C|jH,.,Nj 03 : [172°]; glistening white 

benzene (10 pts.),acetyl plates; sparingly soluble in water, easily in 
chloride (1 pt.), and AlCI, (2 pis.) (Iticlitcr). alcoiioi.etlicr,benzene,aqueousacids,andalkalis. 

Properties. —Inrge plates. I)oe.snotcomI)ine ; 2'Uenyl-hydraside G,,II, small needles 

withNaHSO^but.likeotherketones,itreaetswilh ! (I'aal, B. 17, 916, 2761). 
hydrozylamine, phenyl-hydrazine, and HCN. ACETOPHENONE - ACETONE C„H„ 0.3 i.e. 

Beactions.—l. Chroinic-miiinrc o.vidises it to C 1 I;,.C 0 .CH. 3 .CH.,.C 0 .CJI-, (acetyl-benzoyl-elham 
benzoic and carbonic acids (PopolT).—2. Soilinm- or elhtjlene methyl phenyl di-ketone). Prepared 
amalgam reduces it to phenyl inetliyl earbinol, by heating acetophenone-itfeeto-acetic amd (g.v.) 
GH 3 .CIIPh.OlI, and aeetoplienone-pinaeone.— witli absolute alcohol. Yellowish heavy oil. SI, 
8 . With HI and P at 140° it give.s di-pheiiyl-di- sol. water, quite insol. alkalis. Cannot be dis- 
methyl-ethane, C,,!!,,, and a coiiipoiind C,„H,„0 tilhd (Paal, B. 16, 2868). 

(Graebe, B. 7, 1626 ; v. Acktoi'jiknonk-pi.naco- lieactions. —1. P-O^ removes H.,0 forming 
line).— 4,C//Zer/;jrprodueescliIoro-acetopIicnon(j , , , . , a" 01I"~CH 

Ph.CO.CH.,.Cl [59°] (24.5°) and di-chloro-aceto- phenyl-methyl-turftrane, ,, ,, 

phenone Ph.CO.CHCL (250°.--'.jS') 0 . CuLoRO- ■„ r. -.V,' , , 

ACETOPHENONE. —5. Bnnniiie in produces H^uted with P^S,it gives,similarly,phenyl- 

bromo-acetophenone, Ph.CO.CILBr [.50°] t-.Bao- mothyl-thiophcue, u 
Mo-AcETOPUENONE. — ij. Ammonia in jiresenee of MeC.S.CPh. 

P.jO, forms ' acetophenine ' C ,H|,N together 3 _ Heated with alcoholic NH, it gives, simi- 
with methane. Acetoimemne ciystaihses from CII —CH 

alcoholinslenderneedles,whielimaybcsub!imed. larly, phenyl-methyl-pyrrol, „ n 
It is a weak base; it.s hydrochloride crystallises MeO.NH.CPh 

in plates, decomposed by water into HCl and the (Paal, B. 18, 367). 

base. Fuming HXOj forms tri-nitro-.acetoplicninc Oxini C,,H|,NOj. [123°]. Formed by action 
C 3 ,H„(NOj) 3 N ; slender needles (from ether), pf hydrozylamine. Long white needles, soluble 
Acetophenine is prolialdv tri-phenyl-pyridiue: in acids or alkalis. 

iphiCilL Phenyl-hydraside C„H„N.,0 (c. 105°]. 

White prisms, got by adding jiihenyl-hydrazina 
^^CPh.CII'^ slowly to a solution of theketoASn ether (3 vols.). 

(Engler a. Richm, B. 19, 40).—7. When taken V. sol. ether or benzene, nearly insoluble in light 
internally it reappears in the urine ns hip- petroleum (faal, B. 17, 276.3). 
puflcAOcid, having, doubtless, been previously C|,H„N., [155°]. Formed by mixing the ke- 
oxidised a^n Iteaction 1 (M. Nencki, J. p-. tonewithphenyl-hydrazine (et.Knorr,B.18,305). 
123,288). Dchydro-acetophenona-acatene 0„H,„t). 

- [83°]. This body is formed together with the 

Besides the derivatives described below, aee isomeric pbenyl-methyl-FUBFCRANE by the action 
Bleo.'AMiuo-^ETOFU£Eo.N'E, Br.oMo-ACEfbPHENONE. ol!^c,0 and other dehydrating agents up«n ace* 
Brojk^itbo-acetophenonk, Inno-ACETopirExiiNE, to^cnone-acetone. Cannot be distilled, even 
Di-uethtl-auido-acetopiienone, Nituo-ackto- with stsnm. It combines with bromine, and 
rif^oNE, Tato-ACETOFHBNONE, Acetopuen-oxiu. | givcs witlf^henyl-bydrazine the same oompoundt 



AOETOjgpENONB OAHBOXTLIO ACIDS. 


d„H„N, that the aeetopbenone-aoetone 
itsolf pTes. Hence its oonstitniion mnat be some¬ 
thing like CH,.00.0H,.C;0.0,H.. 

) ACETOFH£5AlfE AtCOHOl^ 0,HA 
0,Hj.C0.CH,0H BEHZotL-OiWmL. ^ iso¬ 
meric body, 0,H,(0H).C0.0H„ is described as 

OET-AOETOPHENONK. A 

ACEIOFEEHOHE-AKIUSK «. Fhentl- 

iiUDO-ACEIOPnEKOKE. 

ACETOPHENOSE-BEHZIl. [102‘>]. 

Acetophenone and powdered benzil in equiva¬ 
lent proportions are shaken with an excess ot 
cone. EOH (S. G. 1*27). After a few days a 
solid cake is formed, which is washed with water 
and then treated with ether. This leaves dehydro- 
acetophenone-benzil undissolved, and on evapo¬ 
ration deposits obliqne prisma of acetophenone- 
benzil, which should be recrystallised from 
alcohol. It is v. sol. ether or hot alcohol, si. sol. 
cold alcohol. Above its melting-point it gives 
off acetophenone. Its constitution is probably 
Ph.CO.CPh(OH).CH,.CO.Ph (Japp a. MUler, C. 
J. 47, 34). 

Dehydro-acctophenone bonzil [129°]. 

Formation. —See above. 

• Preparation. —Equivalent quantities of aceto¬ 
phenone are shaken with excess of cone. KOII 
(S.G. 1'27) and kept liquid for some hours by the 
application of sufficient heat. Tlie product is 
treated as described above, but ether extracts 
hardly anything. The residue insoluble in ether 
is crystallised from alcohol (J. a. M.). 

C„H,.0, + 0 JI.0 = C,;H,.0, + H.O. 

Properties. —Tufts ot flat needles (from alco¬ 
hol). Y. el. sol. ether or cold alcohol, v. sol. 
boiling alcohol. 

Reactions.—Bromine added to its solution in 
chloroform unites forming largo reddish crys¬ 
tals which are appirently the tetrabromidc 
C._,;H|,OjBr, [110°-115°]. Becomes dark at 70°, 
and pale again at 80°. The bromine is given off ; 
in a few weeks over lime. | 

ConsfitaWore.—Dehydro-aeetophonone-benzil 
differs from dehydro-acetonsSbenzil not only in 
forming a bromide but also in having a very 
much lower melting-point than would bo expected 
if they were of analogous structure. Japp a. 
Miller assign to dehydro-acetoue-henzil the for¬ 
mula Ph.CO.CPh<^^y“^CO, and the unsatu- 

rated formula Ph.CO.CPhiCH.CO.Ph to dehydro- 
aoetophenone-bonzil. The latter formula can, 
however, account only for a di- and not for a 
tetra-bromide (C. J. 47, 37). 

ACHTOPHENONE CABBOXYtlO ACIDS. 

Acetophenone w-Carboiylio Acid 0,11,0^ 
C,Hj.C0.CH,.C02H V. Benzoyl-acetic acih. 

Acetophenone o-Carboxyllc Acid [1 :2] 
CO..H.O,H,.CO.CSBt. o-Acetyl-bcmoio acid. 
[116°]. 

Formation. —1. Together with CO., from 
acetophenone di-carboxylio aoid by beating, long 
boiling with water, or by potash-fusion.—2. By 
heating phthalyl-acetio aoid with water at 200 °: 

-0.-CIH.C0ai 




• CO,HC.H,.CO.CH, + CO, / 

(Gabriel a. Michael, B. 10, 1564).—8. From 
methylene-phthalids by warming with \queaus 
EOH (Gabriel, B. 17.3594) i 


,g=.CO,H.OA-CO.OHr 

Properttes.—Broad crystals, with sweet taste. 
Reactions. —1. Bromine and glacial acetic 
acid at 100° convert it into bromo-methylene- 
•0 = CaBr 

phthalide C,H,^ \ 

'CO.O 

2. Cone. H.SO, forms, in the cold, two bodies, 
C„II,,0, [216°] and C„H,,0,, [o. 184°]. The 
latter body is a monoba.sic acid, di-acetophe- 
nono carboxylic acid, and splits up into 
CO, and the former body when it is heated above 
its melting-point fW.Iloser, B. 17,2620; Gabriel, 
B. 17,2605).—3. Alcoholic NIIj for fourteen hours 
at 100° forms a base, C„H„N,0, [204°-210°] 
It crystallises in long needles, insol. water or 
alcohol and gives a nitro.so-derivativo [246°] 
(Gabriel, B. 18,1258).—4. Ao.O and NaOAc form 
Ao.C,H|.CO.Ao [71°]; needles, insol. alkalis 
(Gabriel, B. 14, 921). 

Phenyl-hydra side 

CO,n.C,Hr®rc(NjHPh) 

[102°]. Small prisma or large tables, y, e. sol. 
alcohol (Itoser, B. 18, 804). 

Oxitn.—Tbe anhydride of this body, 

^C.\Ie;N 

^•^'<^00.6’ 

[159°] is formed by the action of hydroxylamlne 
(base) on acetophenone*o*carboxylic ether, or of 
bydroxylamiueliydrochlorido upon acetophenone 
cli-carboxylic ether. It is also got, together with 
CO^, wlicn the oxim of acetophenone di-car* 
boxylic acid is heated. It crystaliisea in colour¬ 
less needles (Gabriel, B. 10, 1993). 

Acetophenone |)-Carboxylio Aoid CyHaOj, 
[1 : 4] CO.,II.C,H^.CO.CHa. [200°]. Formed, to¬ 
gether with tcrephlhalic acid, by warming exo- 
o.Kv-isopvopyl-benzoic acid Me,^C(OH).C«H^.C 05 {H 
with chromic mixture (B. Meyer, B, 12,1071 • 
A. 219, 250). The process is similar to that 
by wliich tri-nicthyl-carbinol is converted into 
acetone. Needles (from water). May be sublimed. 
Y. si. sol. cold water, si. sol. hot water, alcohol 
or other. * 

BaA'slaq.— Cu A/aq.— PbA'jl Jaq.— 
AgA'. ■ • 

Methyl ether. —McA', [92°]. Small needles. 

Acetophenone o-w-di-carbcxylio acid 
C„HAaq ».c. CO.,H.C„H,.CO.CK,.CO,H aq. 
Beneoyl-aect-carborylic acid. [90°]. Formed 
by dissolving phthalyl-acetio acid (q. v.) in cold 
aqueous NaOtl and ppg. by HCl (Gabriri a. 
Michael, B. 10, 1553). It behaves, therefore, 
as if phthalyl-acetio acid were its anhydride. 
Broad needles (from water). molting, it splits 
up into HjO, COj and acetophenone o-oarboxylio 
aoid (q. !>.)'. 

Salt: AgA': granularpp. 

Phenyl-hydrazine, in alooholio solution 
in presence ot HOAc, forms the anhydridessf Vic 

phenyl-hydrazide: ^tfj?h 


CO" 

ItCs soluble in NaOHAq and is reppd, by EOL 
[160°] giving off CO,. It forms sato, e.g .: 
{C„H„N.jOJ,Ca3aq (W. Eoser, S. 18, 808^ • 
Bydroxylamine forms, in like manner, not 
the oxim but its anhydride; 



AdETOPBENO^J!: 


x-OH,OOJH 

[& 160*’]. This is a mono-basio aoid, and gpUts 
op, when heated, into CO, and the anhydride of 
the oxim of acetophenone-o-carboxylio acid 
(obooe). 0 

AOmFHENONE CHLOBISE v. di-Ohlobo- 
niETL-BBNZENB. 

ACETOPHENONE CYANHYDRIN O.H,NO, 
Ph.C(OH)(CN).Me a-oxy-a-phe)tijl-proi>io- 
nitrile, a-oxy-hydro-atropo-nitritc. Formed by 
mixing acetophenone with KCN, and adding 
laming HCl (Spiegel, B. 14, 235). A brown oil. 

Reaetione. —1. KOHAq gives atrolactic acid, 
Ph.OMe(OH).CO.,H.-2. ITCl at 130° gives 
ehloro-hydro-atropic acid: Fb.CII(CH.;Cl).CO JI 
(Spiegel, B. 14, 1352).—3. Ammonia forms 
Ph.C(NHJ(CN).Mo (Tiemann n. Kohler, B. 
14,1980). 

ACETOPHENONE-DI-METHYL-ANIIINE v. 

M-Methyl-amido-iii;nzvl piiexyl ketoke. 

ACETOPHENONE DI - METHYL - HYDRA- 
ZIDE C„H„Nj, i.c. PhCMe;N..Mc,(lC5°) at 100 
mm. Formed from acetophenone and di-methyl- 
hydrazine at 100° (Itieseiioggor, B. 10, 603). 

ACETOPHENONE NITRANILIDE v. Niino. 

PHEXYL-AMIDO-ACETOI’HENONE. 

ACETOPHENONE PHENYL-HYDRAZIDE 
C„H,,Nj i.e. CPhMe:N.rhH [105°]. Formed by 
shaking acetophenone suspendtal in water with 
a solution of phenyl-hydrazine hydrochloride 
and sodium acetate (Fischer, B. 17, 570). Also 
by allowing a cone, alcoholic solution of phenyl- 
hydrazine and acetophenone to stand for a day 
(Biesenegger, B. 10, 001), or by heating the 
oxim with phenyl-hydrazine (Just, B. 19, 1200)- 
Slender white needles or plates. V. sol. ether, 
si. sol. water or cold alcohol. 

ACET0PHEN0NE-(8)..PINAC0HNEC,JI,„O, 
M. PhjCMe.CO.CH, (?). [41°]. (310° uncorr.). 
Prepared by the action of zinc and ITCl on an 
alcoholic solution of acetophenone, lihombic 
prisma or short pillars. Soluble in CjH„, ether, 
acetic acid, hot alcohol, &c. IJy heating with 
soda-lime it gives HO.\c and di-nhcnyl-methyl- 
methane, PhjCII.CHj. On reduction with III 
and P, it gives a hydrocarbon Ci,;!!,, [128°], 
whicn is apparently identical with the hydrocar¬ 
bon formed by tlie action of Na on bromo-cthyl- 
benzene: PhCIIMe.CH.McPh. CrO, oxirlisc? it 
,to di-phenyl-propionic acid, ClljCPhjCOJI. 

It .An isomeric acetophenone-pinacolinc [70°] 
in pfiiS” i- V.) is formed when acetophenone is 
base. Fuwith III and P at 110° (Graebe, B. 7, 
C.j,H,,(N();,forma plates or tables (from alcohol). 
Acetopheniuocked by AcCl; HI reduces it to the 
C|,IJ,, (Thorncr a. Zinckc, B. 11. 

^^’^INE-PINACONE 

(Engler a. Biclim, j. CjH,-C(OII)-CU, 
internally it reappeat„ jj Cjj 

punc«ocia, having, aout» V. ' . ’ 

oxidised a^n lieaclion, t ® 

123,288).* acctopheiio 

’ - prisma. V. aoi. 


Bdsi^lcs the derivatives desci?^^® 
ftlso: Amido-^eto?ueno*se, 

BROinyilTRO-ACBTOPUENONK, loiiii.ACR'P''®*** J* 
J>I.METHYL-AMIDO.ACETOPIJKNONK, 

n^oME, Tbio-acetophemome, Acetophek* 


AOSTOPdSir*OX%G«p;NO*^hClfe;NOB 
(59®J. Ph$nyl mitiHvl Jeetoxifftr Poftned by 
mixing alooliolio solutions of acetophenonp and 
hydrozylamine; after 24 hours, the alcohol is 
distUlQd off, the product Crystallised from 
water. It forms colourless silky needles. Yola^ 
tile with steam; so^blo'in hot water, alcohol, 
ether, benzene, chloroform, or benzoline. Soluble 
in acids and in alkalis. 

ACETO-PBOPIONZC AOIB v. Aoettl-pbo- 

PIONIO ACID. 

ACETO-SINAPIC ACID v. Sinapio aoid. 

AC£T0*SDCGI]!1‘IC ACID v. Aoetyl-succikio 

ACID. 

ACETO-THIENONE v. Thienyl methyl 

KETONE. 

ACETO-THIO-TOLDIDIDE v. Thio-acktyl- 

TOLUIDINB. 

ACETO-VAIERIC ACID v. Acetyl-talerio 

ACID. 

ACETOXIM CjHjNO, i.e, Me,C:NOH Di- 
methyl-ketoxim, acetone hj/droxylamide [60®] 
(1x35® i. V.) at 730 mm. Prepared by leaving an 
aqueous solution of acetone mixed with 
hydroxylamine hydrochloride, neutralised with 
NaOH, to stand for 24 hours; and extracting 
with ether (V. Moyer a. Janny, B. 15,1324). 

Properties .—Colourless prisms ; extremely 
volatile and smelling like chloral. Very soluble 
in water, alcohol, ctlior, or benzoline. Neutral 
to litmus. Ether extracts it from a neutral, but 
not from an acid or alkaliiie, solution. It U 
readily decomposed by boiling acid.s (even acetic) 
into acetone and hydroxylamine. Acid reilucirig 
agents have a like cUcct, but zinc dust and 
NaOlI does not affect it. 

B'lICl, white powder [e. 100®], very un¬ 
stable, formed by pas.sing UCl gas into a dry 
clhereul solution of ucototjni.—CjILNCINaOEt, 
crystalline scales, got by adding NaOEt to au 
ethereal solution. 

Ikiizoijl derivative MeX:N(OBz), [42®], 
small colourless tables, very soluble in alcohol 
an«l ether, slightly in water; formed by the 
action of benzoyl cnloride on acetoxim. 

Jknzyl etlln- Mc-,C:N(t>C,H,.), (c. 100°), 
oily fluid, soluble in alcoliol and ether, insoluble 
in water; formed by the action of benzyl 
chloride aiul sodium ethylate on acetoxim; on 
warming with aqueous IICI, it is split up intc 
beuzyl-liydroxyiaotiiie (II^N.OCJI.) and acetone 
{.lunnv, a. 16, 17u). 

ACETOXIMIC ACID U. 

CH3.C(N01i).Cil(NOH). Nitroso-acetoximi Di- 
nitrosn-propanc jI53'^j. i‘t)/v7ia/io;t.—(11 Bythe 
action of hydroxWamiiic on n-di-chlor-Wetone 
(CHj.CO.CllCL). - (2) By the action of hydroxy, 
iamine on nitroao-acetone (C!lj.CO.CH(NOH}) 
(Meyer a. Janny, B. 15, 1165), Small prisms. 
Soluble in alcohol, other, aifel'^hot water. Ita 
alkaline solutiona arc colourless. 

ACETO^TL. Kolbe’s name for AOBiTLi 
Now used to denote C JljOj. 

ACET-TOLUIDE v’.(4ccf^f-TOLUiDtNi, 

ACET-TOI.YL-IMIDiOLYJgAMIDEii,ToLYL* 

ACETAMIDINE. 

ACETDRIC ACID C^,NO| U 
Cg 2 jNHAo).C 03 H {acetyhylycocoll, jgKittyU 
gJ^lntiGiaceiamido-aceticacid)* [206®]. B.(al 
16®) 2*7* 

I. By heating glyeoooE fith 




ALOOBOL. 


LfcO. *. .. 

moride (uaat a. Hutmann, A. 138,99). 

Iiong ooloorless orTstaU, readily soluble in 
lot mter and.i 4 alcohol, instable ii^ ether, 
hioroform andoenzene. # 

Reactions. —Givesared coloration withFCjOl,. 
ieadily saponified by boilinf with acids or alkalis. 

Satis. —AHH, aq: soluble needles or largo 
ables.—A'Ag: soluble plates.—A'.jBa.'iaq: easily 
oluble needles. — A'jCn4|aq : blue trimctric 
irisms, easily soluble in water and in alcohol.— 
t'HHOl* : needles, decomposed by water. 

Methyl ether.—A'Me, [69°], (254“) at 712 mm., 
ong colourless tables, easily soluble in water, 
Jcohol, and benzene, sparingly in ether. 

Eth^l ether. —A'Et, [48°], (260°) at 712 mm., 
.rimetric plates. 

Amide CHj(NHAc).CO.NH.,—[137°], largrs 
colourless tables, soluble in water and alcohol, 
insoluble in ether (Curtins, li. 17,1663). 

ACETURElDE v. Acetyl-\htx.K. 

ACET-XYLIDE v. Accti/l-XYhimaa. 

ACETYL CoH^O, CO.Cil,, COMe or Ac. The 
radicle of acetio acid, <&c. The name Acetjil was 
formerly applied to the radicle C.JIs. The inctix 
•ac4t- often indicates the radicle CH3.C: as in acet- 
amidine; sometimes it is merely a contraction for 
acetyl, as in acet-xylide. The acetyl derivatives 
obtained by displacing H in OH or in NIL or 
in NH are described under the compounds from 
which they are derived by tliis displacement. 

DI-ACETYL CJIA »•<?• CH3.CO.CO.CII3. 
The oxim, CH,.C(NOH).C(NOH).Cn3, of this 
hypothetical body, called also di-viethyl-ghjnxim 
or meikyl-etkyl-acetoximic acid, is formed by 
adding hydroxylamine hydrochloride to an 
aqueous solution of methyl oximido-cthyl ke¬ 
tone, fJH 8 .CO.C(NOH).CH,. Glittering needles 
(Schramm, B. 16, lIlO). 

DI-ACETYL-ACETONE DI-CARBOXYLIC 
ACID V, Acbto-acetic ether, Reaction 32. 

ACETYL-ACEXOFHENONE v. Benzoyl-ace¬ 
tone. _ 

ACETYL-ACBYLIC ACID 0. Tetric acid. 

Dl-a,.a,-ACETYL-ADIPIC ACID C,,H,,Oai.c. 
COaH.CHAc.CU,.CH 3 .CHAc.COJi. 

Di^ethyhether.—'Et^". Formed as ahy- 
product (20 p.c.) of the action of ethylene bromi do 
upon sodio-accto-acotio ether, and found in tlm 
residue after distilling with steam. It is a tliick 
colourless oil; its alcoholic solution gives a dark 
rcddieh-violct coloration with Fe.Cl„. 

Reactions, —1. It gives a tolerably stable di- 
sodio-derivative which, on treatment with iodine, 
yields the di>ethy lie ether of di-acctyl-lotra- 
methylene-di-oarboxy lie-acid, 
CH 3 CA 0 .CO 3 H 

iaqj in pearly %caIeB [210°].—2. By cone. NHg 
di-acetyl-adipic ether is converted into the ketone- 
imide, [177°].—3. Rlimyl-hydrazine 

forms the pnenyl-nydrazide [145°], which readily 
splits off alcohol giving ethylene-di-methyl-di- 
cxy-di-quinizi|M,. tm 

^aHiCMe Me.0:HN^ 

, *“‘^00 . CH.CH,CHrCH.C(K * 

4. By distillation, ot on solution in eono.HjSO„ 
it loses B, 0 , ginog an ether 0 ,.Er»Q,Srhioh pro* 
baUjjhae the oonstitaiiM 


The eorresponding ac#, [189°], forma a phenyl, 
hydrazide, C„BiA(N.,PhH) [192°] (Petbn a. 
Obrembsky, B. 19, 2061). 

ACElyl-AUIBO COKFOVItBB v. Ahiso 

COMPOUNDS. • a 

ACETTL-BEBZOIC ACID v. Acniopbekonb 

CAUDOZYLIO ACID. 

ACETYL-BENZOYl-ETHANE «. Aoeiophs- 

NONK-ACETONE. 

ACETYL-BENZOYl-ETHANE CABBOXYLIO 

ACID V. ACE'roPUESONE-ACETO-ACETIO ACID. 

ACETYL-BENZYL-SDCCINIO ETHEE 
C„H...05i.e.C0.,Et.CAc(CH,l>li).CH.,.00.^1(310°) 

S: G. in 1’088. Prepared by the action of benzyl 
chloride on a mixture of sodium ethylate aud 
' acetyl-succinic ether (Conrad, B. 11, 1068). 

! ACETYL BROMIDE C,H,OBr t.c. ClI,.CO.Br. 
Acetic bromide (81°). Formed by treating 
acetic acid with PBr, (Hitler, A. 95, z09). Pre¬ 
pared by gradually adding 240 g. bromine to a 
mixture of 00 g. glacial acetic acid and S3 g. 

' amorphous phosjihorns, and distilling when the 
action is complete (Gal, A. 120, 637). Hanriot 
{A. Ch. [!)] 17, 83) uses 1 pt. phosphorus, 
15 a<;etio acid and 40 bromine. Colourlesa 
fuming liquid. Heated with bromine at 100° in 
i a scaled tube, it yields bromacetyl-bromide 
C.jH.BiO.Br, together with more highly bromi. 

I nated compounds, which may bo separated by 
fractional distillation (Gal). On the action of 
bromine on C .HjOBr, see alsoTJreoh (3. 13,1720j 
J. 1880, 38(!).' H. W. 

ACETYL-BUTANE-PHOSPHONIO ACID 
V. di-Acktone-piiosphinio ACin. 

ACETYL-BDTYL ALCOHOL C,H,A- 

Di-acetonic alcohol CU 3 .CO.CH...CMe,rOH. 
(164°). S.G.ts-931. 

Preparation. —Acid oxalate of di-acetona- 
mine (1 pt.) is dissolved in water (3 pis.) and 
cooled to 6°, when it deposits some of the salt; 
solid KNOj (2 pts.) is slowly added, and the mix¬ 
ture kept cool for some days and then heated to 
50° or 60°; the oily layer (mesityl oxide) is re¬ 
moved partly by distillation, partly by a tap- 
funnel ; acR the aqueous solution, neutralised 
with K;GO„ is shaken with ether (Eeintz, A. 
j 160, 111! 178, 342). • 

P)-qpc) fics.—Syrup, misoiblo with water, al¬ 
cohol, or ether, gives off hydrogen when treated 
with Na. 

7 -Acetyl-»-butyl Alcohol C,H„0- i.e. 
CH,,.CO.CH...CH,.CH...CH.OII. Methyl t^oxy-n- 
hiiiyl kdoiie. (155°) at 718 mm. S.G. a 1-0148. . 

Formation. — 1. From bromo-propyl-aoCto- 
acetio ether (60 g.) by boiling for an hour with 
w.ator (.50 g.) and HCl (20 g, of S.G, 1'18) (Lipp, 
B. 18,3280).—2. From so-otllcd tetra-methylana 
methyl ketone carboxylic acid by boiling with 
water (Perkin, jun., B. 19, 2557). 

Properties. —Liquid with camphor-like smellt 
V. sol. water, alcohol, and other •, soarc^ vtilatile 
with steam. It does not reduceTohling’s solu¬ 
tion or ammoniacal AgNO,. Chfomie mixture 
oxidises it to 3-acetyl-n-butyrio acid, Sodiam 
^amalgam reduces it to w-i-di-oxy-hexane. 

Anhydride C,H„0 \ 

Oil. Formed by disSUing the ile^Sl w th« 
I'dlowing acid. 



AOETTL-BUTYL 


T»ttt>in«th7l*iie mtUiyl ketons oarboxylio 
Mid, 0,HuO„ appears to be a oarboxyiio soid 
lormed from the aiibj%ride of acetyl-butyl 

alcohol: 

Ita ethyl ether 0,H„0„ (223°h M.M. 10-196, is 
formed by the action of^trimethflene bromide on 
aceto-acetic ether h. p. 24).' 

ACETyL-BffTTI BROHIDE C,II„BrO le. 
CH,.CO.CHj.CH,.Cn..CH„Br. (215'’) at 718 mm. 
I'rom the preceding acid, C,H,„0„ or from acctyl- 
bntyl alcohol by the action of HBr. Also formed 
by heating bromo-propyl-acoto-acotio ether with 
dilate acids. It is a colourless oil, r. sol. alcohol 
or ether, v. si. sol. water; boiling water converts 
it into the alcohol (Lipp, B. 18, 3231; Perkin, 
B. 19, 2657). 

ACETYl-BBTraiC ACIDS C,II,„0,. 
a-Acetyl-n-butyrio acid CII,.ClL.CUAc.COJI 
«. jBtAyi-aceto-occttc acid under AcE'ro-ACKTicAeit). 

(J-Acetyl-re-butyric acid CH,.CnAc.CH,.CO..H. 
[ 0 .- 12 °]. (242°). Formed, together with its etlior, 
by boiling o.acetyl-a-methyl-succinic ether, 
00,,Et.C.lIeAo.CH,.COjEt, with HCl (Bisclioll, 
A. 206,331). 

Very hygroscopic liquid. V. sol. water, alco¬ 
hol, or ether. 0 .ridiso 3 in air. Hot dilute 
HNO, forms pyrotartaric acid. 

Salts. — ZnA'j (at 100°) : nodules (from 
alcohol). The salts of the alkalis and alkaline 
earths are syrupy, the lead salt may bo got as a j 
vitreous mass. 

Ether.-Mk' (204° 205°). Oil. | 

y-Acetyl-n-butyric aeidCILAc.CH..CH..CO.;H : 
[13°]. (o. 275° i. V.). From sodium aceto-ac('tic I 
ether and B-iodopropionio ether (Fittig a. Wolff, ; 
A. 216,127). Thick liquid. V. sol. water, alco- | 
hoi, or ether. Solutions are acid and decorn- • 
poseNa.,CO,. Forms a crystalline compound with ! 
water,Cn,.C(OH)j.CH,.CHj.CrL.CO.^ [35°-3(;°J ! 
which forms inonoelinic prisms, 

o : 6 : c=.-769 ; 1 : -885 B-75° 20'. 

Over HjSO, it loses 11,0, becoming liquid. 

Soifs.-Ca(0,II,0j),aq.— Pb(C,H,Oj)„aq. — 
ZnA',.—AgA'. 

Reactions.—Sodium amalgam reduces it to ! 

d-OXT-HEXOIO ACID {q. V.). ‘ I 

e-Acetyl-iso-butyric acid (CH,).,C.Ac.CO,lI i 
o. di-rlkthyl.aceto-acelic acid under AcETo-ACFiric 
Acm. 

B-Acetyl-iso-bntyric acid CII..Ac.CireU.CO .II I 


FomaHoA.—Omns. HjSO, dissolves B-ehlorc 
allyl alcohol, CH.,:001.CXIs0H, giving oft HCl 
the solution is diluted and distilled (Henry 
Bl. 39.626). { „ 

Etm e<hfe.-CH..OO.CH,rOEt. ( 128 °) 
S.0.19 '92. Formed by heating' propargyl ether 
CHiC.CHjOBt, withftwater and HgBcj (Henry 
0. li. 93, 421). Colourless liquid with peculiai 
odour and burning taste. 

Acetyl derivative C,H,0(OAo). Colourlesf 
fluid. (172°)S.O. iil'OSS. Soluble in water. Pre- 
pared by heating potassium acetate with chlor- 
acetone. Also from propargyl acetate, water, 
and IlgBr.,, 'The alcohol has not been got by 
its saponification, Readily reduces ammoniacal 
silver nitrate or Fehling’s solution, the chief 
product of the oxidation being lactic acid. 

Benzoyl derivative OjH,,0(OBz). Long 
needles. [24°]. Soluble in hot water, easily in 
alcohol and ether. Prepared by heating potas¬ 
sium benzoate with chloracetone. (Brener a. 
Zincke, B. 13, 637.) 

ACETYL CHLORIDE CJI,O.CI, i.e. Ac.Cl. 
Acetic chloride. M.w. 78-5. (5<)'9° cor.) (Thorpe, 
C. ,T. 37, 188): (61°-.53’) at 720 mm. (BrfUil, 
A. 203, 14). S. G. 9 1-1377 (T.); \° I'lOal-, 
C. E. (0°-10°) -001391 i (0°-50°) '001504 

S. V. 74'05 (T.). 1-3954. Ea, 26'82 (B.). 

II.F.p. 63,300 (Bertliclot). 

Formation. —1. From POOl, and potassio ace¬ 
tate; 3KOAc-iPOCI,,=K,,PO, + 3AcCl (Gorhardt, 
A. Ch. [3] 37, 294).—2. Contained in the more 
volatile portions of the product of the action of 
chlorine on aldehyde (Wnrtz, A. Ch. [3] 49, 68 ). 
3. By distilling glacial acetic acid with PCI,: 
HO.Vo + PCl 5 =AcCl-iClH-rPOCl, (Bitter, A. 
95, 209). 

Preyaration. —By distilling glacial acetjo acid 
(61g.) with phosphorus tvfiildoride (93g.) (B 6 - 
champ, J. 1856, 427). The reaction is as 
follows (Thorpe, 0. J. 37,186); 

liHOAo + 2PC1, =- 3.\(;C1 + 3HC1 + P.,0,. 

If more IIOAo bo used Ac^O is also formed. 
The action of PCl,(i 3 therefore precisely like 
that of PCI,, amounting to a displacement of 0 
by CL; the molecule lICLAc, which might be 
expected to bo formed, cannot hold together on 
account of the monovalent character of chlorine, 
and .so splits up at once into HCl and ClAo. 
Under precisely similar conditions, alcohol, 
HOEt, gives HCl and ClEt. 


(248°). Formed, together with its ether and j /hoperftes.—Colourless, fuming, mobile, and 
CO„ by boiling a-acetyl-B-methyl-succinio elber, i strongly refracting liquid. Its vapour strongly 
COjEt.CHAc.CHMe.CO,Et, with IlCl (Bi.schoff, ; attacks the eyes and respiratory organs. 

A. 206,319). It is a liquid. V. sol. water, alco- Hcactiont.—l. Violently acted on by mter, 
bol, or etlier. Turns brown in air. Dilute HNO, with formation of HCl and acetic acid.— 2. 
forms pyrotartario acid. The salts are amor- With ammomo it yields acotamidoAcCI + NH,- 
phons. The silver salt deposits silver on warm- IlCl t AoNH, and with oniftiic in lilfo manner, 
ing its solution. * acetanilide, AcNHPh.—3. Distdlgd wfth yjo/as- 

Ether.—Eth.' (206°-208°). Oil. sinm acetate or benzoate, it rorms acetic or 

ACETYL-TEI-CAEBALLYLIC ETHER aceto-henzoic oxide: KOAc + AoCl=KCl + Ao,0; 
0„H,,0„ t.c. CO.,Et.Cri,.CAc(CO.,El).CH.,.CO,Et. and KOBz + AcCl = KCl + AcOBz. Similarly with 
FroctcWoro-^etic ether and scKlinni aoetyl-suc- salts of other acids.—4. With potassium hydro- 
cinic ether, ^0.,Et.CH,.CAcNa.CO,Et (Mielile, sulphide it yields acetic hydrosulphide or thio- 
A. 190,323). It boils with much decomposition acetic acid, and with poteHHummeonosulphids it 
at280°-300°. Boiling baryta water or cone, aloo- forms acetio sulphide or thioaoetio anhydride, 
holic KOH split it up co.-nplotely into alcohol# AcCl + KSH = KCl + AeSH; and 2AoCl + K,S - 
acetic, and trimarballylic, acids. * 2K(%|' Ao.,3 (Jacqncmin a. Vossehnann, Of It. 

ACEIYL-CaEBINOL C.HgO, M. 49, W).—6. With ywfassium nifrtfe it gives 0 # 

OH,.CO.CH,OH. Pyruvyl alcohol, Oxy-aceUme, nitrosyl-cMoride, and towards the end of the xo- 
Act(^ aetion NOv^nd on heating the residue to 160°, 
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aeatis loliTdrida diitils overt A 0 OIt-ENd,» 
NOCl+KOAo, »nd AoCll + KOAo-KCI + Ao,0 
nfArmetrong, 0. J, 28, 68S).—6. SiJecr nitrate 
«ots : 2AcCl4ii|[NO,=AgCl + NOj + Ol+AOjO. 
Similarljr witn other nitrape ; H{f(N0,)2, 

Pb(NO,)j, and KNO, ore attacked immediately; 
Ba(N0,)2 is not afleoted; Olt(NO ,)2 readily. With 
KNOj.dilorine is first evolved, NO, only towards 
the end (Armstrong).—7. With succinic acid it 
yields acetio acid and succinic anhydride, 
C^,(COOH), + CH,.CO.Cl = 

HCl + OH,.COOH + CjH,(C0),0; 
and it reacts in like manner with other dibasic 
dih} dric acids; via., isodibromosuccinic, phtha- 
lic, diphonic, and camphoric acids; isosuccinic, 
ordinary dibromosuccinic, fumaric, and tere- 
phthalic acids arc not attacked; sublimed an¬ 
hydrous oxalic acid is resolved into H.O.CO, 
and GO,; benzoic acid yields benzoic cliloride 
and acetic acid (Anschutz, B. 10, 32.5, 1881).— 
8 . With titanic chloride, acetyl chloride forms the 
compound TiGl,AcCl (Bertrand, Bl. [ 2 ] 33, 403). 
Large transparent octahedral crystals [25°-30°J 
sol. in CS,.—9. Aluminium chloride reacts ac¬ 
cording to the equation A1„C1„ + 4 (CH 3 .C 0 )C 1 = 
•4HC1 -f 2(CH,.CO.CH;CO),Al',Cl, (Winogradoff, 
Bl. [2] 34, 325). The product is a solid, de¬ 
composed by water into COj and acetone.— 
10. PClj at 190° forms chloro-acctyl chloride 
CIl 3 Cl.CO.Cl (Samosadsky, H, 1870,105), and tri- 
chloro-acetyl chloride, CClj.CO.Cl (Hiibner, A. 
120, 330).—11. Zinc produces a brown mass 
whence alcohol extracts ‘ acetylide,' C„H„0„ 
which m.ay be ppd. by water. Red plates (from 
chloroform). Bol. ether, alcohol, UClAq, fuming 
HNOj, or ACjO. Combines with bromine; does 
not reduce Rehling's solution (Tommasi a. 
QuesnSville, C. f2.,76, 496). — 12. Acts upon 
benzene, in presence of AlCI,, with formation 
of acetophenone (j. ».).—13. Acts similarly upon 
thiophene, or its mono-haloid derivatives, dis¬ 
placing, in presence of A1G1„ II by Ac. But 
m di-bromo- or di-iodo-thiophene it displaces, in 
presence of AlCl,, Br or I % Ac, c. 17 .: 

0,HjSBrj + ClAc = C,HjSBrAo + ClBr 
(Qattermann a. ESmer, B. 19, 088). H. W. 
i ■ Use in Organic Investigations. —Acetyl chlo¬ 
ride evolves HCl when it is heated with any sub¬ 
stance containing the radicles hydroxyl, amido- 
gen, or imidogen. Hence, it a substance does 
not evolve HCl when so treated, it may be as¬ 
sumed to be free from these radicles. If the 
hydroxyl be alcoholic, i.e. att.achcd to an atom 
of casbon that is not attached to any more oxy¬ 
gen, it will be converted into acetoxyl (AcO); 
and, if the substance contains no nitrogen, the 
number of acetoxyls it contains after this treat¬ 
ment gives thsyiumbcr of alcoholic hydroxyls 
the body contains. Before making the experi- 
ment, all carboxyls should be ethcrified, since the 
group CO,H is attacked by AcCl (*. Jleaction 7), 
while the group COjEt is not attacked. The 
number of acetyl groups that have entered may 
in many oase^be d^rmined by bailing with 
standard alkali and subsequent titration (Schiff). 
Acetyl chloride converts NH, into NHAo, but 
harAy ever into MAc,. It converts NH intc^Ao. 
It has no action upon tertiary amines, h#oe it 
can be used in the diagnosis of badts. Acetyl 
chloride does not ut upon hydr^en directly 
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united to carbon, except in presence of A101| or 
some similar agent. 

ACETTL «AHH)E 0,H,ON or AcON 
Pyruvo-nitrUe. M. w. 69. (98°). V.D. 2-4. 

Preparation.—Wien acetyl chloride and sil¬ 
ver cyanide are heated together in a sealed tube 
at 100 °, and thnproduct is distilled, a colourless 
liquid passed over at 80°-90°, and afterwards a 
compound having a much higher boiling-point. 
The first yields acetyl cyanide on rectification. 

Properties. —Oil, lighter than water, which 
gradually dissolves it, forming HCN and HOAo, 
converted by HCl first into CHj.CO.CONHj, and 
•subsequently into pyruvic acid (Hiibner, A. 120, 
230; 123, 271; see also Fileti, ff. 6, 391; J. 
1875, 510). 

Di-aoetyl-di-cyanide CjII.OiNj [C9°] (210° 
cor.). V.D. 4’57 (for 4-77). Formed from acetyl 
cyanide by heating it with KOH, or even by 
keeping it for some time in a closed vessel. 

Preparation. —Powdered KCN (32 pts.) is 
boiled with acetic anhydride (50 pts.), diluted 
with benzene (200 pts.): yield is 25 p.c. of the 
theoretical (Kleeman, B. 18, 256). Glistening 
tables, el. sol. hot water, v. sol. alcohol, ether, or 
benzene. Di-aeotyl-di-oyanido, like acetyl cya¬ 
nide, is converted by boiling with water, H,SO,, 
or KOH, into HCN and AcOH. Heated with 
AgNO., it yields AgCN. 

ACETYLENE C^H, or CH.CH Ethine, 
Ethinene. M.w. 26. Physical Properties of 
llguid acetylene ; S.G. 2 '451; la -420 j ai -381. 
C.E. (-7° to 36°) '00489. Vapour-pressure : 
16,340 mm. at 0°; 24,900 ram. at 13'5°. Criti¬ 
cal Point 37° (G. Ansdell, Pr. 29,209). Proper¬ 
ties of gaseous acetylene : V.D. '91. S. 1 at 18°; 
S. (CS- or isopentane) 1; S. (CCl, or turpentine 
oil) 2; S. (amyl alcohol) 3); S. (benzene) 4; S. 
(glacial acetio acid or abs. alcohol) 6 (Bcrthelot, 
A. Ch. [4] 9, 425). H.F.p. -47,770. H.F.V. 
-47,770 (TA.) ;-64,000 (Rerthclot). 

Occurrence.—In coal-gas (Boettger, A. 109, 
351). 

Formation. —1. Synthetically by passing 
hydrogen gas over charcoal heated to whiteness 
in the electric arc (Bcrthelot, 0. B. 54, 640); 
the hydro^n may bo passed through holes 
drilled through the centre of carbon points 
discharging powerful sparks (Dewar, Pr, 29, 
183). —2. By exposing marsh-gas or coal-gas to 
a strong heat, or to the spark of a powerful 
induction-coil: 2CU, = C 3 Hj-t 3 Hj (Bcrthelot, 
C, R. 54, 515). Part of the C.Hj is, however, 
polymerised during the process, being converted 
p.artly into benzene C„IIs, partly into black tarry 
hydrocarbons (Bcrthelot, lit. [ 2 ] 11,142). Ths 
vapours of many other organic compounds, as 
ethylene, alcohol, other, acetone, amyl afoohol, 
and benzene, likewise yield acetylene when 
Induction sparks are passed through them (De 
Wilde, Bl. [2] 0, 267).—3. By the incomplete 
combustion of hydrocarbons and other organio 
bodies—abundantly, for example^n a»Bhnsen 
lamp, when the flame strikes do™ and bums 
within the chimney—also in the incomplete 
oxidation of organic compounds at ordinary 
Itemperatures, as in ths voltaic circuit, e.g. in 
the electrolysis of a solution of p^assium aooni- 
tate or succinate (Berthelot, B2r(2] ^ 103).— 
4. By the inoomplete oombustion of nuxtures of 
hydrogen and gaseous or vaporous oarbon^iom- 
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p 6 iuidfl not eontAiniag bydnogoot CO, C8^ 
CN.-^. By passing a mujure ot methane and 
carbon monoxide throu$i a red-hot tube; 
CH 4 HhCO«»HaO + 0.iH8.— 6 . Together with H, 
CH,, and free oarbon, hy passing the vapour of 
methyl chloride (Berthelot), or of ethylene 
chloride (De Wilde), or pentatio from Ameri¬ 
can petroleum (Vohl, J3t. 4, 302), througli a red- 
hot tube.—7. Together with benzene, by pass¬ 
ing styrene vapour tlirough a rcd-Iiot tube : 

+ (Berthelot, J. 1800,511),— 
8 . By passing chloroform vapour over red-hot 
copper: 2 Cncl 3 -f-Cu,.-- 3 Cu._;CL-f-CJL (Borthe- 
lot), or by treating chloroform with potassium- 
amalgam (Kletzinshy, Z. 1.^00, 127), or witli 
sodium (Fittig, ihiiL). — 0. From iodoform 
by the action of /liKily divided silver (dther 
alone or mixed witli linely divided cop[H‘r: 
2 CHr 3 + 3Ag,, = fiAgl + aH,. Ai^o by the :u-lion 
of finely divided zinc or of the zine-rf'iiper 
couple on iodoform in presence of water (F. (,’a/e- 
ncuve, C. It 97,1371: Ul. [2] IT, 15d).-10. By 
passing a mixture of CO and llCl over red-Iiot 
magnesium silicide (Bertlielot). — 11. By the 
action of alcoholic potash on bromothvh'no: 
C,H,Br 4 KOI! =KBr i ICO + CJf, (Sawitseh, C. 
R. 52, 157).-12. Jiy tlio action of water on 
calcium carbide (produced by strongly heat¬ 
ing an alloy of Zn and Ca witli clmreoal): 
CaC 3 + H,0-Ca0 - C,H, (Wdhior, A. 121, 220). 
13. Formed, together witli sueeinie acid, by I lie 
electrolysis of sodium fuimirato or inalta)'-: 

+ H.O-C,H, 4 2CO,. h Xa,X) + U, (Ke. 
kul 6 , iT. 18b4, 380). -M. By hcntlng i<. (bi¬ 
onic acid with potash: C.Jl,O.SO,K-f KOH = 
C 3 H 3 KBO, + 2HoO. —15. Formed i n sum 11 iju aii- 
tity by healing cupric acetate (I pt.) with water , 
(200 pts.) in a closed Hash at 100^ (Toiumasi, : 
Bl [2j 38, 257). 

Preparation. —1. Air is burned in a cylinder j 
full of coal-gas, and a portion of the ))rodi’..ds : 
of combustion are sucked (by an air-pumi») first j 
through a metallic condenser to cool tlK.-ni, and ' 
l^en through several bottli s containing an am- ! 
rfioniacal solution of cuprous chloride. A red i 
pp.,C 3 CiVjaq, is formed ; tliis 13 collected, washed ' 
by decantation, and warmed with aifieous HCl, i 
when it is decomposed witli evolution of aeoty- | 
lene gat: eXu-^H^O : 21101 = 011.-1-201101 1 H.O j 
(Jun^cisch, G. k. 00,201; J. l^'h. [5] 1, 307).— 1 
2. Ethylene bromide is slowly dr<>pped into a ! 
strong alcoholic solution of potasliat luiilingheat, i 
and tlie evolved gas is pas::od through a iveond 
similar boiling solution to remove bronv lSiyleue 
(Miasnikofi, A. 118, 330; Sawit.sch, A. 119, IHl; 
Subancjc'lf, A. 178, 111). To remove the I.ast 
traces^of bromethylene, Zoi.sol (A. 191, 372) 
recommends jiasain^ the gas over moderately 
heated soda-lime, xlicgas may also bo purillcd, 
as in the first method, by i.)assing it through an 
ammoniacal solution of cuprous chloride. 

Pro;>«rfics.—Colourless gas, having a dis- 
agreeable odom. According to Zeisel, when pre- 
pared fwin ijo copper compound as described 
above, it is contamin/itcd with vinyl chloride. 
Acetylene is Inpiefiod by a pressure of 83 atmo- 
Bpneres at 18^, fonuing a mobile, highly rofrac-^ 
live liquid, liglker than water. Liquid acetylene 
dissolves^taramns and many fats (Cailletot, 0. B, 
•85,851). 

— 1 . Becompotwd by the induction^ 


' spark with sepanifion of caf&oii, *ni^ 
verted into a liquid and a solid polyaoetylana^ 
the latter’ insoluble in the ordinary solvents.— 
2. Slowly pas8e4^ough aporleVtin tube heaUi 
to hrigtit redneM it is almost wholly resolvei 
into C and H, toge&er with small quantities 
of ethylene and of tw containing naphthalene. 
Acetylene is also resolved into 0 and H by ex¬ 
ploding a percussion-cap in it (Berthelot, 0. B, 
93 , 618). Heated to dull redness in a bent glass 
tube standing over mercury it is gradually poly¬ 
merised, forming: a very volatile liquid probably 
C,II„ benzene C„ri,„ styrene (136®-1C0®), a 
liquid mixture (210°-250®) of naphthalene 0,«B^ 
and piobubly naphtlialcne hydride C,nH„„ a 
mixture of strongly fluorescent oils distilling at 
retene distilling at SCO® (Berthelot, 
C. II. 62, 905).-—3. Mixed with excess of hy¬ 
drogen over mercury, and in contact with plati- 
' num-b!ack, acetylene is converted into ethane: 
CJL + 21I. = CJI„; by alkaline reducing agents, 
into ethylene, C.il,, c.g. by the action of zinc and 
aqueous ammonia on its copper compound (Bor- 
thrlot).— 4. \\\i\\ oxidising agents. Converted by 
, KiMnO, into o.xalic acid, C.H.O,„ with formic and 
carbonic acids as secondary products (Berthelot,« 
’ C.y.\74,35). - 5. Slowlyabsorbed byan ammonia- 
cal cuiiric solution, and for tlio most part oxidised, 
a oarlionaccous substance being at the same time 
deposited, togetlicr with a small quantity of the 
compound C.,Cu.1I.O (Berthelot, A. Ck. [4] 9, 
422).— 6. Passed with phosgene^ COCl^, through a 
red-hot tube, it is polyincrisr*(l to benzene (Bcr- 
tiiolot, PA. [2] 13, 9).—7. With clilonne^ either 
liurc or mixed witli otlier gases, acetylene some¬ 
times detonates, yielding tICl and free carbon. 
Froipi'/ntly, however, CllXI-^is formed with ex¬ 
plosion; or thiscorapoundis formed at first,and 
tlien tlic mix'turo suddenly Explodes (Berthelot, 
Bl. [2] 5, 191).--8. Acetylene passed into bro¬ 
mine under water forms C.Jl^Br^ {v. tetra-Bnouo- 
jriiiAxr,) and anon-volatile solid, a polymerideof 
CJIBi'a. —9. Acetylene passed over ior/hw mois* 
toned with alcohol fcCms C-iLI.^ (Sabanejeff, A. 
178, 109, V. rfi-Iooo-EXjiYLK.vK). —10. Acetylene 
passed into a solution of ICl in IICl forms 
C.IiiCi (Plimpton, C. J. 41,392, v. Cjii.obo-iodo- 
irrn -11. With 7iitrogen. When a aeries 

of si l ong induction-sparks is passed through a 
mixture of acetylene and nitrogen, hydrocyanic 
acid is formed, C.IJ. f N 2 = 2HCN. Carbon and 
liydrogen are at the same time separated, but 
this may bo preventeil by diluting tlie gaseous 
mixture witli 10 vol. H (Berthelot, 0. It 77, 
1011).—12. Passed with waponr ot hydrocffanio 
(u id through a red-hot tube acetylene yields a 
small quantity of picolino CbH;N, and iirobably 
lioniologucs thereof (Kamsay, Ph. M. [ 6 ] 4, 241). 
13. Strongly heated Nvith 5 nf//fea| 0 »and amyUns 
it forma C..H{C^1I„) and CalllC^Hj,) (Prunior, i4. 
Ch. [5], 17, 6).—14. Successive treatment with 
II 3 SO 4 and wiKcr forms some stable sulphonio 
acid (Zeiscl, A. 191, 366).—15. Converted into 
aldehyde by an aqueous solution of niercuric bro¬ 
mide, even in the cold (KuHlbherofi^ B. 14,1540): 

CHiOH -I- H 3 O - CH,:CH.OH » CH,.CHO. 

16. StClj absorbs acetylene forming 
which, on heating, splits up into SbCf| ana 
G 2 H 3 OI 3 .—Oono.HBrAqat 100® forms a littZt 
bromo-etbyleae (vinyl bromideh—ift. flAUft- mx- 
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foi^ aoifl4 lodo-«^|»ylGoe and dtiiyjiddne iodide. 
],0. pAeeed . through boiling sulphur^ it forms 
some thiophene (V. Meyer, B» 10,217C). 

MetalliO-I jfeMVATivKS.—iSodtMW acsty^ 
Une C^HNa, re formed, with q|olution ff hydro¬ 
gen and small quantities of'ethylene and etliane, 
when sodium is gently liAi.tud in acetylene. At 
a dull red heat disodium-acctylcne C..Na;j is 
formed,— .Potassium decomposes acetylene in 
like manner, but with gicatcr violence; when 
melted in tlie gas it takes fire and is converted 
into which is also formed when K is heated 
to dull redness on cthylcno-gas. All these com* 
pounds are decomposed by water with explosive 
violence and reproduction of acetylene (IJcrtlic- 
lot, A. 139,150). 

Calcium-acetylene C.Ca is formed by 
strongly heating an alloy of zinc and calcium 
wiUi charcoal. Decomposed by water into 
Ca(On);, and acetylene (Wohler, A. 121, 220). 

Copper-acetylene CXiiJ-DO. It may bo 
looked upon as C.Cn^aq or as liClC.Cu.Cu.OH; 
in the latter case it may bo called caproso-vinyl 
hydroxide. Berthelot {.4,1,38,315) considers it 
to bo cuproso-vinyl oxide (CJlCu^).X). It con¬ 
stitutes the rod preclpilato formed on passing 
acetylene or coal-gas into an aiuuioniacal solu¬ 
tion of cuprous chloride. In the dry state it <‘x- 
plodes when,struck orwhen heated to 100 '-120'^, 
leaving a velvety black powder containing copper 
and charcoal. Takes lire incontuct with chloi'inc, 
bromine, or finely divided ioiliiic. Its fonmvliou 
affords a very delicate tost for acetylene, the pre¬ 
sence of 0*005 Jiig. of that compoimd being thus 
recognisable. The fovniula al)ove given for it is 
due to Bloohmann (.4. 173, 174). According to 
Berthelot (Bl [2j 5, lOl) when acetylene is passed 
into a cone, solution of cuprous chloride in KCl 
a yellow crystalHu* pp. of cuproso-vinyl chlorkU 
CaHCu,{Cl is formed, corresponding bromides and 
iodides being formed in a similar way.^ 

Silver acetylene CoAgJl/), is formed ^ 
on passing acetylene into an uminoniacal solu- | 
tion of silver nitrate, aa^a wliitc or yellowish I 
precipitate which, when dry, explodes even nioro , 
easily than the copper-compound. Tlie above. 
fovniula, due to lUoolimann, is that of ar geiuo- | 
vinyl hydroxide, ClliC..\g.Ag.01t; ilcrlln b'/t 
on the other hand regards the compound as the , 
corresponding oxide (C^liAg.JO. The formula) 
of Bloclimann and Ccrtlielot require 83*7 and ; 
86*7 p.c. Ag respectively; MiasnikoJT (A. 11><, 
882) finds 88 p.e. Ag in the pp., a result that 
has been confirmed by Plimpton, and agrees wiili 
tho/ormula CaH.2AgX. Acetylene cou 4 >kh!ly 
ppfl. the silver even from a neutral solulion of 
AgNOj; tlie pp. contains variable quanfitirs of 
AgNOj, (Plimpton). The chloride CIPC. Ag.Ag.Cl, 
is prepared ly^assing acetylene into an animo- 
niacal solutionof silver chloride (Bertlielol). By 
agitating silver acetylene with a solution of 
iodine in ether, till the colouis of the liipiid 
disappears and then evaporating, yellow offen¬ 
sive-smelling crystals are formed, the vapour of 
which strongly atta^lfc the eyes (Berend, A. 135, 
257)} Baeyer (B. 18, 2275) has shown that tlioy 
are dl-iodo-acetylene: C.^Ag^ + 21^=0+2AgI. ( 

tChld and Mercury Compotinds,^ln ap am- 
moniacal solution of anrous thiosulpha^, ace- 
i^lene forms a yellow highly exploUve precipi- 
as alkaline Boiutioifof j^tasaio- 


merourio iodide a yellow |ro.; 
which explodes slightly when heated and yidds 
aoetylcne when treated with acids (Bassett, C. N., 
19,28). H.W. 

Theoretical considerations. —The explosive 
character of acetylene is undoubtedly connected 
with the fact that its Urination from 0 and H is 
attended with disappearance of heat (Berthelot). 
It has been suggested by Baeyer (B. Id, 2277) 
that this disappearance of heat may be due to the 
production of a strained condition owing to the 
alteration in the direction of the attraction be¬ 
tween tlie two carbon atoms. 

To represent his views in a mcchanioal model, 
he snjqjo.'ics four steel wires fixed to a ball and 
radiating from it in the direction of the angles 
of an inscribed tetrabedrou. Such a ball repre¬ 
sents a free atom of carbon; union of such 
atoms is represented by a wire of one ball being 
attached to, and in a struiglit lino with, a wire 
of another ball. two such balls be taken and 
three of the wires from cue liall be fastened to 
three of the wires from another ball and then 
bent in .such a w'ay that ail six w'lres are parallel, 
then tlio arrangement is in a strained condition, 
for the wires will readily lly apart, representing 
the explosion of acetylene. The angle between 
two adjacent wires in one of the bails just de¬ 
scribed is 109® 28', wliicli is very near the angle 
of a pentagon (108 ’); lienee if five balls be 
' placed at the angles of a pentagon, very little 
: bending will be required to make a wre from 
! each ball in a .straight lino with a wire from the 
next. Tlie angles of a hf'xagon, of a square, and 
, of an equilateral triangle, tlilTei* by 10^-’, 19^®, 

' and 19'/’respectively from 109.^®; these numbers 
ought therefore to indicate the relative stability 
of rings cojituiniiig 0, 4, and 3 carbon atoms* 
As a matter of fact, closed rings of carbon atoms 
usually contain five or six atoms, while rings 
coiituluing throe, four, or seven atoms are almost 
unknown. 

Haloid derivatives of acetylene v. Bromo-, 
CiiLoiui-, and lono-, acetylene, -ETnYLENB, and 

-ETHANE. 

DIACEffYLEKE HC-C.CiCH. Gas ol pe¬ 
culiar Biuell resembling dipropargyl. Formed 
by heating diacetylejio-di-carboxylio a^d with 
annuoniaeal CuXL solution. With ammoniaeal 
CuXl-i it gives a* violct-red pp., with ammoniaeal 
AgNO'a a Mvy e.vpiosive yellowpp. By theaction 
of a solulion of iodine upon the silver-compound 
di-iodo-di-acetyleiie is formed. (Baeyer, B. 18^ 
2272.) 

ACETYIEKE BI-BEOHIBE v» Bx-bbouo- 

ETHYLENE. 

I ACETYLENE TETEA-BBOHIBE v, Tam- 

DROMO-ETHANE. * „ 

ACETYLENE Bl-BBOMXBE DI-OABBOXT* 

lie ACID V. Dl-BROMO-FUJLVmC ACID. 

ACETYLENE BBOMO-IOBIBK v. Bbomo- 

lODO-ETIITLENE. _ • ♦ 

ACETYLENE CASBOXYXIC SCIBB 
CHiC.OO^. • 

Acetylene mono-carboxylio acid v. FBofiouM 

ACID. 

AcMylenc-di^carboxylic aci^ 

C,II,0.- »A. CO^.Ci0T!O^ 

Formed by treating di-bromo- or iso-di-bron*' 
euccinio aoid with alcoholia KOH (4 m^.) M 





** AOEmsi®^ OABBOaETliO 

100* (Baa^wU, S. 10, 838). The yield is 75 
per cent, ol the theoretical {Baeyer, B. 18, 677). 
th in Efflorescent ciystale, 

«d^ tables. The hydrated acid is v. e. sol. 

•« loss 

soluble. The acid decomposes when molted. 

Knnn —NajC.O, S^aq.: slender needles.— 
f«rnil “'ystals, si. sol. water.- 

r - CuC, 0 , 3 aq.: blue 

2212 ) ’ * ’ (Bandrowski, B. 12 , 

aro'^^^’T j“k' salts 

are converted, by healing with water, into pro- 

piohc acid: CO,H.C=C.CO,H = CO,H.CiCH + CO,. 

«nM reduces it to snccinio 

acid.—3. Bromine combines forming di-bromo- 

o™Z®M-~^-K^“’™^’"HIcombineread7y 
fonmng ohloro-, bromo-, or iodo-, fumaric acids. 

f e^yl ether Mejl". ( 197 °). Colourless 
hqnid (Bandrowski, B. 15, 2694). 

tetra-carboxylic acid, so called, v. 

ETMNS TETBA-CAUBOmiC ACID. 

• dl-carboxylio acid C.HOan 

» .ooMentrated aqueous solution of 
^tassio femoyamde upon a cooled magma ol 
sodium propiolato: 

Colourte^w’ - =.. 2 ^iaQ + (giC.CO^a), 

13 w needles or tables, T. sol. water, alcoaoi, 

„r ether, v. si. sol. benzene or benzoline. Tarns 
brown at 100 ° and explodes very violently at 
s. 177°. Explodes also on percussion. Turned 
purple by light. Gives a brownish-red pp. with 
ammoniacal cuprous chloride. 

Beaetions. — 1 . Bodtum-ainalgam reduces it to 
bydro-muconic acid, 

COjH.CH;CH.CH 5 .CHj.COjH, 


ACEmmHyi>BocHioaiDE«.OBi(>M. 

XtHTLSKR —v«*v 

ACmiEHE DI-HYDBOCHLOEIBB t». d<. 

CBXOBO-ETHAIfB. | 

AexSvS. ^ 


and adipic acid, CO.,n.CHj.CIf ,.CH..CII,..CO.,H; 
some propionic is formed at the same time.— 
2. Zine dust and HCI also reduce it to adipic acid. 

Ether. —Et^A" (184°) at 200 mm. An oil. 
Beduced by zinc dust and HCI to ethyl pro- 
piolate (Baeyer, B. 18, 678. 2269). 

Tetra-acetylene di-carboxylic acid 
0,^0,4.e. CO,H.CiO.CiC.C;C.C:C.CO.n. 

Prmcration .—An aqueous solution of the 
acid sodium salt of di-acetylene di-carboxylic acid 
is heated on the water-bath. Sodium di-accty- 
lene mono-oarboxylate, H.CiC.ClC.COjNa, is then 
formed, with evolution of CO,; the cuprous com¬ 
pound of this salt, Ca.C:C.C:C.C 02 Na (?), is then 
prepared and this is oxidised by potassio ferri- 
cyanide: 

SCnCiaC!O.CO^a-tO.=5CaO-t(C:C.CiC.CO,Na), 
^aeyer, B. 18, 2271]^ Tetra-acetylone di-car- 
boxylic acid may be reduced to sebacic acid, 

CO,H.OH,.Cn,,CH,.CH,.On..Cn,.OH,.OH,CO.H, 
by sodium-amalgam. 

Iodo4S<tylene carboxylic acid v. Iodo-pbo- 
xiom o vcgi. 

ACETTIEinE DI-CHIOBIDE v. t>i •CnLOBO* 
XTHTLEHB. ^ 

AOKTYLEirB TETBA-CHLOBIDE tJ. Tetba- 

OHLO BO»gTHA KE. 

AOEmtEKE OBXOIlO*BBiO]IIDE v> OuiiOBo* 

BBOMO-BTBJLBNir!' 

ACBTnJIVS OELOBO-ZODIBE p, Oblobo- 
ioM-i|prruupu 


ACEmEWE-USEA C,H.NA 
.NH.CH.NH. 

eon^^Tipi needles when 

cone. HCI is added to a solution of glyoxal (1 pt) 
and urea (2 pts.) and water (8 pts.). If the fil- 
trato 13 evaporated, it deposits a yellow modifi. 
cation or impure form (Schiff, A. 189, 157 • 
Bottinger, B 11,1787). A)so formed by heating 
a mixture ol tri-chloro-Iactio acid, urea, and a 
little water at 100° (Pinner, B. 17,1997). Formed 
when allantoin is reduced with (1 p. 0 .) sodium- 
amalgam (Reineck, A. 131,119; Widman,B.19, 

White glistening prisms, sol. hot 
®‘''®®'‘wh‘‘oflo':°ulcnt Pp.withng(NO,),,. 
Split up by boiling baryta ivater into urea and 
hydantoic acid-C.II,.\g,N, 0 ,. . 

ACETYh-ETHYL-PBOPIONIC ACID v. Ace- 
tyl-valebic acid. 

«.ACEm.8.EIHYL.SUCC,IlfIC. ETHEE 
*;®t„9.9,;®'.CHAc.CHF.t.COjEt (203°) 


S. G. r,.., A oh4. From aceto-acctio ether (68 g.), 
alcohol (120 g.), sodium (12 g.) and o-bromo- 
butyrio ether (102 g.) (L. T. Tliorne, C. 3. 39, 
336 ; S. Young, C. J. 43, 172). 

iicactions.—1. Decomposed by potash (2 pts.) 
and water (1 pt.) into acetic and ethyl-succinic 
acid.—2. Decomposed by potash (1 pt.) and 
water (20 pts.) into salts of (JO... and 8 -acebyI-a. 
cth,vl-propionic acid (e. Acetyl-valebio acid).— 
3. With NaOEt and Mol it gives o-acetyl-a-methyl- 
8 -cthyl-succiniccther(j. d.)— 4. Theother(3 pts.) 
boiled with cone. HCI (2 pts.) and water (4 pts.) 
for 2 days forms 8 -acctyl-a-ethyI-propionio acid, 
which may be extraetdS by ether, and a crystal¬ 
line acid, Ketolactonic acid (q. v.) which re¬ 
mains in the water. Ethyl-succinic acid is also 
formed.—. 6 . When heated, it partly splits up 
into alcohol and ketolactonic acid. 

a - ACETYX - a - ETHYL - SHCCINIC ETHEB 
0 ,.,IL ,03 i.e. CO.Et.CAcEt.CH.,.CO.,Et (264°). 
From sodium acetyl-succinic ether and EtI 
(Huggenberg, A. 192,146). Cone, alcoholic KOH 
converts it into ethy'-succinic acid. 

DI-ACETYL-FDMABIC EIHEE C,..^[„0, 
i.c. CO,Et.CAc;CAc.CO.,Et [96°]. Formed* bjr 
the action of iodine (1 mol.) upon di-sodio-di- 
acetyl-succinic ether (1 mol.) suspended in ether: 

CO,Et.CNaAc.CNaAo.CO^t -t I,- 
CO-Et.CAc;CAo.CO»Et +«lf al. 

Long silky needles (Just, B. 18, 2636). 

o-ACETYL-OLUTAEIC ETHEB 0„H„0, i.e. 
COsEt.CHAc.C#rCH,CO,Et (272°) S.G. 
I'OSOS. From aceto-acetic ether, B-iodo-propionic 
ether, benzene, and sodiuts^Wisliqpnus a. Lim- 
pach, A. 192,130). Cone, alcoholic KOH splits 
lit into acetic and glutaric acids. Boiling EOl 
'forms CO, and y-acetyl-butyric acid. • 

E-Aetyl-glntario acid OHAe(OH,.CO,^- 
(109°). Fosmed by heating a-carboz^-B-acetyf- 
glutaric acid (from ohloto-aceiyl-propmnio ether 
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wdioaio-milonlorfher) (Oontad#. Gnthzeit, B. 
I9,44).-A«A'. 

Di-aoetyl-glntario ether C,,H«0. ».«. 

COjE^HAo.CHAo.C^.CO,Et or 
COjEt.OHAo.OHj.CO.CmCHjCOiEt. 

(o. 245) at 140 mm. From oromo-acotyl-peo- 
l,ionioeth8r,CH,.CO.CHB».CHj.C02Etandsodio- 
aoeto-aoetio other (Knorr, B. 19, 47). Ammonia 
in HOAo oonvertB it into di-methyl-pyrryl-aoetio 
oarboaylio ether 

CMe:C.CH.,.CO„Et 

CMo:C.COsEt 

ACETYXi-GLYCOCOLL V. AcETonrc acid. 

ACXIYIIDE V , Acetyl ciiloeide, Reaction 11. 

ACETYL IODIDE CjILOI or Acl (108°) 
(0.)! (105°) (C.). S.G. 111-98(0.). Prepared 
by the action ol P and I upon acetic anhydride 
(Guthrie, P. M. [4] (1857) 14,18.'l) or on KOAc 
(Cahours (1857) C. R. 44,1253). Also by heating 
acetyl chloride with Cal.3|aq at 75°. The water 
oi crystallisation has Uttle saponifying effect 
(Spindler, A. 231, 272). 

Properties.—Liquid. Fumes in air; pungent 
smell; sour taste. Water quickly forms Ill and 
HOAo; alcohol forms EtOAc. Decomposed by 
zinc or sodium at 15°, and by mercury in sun¬ 
shine, forming Hgl (G.). II. W. 

ACETYL-MALONIC ETHEE C„II,,0, i.e. 
CII,.CO.CII(CO.,I';t), (239°-2l5°) .S.G. 1-080. 

From aceto-acctio ether, alcoholic NaOEt and 
ClCOaEt. (Ehrlich, B.7, 892; Conrad, A. 211, 3.5). 
Aqueous NaOn decomposes it into acetone, CO-, 
alcohol, and acetic acid. 

ACETYL-METHYL-ACETO-ACEIIC ETHEE 
V. Ace-to-acetic acid. 

ACEIYL-TETEA-METHYLENE v. Ti.Tr.A- 

UETnVLEEE MEinVL KETONE. 

iftETYL-IETaA-METHYLENE CAEBOXY- 
Lie ACID, 80 called, V . AcETYi.-Uu'rvL Alcohol. 

ACETYL-TEI-METHYLENE v. (j i-METiiiL- 

ENE METHYL KE’rONE. 

a-ACETYL-a-MEIHYL-B-ETHYL - SDCCINIO 
ETHEE . 

C„ILA «■ CIl,.CO.Cl"!{CO.,Et).CllEt.CO.,Et. 
From a-acetyl-B-ethyl-snccinic ether, NaOEt and 
Mel (S. Young, C. J. -i;), 178). Hoiled with dilute 
HCl it forms a y-oxy-octoio acid (j. ».) and 
methyl-ethyl-succinic acid. 

ACETYL-METHYL-TEI-METHYLENE CAE- 
BOXYLIC ACID u. proiiylcne-aceto-acctic acid 
under Ace-i-o-achtic acid. 

a-ACETYL-a-METHYL-GLUTAEIO ACID 
0,jH-„O,i.e.C0.Et.CiMcAc.CH..CH...C0d-'.t.(281°); 
S.(i. fy.j 1-043. From B-iodo-jn-opionic ether 
and sodium methyl-accto-acetic ether(Wisliceinis 
a. liimpaoh, A. 192,133). With cone, alcoholic 
KOH it gives acetic and o-mcthyl-glntaric acids. 

ACETYL-JIETHYL-PYEOTAETAEIC ETHEE 
e. Acbtyl-di.>1Ithvl-soccixic ethkii. 

a-ACETYL-a-METHYL-SDCCINIC ETHEE 
C„H,A»-«. CO.,Et.CMoAc.CH,;410.,Et (o. 203°) 
S.G. 1-067. From sodium acetyl-succinic ether 
and Mel (Kressner, A, 192,135). Decomposed 
by cone, alcoholic liiiP with formation of acetic 
and pyro-lartario acids. Baryta-water or 1101 
produce CO, and B-acetyl-butyric acid (j. a.). . 

• a-Acetyl-B-methyl-succinic ether * 

CO,Et.CMeH.CAoH.CO.,,Et (c. 258°) (C.); #. 203°) 
(Gottstein, A. 216, 31); (o. 227°)ttt 165 mm. 
(Bisehoa, A. 206,320). S.G. ||.,i-061. Formed 


by action of a-bromo-propionic ether on sodium 
aceto-aoetio ether (Conrad, A. 188, 220). De¬ 
composed by oone.eKOH into alcohol, pyro- 
tartaric acid, acetic acid, CO„ and B-aeetyl .iso- 
butyric acid; baryta-water (8 p.o.), or HCl, 
produce only CO, and B-acetyl-iso-butyric acid. 

a-Acetyl-o-^di-methyl-sneeinic Ether 
OijHajOj U, CO^t.CteAc.CHMe.COjEt (270®- 
272®) S.G. If., 1*057. Formed from a-acetjl*/)* 
methyl-succinic ether, sodium, and Mel (Hardt- 
mutb, A. 192, 142). Boiling cono. alooholio 
KOH converts it into acetic and a-3-di-meihyl- 
Buccinic acids. 

ACETYL OXIDE and Peroxide v. Acetic 

OXIDE. 

ACETYL-OXY-COMFODNDS v. Oxt-coh. 

POUNDS. 

ACETTL-PHEKYLENE-DIAMINE PHBNt. 

LEN15-DI-AMINE. 

5-ACETYL-a-PHENYL-PROPIONIC ACID 

C„H,A CO,H.CHrh.CH,Ac. Benzyls 
tonn-y-carboxylic acul, [12G®]. Prepared by 
boiling the ethers of acetyl-plienyl-Buccinic acid 
with baryta-water or dilute IlCI. Plates. V.soL 
alcolml or ether. On reduction with sodium* 
amalgam it gives tire lactone of Y-oxy-a-phenyl* 
valeric acid, CU 3 .CH( 0 H).CH„.CHPh.C 08 H. 

Salts. —*A'oZn: long white needles.—*AgA': 
white pp.—*CuA',: green; insol. water, sol, 
alcohol.— *CuA'., and ’‘BaA'j are easily soluble 
(Wcllnov, b. 17,72). 

ACETYL-PHENYL-SUCCINIC ACID C,aH„0, 
Le. CO,ll.CIlPh.CllAc.CO.,II. [121®J. Formed 
by saponitication of the di-ethyl-ether, which is 
prepared by the action of phenyl-bromo-aoetio 
ether on sodio-acct-acetic ether. Largo plates. 
(Wcltner, B. 17, 71.) When boiled with ^lute 
liydrochloric acid or baryta water, it splits 
off CO^, giving acetyl-phoiiyl-propionio acid, 
C«nj.CII(CO.,H).CIl2.CO.C^. 

—A^'E^ easily soluble glistening needles. 

(ayMono-etUyUether ♦.«, 

COJvt.CIlPh.CIIAc.COJI. [133®], Formed to¬ 
gether with the di-ethyl ether by the action o! 
pheiiyl-brom-acetic ether upon sodio-acoto-aoetio 
etljcr. On heating, it evolves CO.^, givingphenyl- 
levulic etber (Weltner, B. 18, 790). 

{$)-MonO‘Cthyl-elher Ci^Hj^Oj t.s. 
CO,H.CHPh.CHAc.CO,Et. [128®]. Wliitepearly 
plates; easily soluble in alcohol and ether. 
Formed by the action of sodium phenyl-bromo- 
acetate upon sodio-aceto-acetic ether. By heat¬ 
ing to 200® CO^ is not split off. Boilea with 
baryta, it yields phcnyl-levulic acid. It is re¬ 
duced by sodium aiiialgain to a-phenyl-valero- 
7-lactoue-y3-carboxylic acid: 

CHPh.C0.0 

CH(CO,Ii)iH.CH,. 

With alcoholic Nil, it yichls 

I’licnyl-hydmzidc C.„1L«N.,0, [149°], plates. 

J)i-ethyl-elher A"El- f76°], plates. 

DI-ACETYL-PHOSPHOEIC ACID^ Q,H,PO, 
i.e. HgAoDOj. A viscid liquid,Aarmed by the 
action of AcCl on Ag,l’0, (Cariu. a. KSmmerer, 
A. 131,170). Boiling water decomposes it into 
acetic and ortho-phosphoric acids. It forms 
a caluom salt, CEGIAc^Os2aq, crystalliBiiig in 
needles. • 

ACETYL-PIPEE - PBOPYL • AlOEQIB ». 
OXYTSOnb-nfELIDlIlI. 





A(aEm.PMPIOKIC Acnw 
: »K&Mt]rl-pi«pioiiio Aoid CHrOHAc.CDiH, v. 
Alethyl-aceto-aaiticacid aJSer Aoeio-acexio icxb. 

jS-AeetrUpnpionis Acid 
CH,.CO.CHj.CHj.COaH. Levitlic acid. [88-5°]. 
(28!}'’). S.G. IS 1-136. Mu l-d43 at 15°. Ka; 45-3. 

Formation. — 1. By rboiliiig* acetyl-succinic 
ether with dilute HCl (Conrad, B. 11, 2177). 
2. By boiling the following substances with vciy 
dilute HjSO,: Levuloso, inulin, cane sugar 
(Grote a. Tollens, A. 17.5, ISl), gum nvabic, or 
caraghecn moss (Benle, B. !), 1157). I'iltcr 
paper and deal shavings give a small quantity. 
Small quantities may also bo got from gincose, 
milk-sugar, and galactose, by heating with 
aqueous HCl, 

Jb’cpnrah’on.—Cane-sugar (IvOOg.) is liiali'd 
lor 20 hours with water (loOOg.) and HBO, 
(160 g.), with occasional slmliing. A large quan¬ 
tity of humic substance separalcs. The Ibict.' 
liquid is filtered under pressure, mixed with 
CaCOj (150g.), and tlin whole evaporated (till it 
weighs 1500 g.). The liquid is a,'tain filtered, 
mixed with IH.SO, (50 g.) and slialieii with (dher. 
After evaporating the ether, the leviilic acid 
(100 g.) is rectified (Grote, Kehrer a. Tollens, .1. 
200, 210). If glucose be used. I ho yield is not 
BO good, and it is tI»on boUcr U) use JfCI (r. ; 
Conrad a. Guthzoit, jS, 18, 11*1). Formic acid j 
Is also formed in these reacliojis : j 

Cjr,.,0^= CJlsO,-i C'-i+ IT/). I 

Pro^JCrtics.—Deliiinoscoiit Irimetric yliitos. | 
V. sol. water, alcohol or etlicr. di.-^tillalion j 
itproducc.s (a)- and (/^l-angctjco laclono, iuulalh.o ; 
acetic acid, and another acid )>o,-i.dbly | 


#B anhydride. SodUm-anuig<mMtie^iitisi*-v- 
di-oxy-tt-pentane, OH,.CH(OH).OH,.CH,.OH,OH 
(Perkin inn. a. Freer, B. 19, 2560). 

AOETYt-PTrEO-PHOSPHOtKi ACID. 

Til'barium lalt, BaHAoP.p,2aq, is got as • 
orystalUno pp., si. sph dilute acids, by adding 
aijueous hydrogen peroxide to a solution of 
barium aeetyl-pyrophosphite (MenschutkiH, A, 
136, 2.54). 

ACETYL - PTBO - PHOSPHOEOUS ACID, 
AcH,,P.,0,2aq, is got by heating AcCl with IIjPO, 
at 6li° (Jleiischutkin, A. 133, 317). Crystalline 
mass. 

iS’nf/s.— K JIAcr.,Oi21.aq: slightly sol. water. 
BallAclhOj; imsol. water.-rbllAol^Oj: insol. 
water. 

ACETYL-PYEO-TAKIAEIC ACID v. AcEixir 
.iinTHvr. snccixic .vein. 

ACEIYL-PYEEOL v. Pvunun. 

Psoudo-acetyl-pyrrol v. I'viir.vi. HEinxr, 

KETONK. 

ACETYL-SDCCINIC ETHEB C,„H,„0. iai. 
CO.Ht.CIIAc.ClL.COjEt. (c. 2.5.5°); (21U° i. V.) 

. at :t:i0 mm. H.G. (1.., l-07;i; J'i MXSS; I-;: 1-OSO. 
i M.M. 10'313 (I’erkin, G. J. -15, .517). Forinod 
! by action of cliloro-acctic ctlier upon sodium. 
' acoto-aootic etlier (Conrad, A. ISS, 218). Oil. 
Sol. alcohol or ether, (rives no colour witli 
J 'o..Ci,;. (tone, alcoholic Ktlll s[ilits it into acetic 
and succinic acids; boiling baryta.water forms 
j8-aeel \ i-propionic ether and CO... 

Bhen;il-h!idra.nd,-. C„,il,.,N..O,. [80°]. At 
150’ it sjiiitsotl' KtOII and gives mothyl-oxy-qui. 
nizyUaei-tie etlier (Knurr a. itlaiik, B. 17, 2051), 

Di-aceto-succinio Ether C,jII|jOj t.a 


[20.8°] (Wolff, A. 220, 200). Kot attacked liy 
bromine in the cold. 

BcacHons.—l. Chromic mixture produees 
CO., and acetic acid.—2. Dilute UNO,, gives 
succinic, oxalic, aeelie, ami liv.li'uevaiiie acids 
(Tollens, B. 12,33-1; A. ‘Jt.iil, 257.).—3. Iteduee 1, 
by P and HIAq at 150'-2o'i’, or by sodiiini- 
amalgam in acid solntion. to ii-valerio aeid.— 
4. In alkaline solntion x.rliiim. arud.j.uu pro- 
dnees y-oxy-valeric, acid (g. r.). -5. Gives tlie 
iodoform reaction with Natill and T.—6. jteaets 
with hydroxylainine,foriiiiiig an oxBii. 

Snffs.—CnA'.,2.aq : miinile needli,-. -A.".\'; 
six-sidbd tables.—NaA'; mimite needles.—GuA'„ 
(at 150°): bluish-green flat needles or iirisma. 
Barium, magnesium, and eadiuimn salts arc 
gummy. 

Kthers.-Uek'. (191-.5°). S.G. [[lO'Wl. 
1-4216IH 15°.l(*52-2. - MIA'. |2llil-5q (G.K.a.T.) 
(204°) (W.). S.G. g 1-032.5. m„M 21. It, i;0'2. 
—PrA'. (215-5°). S.G. g 1-0103. Mu 

09-6. 

Awijdc.—C,,H,0.^’H,. [)08’J. I'lom etliyl 
levulate and alcoholic KH, or from (a)-angelico- 
lactoiie {q. u.) and aqueous or aleoliulic annno- 
cio. Six-sided tallies (from alcoliol-chlorolorm, 
Wolff, A. 220, 260). 

Be/ft-citc^j.-Scc also Bitojio- and Ciilouo- 

itSETVIi-rilOWONIC ACIliR. 

ACETYL-PEOPYL ALCOHOL CJI.A «-«- 
.CH,.CO.CH.,.CH..,.CH,OH. Ucihyl y-orj/.prop/yf 
ketone. A colourlcs.s liquid, soluble in waten 
formed by boding bromo-ctnyl accto-acetic ether 
BrCH,,Cfl,.CHAe.CO.,Et with dilute HCl. It 
tearlily reduces ainmoniacal AgN(),Aq but not 
Fejjgiog’s solution. It is converted by heat into 


I CO,T':t.CHAc.CiiAc.C()J-;t. [79°). 

I Sodium aeetaeetic etlier i.s treated in ethereal 
I solution witli iodine (liiiglieiiner. If. 7, 892): 

■.’C(i,Kt.(mNa.(:o.i;ii.,.ii.=(fl'iqKt.i;iiAe).+rXiii. 

, 'Tlic etliylic di-aeeto-succiiiate eiyst.alliscs from 
, the ether (Il.arrow, C. J. 33, 127). It forms tri- 
; metric tallies, v. e. sol. aleolnd, ether, or benzene, 

I lU'iuJion.—l. Boiled witli dilute H^SO, 

■ (1 : 10) it gives oil (g|0., and torm.s pyro-trilario 
I or uvie e.lher C,,ll,.;Uj and earho-pyro-tritaria 
; ether CJt.O;,Mt.--2. Jbid.ro.rijlamiiie forms a di. 

\ oxiiii (needles; Muncliiiieyci', B. 10, LSIO), and 
' a iieutiiil etlier C,,ll|,NO, (Knorr, B. 18,1568).— 
3. A}iii)h>iiia foriiis di-iiielhyl-pyrrol di-carboxy- 
lie etlier C,IlJle..>;(Gl) Kt), or 

.C-AIeiC.COjEt 

NH < I 

NCJIoiC.COjEt. 

! riimavy liases act in a similar manner, thui 
mcthyianiinc forms • 

.Cire:C.CO.,Et 
NJIo < I 

\cMo:C.CO,,Et 

(Knnrr, B. 18, 299). 4. '^ti^nyl-hydraeim 

acts in a similar way: C|,H|,0, + N,jU,C„H,- 
C„1 X....N ,0, + 2H.,0. Tlio now oomiiound, which 
d-<I'h.CJle;C.COdit 
may he ! I 

Nil .CMe:C.CO,,Et 

iacalled phonyl-di-motl'«4»pyri(la*ine di-carboxy- 
lic etlier. It contains H.,0 less than the mono- 
plienyl-liydrazido of di-aoetyl-sncoinio ether, 
CO ,Et.CII(CMo;N.l>liH).CHAo.CO,Et (Know, B. 
17,'5058; 18, 305). It crystallises ii^prisniB, 
[127°] (fr8m benzoline). Bee also PnEUXL-uv 

UMisaxE. * 
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U-aetlyl tvl^Hide, Thio-<feem anhydride (120°). 

Reparation.—1, From Ao,0 and P^S, (Ko- 
knl4, A. 90, 8Ui)f Field 10 p.o.—.9. From AcCl 
Ud K,S.—8. By distilling Pb^o. • 

Properties.—An oil, slowly decomposed by 
water into HOAo and HS#o. 

Di-aoetyl Di-inlphide 0|H,iO.,8i or Ac^H, [21°]. 

Formation.—1. From KSAo and I (Keknib 
a. Ijinnemann, A. 123, 279). - 2. From BaO,, and 
Ao,8 in ethereal solution (Beckmann, ,h pr. 12.7, 
465): OAOjS + BaOj = Ac,S, + Ba(OAc),,.-3. By 
electrolysis ol tliio-acetic acid (Biingn, B. 3,297). 

Propcrlics.—Crystalline. Insol. water, v. sol. 
alcohol or CSj. Decomposed by warm water or 
by alkalis forming thio-acctic acid and sulphur. 
Decomposed by distillation. 

ACETYL STJLPHOCYANIDE C,TI.,NSO or 
CH,.CO.S.Cy. (133°). S.G. I'l.',!. From 
AcCl and lead sulphocynnido (Miquel, A.Ch. (5] 
11, 295). Pungent liquid. Decomposed by water 
into HOAc and HSCN. Forms with NH, in 
ethereal solution a non-volatilc liquid which dis¬ 
solves in water and gives a red colour with Fe..Clg. 

ACETYL-THIO-UKEA v. T)iio-DttEA. 

ACETYL-TOLYLENE-DI-AMINE v. Tolv- 
UCNE-DI-AMINE. 

ACETYL-FEEA o. UnuA. 

ACETYL-VAIEKIC ACID C,H,.,0,. 

n-Acetyl-)t-valerio Acid v. n-propyl-aceto- 
acetic acid under Aceto-acutic acid. 

a-Acetyl-s-MO-valeric Acid v. iso-prnpyl-aceto- 
acetic acid under Acf.to-acktio acid. 

■ a-Acetyl-it-iso-valeric Acid v. victhyt-eihijl- 
aceto-acetic aoid under Aceto-acutic acid. 

D-Aeetyl-tt-iso-valerio Acid 

CH..Ac.CnEt.CO.,H. 

(250°^62°). Got by boiling c-acetyl-C-ethyl- 
Buccinic ether (q. t2) with dilute KOTI (Thorne, ; 
C.J. 39, 340). Liquid, miseihle with water, al- i 
cohol, and ether. Turns brown in air. It is 
gradually decomposed by heat into H.O and an 
oil C,H„0, (219°). S.G. 1 0221. 

Reaction.—HNOj oxidi*es it to cthyl-succmic 
aoid. 

Sniks.—Gummy, soluble in water. 

Biker.—EtA'(224°-22G°). Lightcrthan water. 

ACHILLEA.—The Iva plant (A. Moechahi) 
has been chemically exanii.ied by v. I’lanta- i 
Boichenau (A. 155,145), who has extracted from ! 
it the following substances: 1. I vain C._,,H,.. 05 , 
obtained by distilling the dried herb (treed from | 
the roots) with water to remove volatile oil, e.v- 
hausting the dried residue with absolute alco- [ 
hoi,•precipitating with lead acetate, rcinoving 
excess of lead with 14.,8, and exhausting the 
evaporated residue with acetic acid to remove 
achillciu and mosohatin. Ivain then remains 
as a dark yoljow resinous mass, insoluble in 
water, easily soluble in alcohol, yielding an 
intensely bitter solution. — 2. Achillcln 
0«H„N,0„and Mosohatin NO, are ob¬ 
tained by distilling the herb, gathered before 
flowering,with water, exhausting the conoentrated 
filtrate with absolute «lsohol, evaporating off the 
aloohol and kdding water, which throws down 
mosohatin; and on treating the liquid filtered, 
thefefrom with Pb(OH)j, again filtering, remov¬ 
ing lai^ with H,S, and evaporating, Aemllein 
remains as a brown-red mass, verf soluble in 
water, leu readily in aloohol, insollible in ether; 


very bitter; not preeipitated by lead salts. Re¬ 
solved by prolonged boiling with dilute sulplmria 
aoid into sugar andeachilletin 0„H„NO„ a 
dark-brown powder, insoluble in water, very 
slightly soluble in aloohol; not bitter. Mos- 
ehatin C,|Hj,NO, is pulverulent, nearly in¬ 
soluble in wat^, som^hat soluble in absolute 
alcohol; tastes bitter. 

A. Ageratum, growing in Italy and Provence, 
yields an essential oil boiling at 185°-182°; 
sp. gr. 0'849 at 14° (Do Luca, J. Ph. [4] 18,106). 

H. W. 

ACHEOO-DEXTRIN r. Dextuih and Starch. 

ACIDIMETEY. The estimation of acids by 
volumetric methods. V. Ahadysis. 

ACID-FOEMINO OXIDES. Same as Anht- 

DniDKS (q. D.). 

ACIDS_ Salts of hydrogen. The word acid 

' (rtc, sharp; accre, to be sour; compare (icc<!»», 
vinegar, o(6s, 8Ji>s) was originally loosely applied 
; to all sour liipiids. The term cannot now be ao- 
eurately defined ; but it may be slated generally 
that an acid is a compound of hydrogen, which, 
i when mixed with, or dissolved in, water, is capable 
of exehangiug the whole, or a portion, of the hy¬ 
drogen it contains for a metal, with simultaneous' 
formation of water, bj' the action on the aqueous 
solution of tho aoid of a metallic oxide orhy- 
droxido. 

History. —The coiTosivc action of acids, and 
their power of dissolving metals and other sub¬ 
stances have been known from early times. 
Thus Gobor, who lived during the eighth cen¬ 
tury, was acquainted with impure nitric and 
sulphuric acids, and described them under the 
name aquoi dissohttivr. Paracelsus (16th cen¬ 
tury), from whom the school of latro-chemists 
sprang, held that the human body in health 
consisted of certain acid and alkaline principles 
which balanced each other, ami that disease was 
duo to a preponderance of one or other of these 
principles. Ho was the first to propound a theory 
to account for tho properties common to all 
acids; he supposed that they all contained an 
acid principle, which conferred taste and solu¬ 
bility on all substances into which it entered. 
This theof^ was accepted by Becher (17th cMi- 
tury), who named the acid principle acidnm 
priiiiogentimi ; and he added that it consisted of 
a compound of earth and water, both of which 
he believed to be elements. The distinctive pro¬ 
perties of acids:—their solvent power, their 
power of changing tho colour of certain vege- 
tahlo tinctures, and the fact that they form 
neutral bodies with alkalis;—were catalogued 
by Boyle (17th century). Stahl, in 1723, adopted 
Bccher’s theory, and endeavoured to prove that 
while acids were Ihobascs of all saline bodies, the 
principle of all acids was sfllphnrie acid. Stahl’s 
view continued to find supporters lor a long 
time, but its defects were at length porceivod. 
Many of tho supporters of the phlogistic theo^ 
held that inorganic acids, such^as sulphuric 
and phosphoric acids, were simple substances; 
and that by their combinations wnh phlogiston 
they gave rise to bodies such as sulphur and 
phosphorus, which were then regarded as com¬ 
pounds, but which wo now knowJo bo elements. 
After the discovery of oxygen by PrijStley and 
Soheele, Lavoisier, in naming that element from 
i(is (acid) and ytryia (I produce), genei|)i8ed 
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facts disoorered by Him, that many acid 
bodies are produced by the union of *comba3> 
tibles* with oxygen; and although it was pointed 
out bj Berthollet in 1789 that aulphydi’io and 
prusuo acids contain no oxygen, the Yiew of 
Lavoisier generally prevailed until the researches 
of Davy, and of Gay<Lussao and Thenard, on 
muriatic and oxymurifttic acius (hydrochloric 
acid and chlorine) in 1810, and the discovery 
and examination of hydriodic acid, and tiio in* 
vestigation of prussic acid by Gay*Lussac in 
1814 and 1815, compelled chemists to recognise 
the existence of true acids containing no oxy* 
gen, and led to a distinction being drawn between 
acids which contained oxygen, and those which 
did not. 

Lavoisier also regarded acids as binary oxy¬ 
genated compounds; and he supposed that tho 
water which must bo present in order that an 
acid shall react on other bodies merely played 
the part of a solvent. This view was supported 
and extended by Berxelius, who taught that 
certain oxides arc capable of uniting with each 
other to form ‘ ternary ’ conipoun<ls or salts, and 
that these salts are decomposed by electrolysis 
into their ‘ binary ’ constituents, which are an 
acid and a base. Berzelius therefore applied 
the term electronegative to that oxide which ap¬ 
peared at the positive electrode on electrolysis of 
a salt, and the term eloctroijositivc to that oxide 
which separated at the negative electrode. Tiie 
negative oxides he classed as acids, and the 
positive oxides as bases. This theory ignored 
the fact that water is associated with these 
oxides in their various reactions; and, more¬ 
over, it overlooked tho evident analogy between 
acids containing oxygen and acids containing 
no oxygen, but formed by the union of the 
halogens, or haloid groups, with hydrogen. . To 
restore this analogy, Davy proposed to abandon 
the old view that acids were compounds of 
certain elements with oxygen, and suggested 
that all acids, whether they contained oxygon or 
not, should be considered ns compounds of 
hydrogen. Dulong supported Davy’s view, and 
extended it; he regarded ncids as compounds of 
hydrogen with elements such as/)!, I, >S; or 
with radicles such as CN, NO^, SO,. As it was 
at th^ time supposed that such radicles wore 
capable of separate existence, and as Dulong’s 
hypothesis involved the creation of a largo num¬ 
ber of hypothetical substances, this hypothesis 
did not meet with general support. It was re¬ 
served for Oerhardt, led by a study of organic 
substances, to prove that most acids, when 
vaporised, do not separate into an oxide and 
water, but pass into the state of vapour us a 
whole. From this it followed that hydrogen, 
**epluceable by mctc^, must be a constituent of 
all true acids. 

CflAKXCTEiaSTIC FEATOnEB OF ACIDS. —BodicS 

possessing properties corresponding with the 
definition of an acid given at the beginning of 
this article blways contain hydrogen in intimate 
combinatior^with one or more of the following 
Aments; fluorine, ehloiinc, bromine, iodine, 
oxygen, sulphur, selenion, tellurium, or certain 
groups of elements [c.g. cyano:;cn) of whiclF 
sarbon is oA (comp. Acids, Okoanic, p, 63). i 
It is trU% that water is not accounted an acid, ; 
lor If it usual to include hydrogen dioxide i 


among the acids; yet II ^ definition of add 
were striotljr applied hydrogen dioxide would 
find a place in this class, for it has an aeidO 
reaction with test paper, and on addition, for , 
example, of ba^um hydroxide to a solution of ^ 
it in water, the reaction characteristic of acids 
takes place• 

Ba(0H),,8H,0 + => BaOj-SH^O -i- QH^O. 

Again, the reactions of hydrogen sulphide, selen- 
ide, and tellurido, with alkalis, would lead to 
their inclusion among acids. The name acid 
must also be applied to most compounds of hy¬ 
drogen and one of tho elements above mentioned 
with a tliird element. The following examples 
will illustrate the definition given :->< 

Simple. OompoaQii 

m. HBF,=HF.BF,. 

HCI. H,,PtCl«-2HCl.PtCI,. 

HCN. H;Fe(CN),« 4IICN.Fe(0N), 

(H,0.) H.SO,=H,O.SO,. 

H,S. H;CS, = a,S.CSa. 

^C. 4&C. 

Such bodies as H^ZnOj (Zn(OH)a), and 
HgAlOa (AUOH),), may bo cla.ssed either among 
acids or basic hydroxides, inasmuch as they 
possess the characteristics of both classes. ^ 
Among tho compounds of carbon tho acids 
form an important class. The formulffi of these 
compounds may bo supposed to be derived from 
tho formula either of formic acid, or of carbonic 
acid. If forniio acid bo taken as the type, then 
most acids containing carbon may be viewed as 
substituted formic acid; thus:— 

HCOOH. Cn,COOH. C,H,(COOH).^ 

Formic acid. Acetic acid. Succinic acid. 

C,H,(OH)(COOn) 3 . 

Citric acid. 

It is to be noticed tha^ in two cases more 
than one molecule of formic scid is employed; 
and tliat succinic acid, by this view, is to bo 
regarded as two molecules of formic acid, in 
which two atoms of Jiydrogen arc replaced by the 
group C-jH^; while citric acid is derived from three 
molecules of formic acid by replacement of three 
atoms of hydrogen by the group C,li,(OH). The 
carboxylic acids may bo similarly derived from 
carbonic acid (CO(()lI)o), if one hydroxyl group 
bo regarded as replaced by an alkyl or similar 
groui*. But it is clear that unless this view of 
the composition of carbon acids helps to render 
prominent the actual relations existing between 
those compounds, it can bo of no value. Li this 
view of the coiisLitulion of carbon acids these 
compounds are ail represented as containing the 
! charactoristicgroupCO.Oll; this group has been 
! nameti ‘carboxyl,’ a word derived from *car- 
j bonyl,* CO, and ‘hydroxyl,’ OH, and implying 
j the jjrescnce of thc.se two groupsj^ That most of 
I tlic acids of carbon contain th^ group CO.OH ia 
: rendered probable by tlic following considera- 
' tions: when gno of those acids is distilled with 
phosphorous chloride, PCI.,, the hydroxyl group 
is replaced by chlorine, thus ; 

3CH,,.CO.OH + ‘ 2 PCI 3 - i£yi.,CO.Cl -H PA+3HCI. 
And on warming such a chloride with water the 
acid is re-formed; 

CH,.CO.Cl f H,0 « CH,CO.OH -i- HCI., 

It isIhuB proved that oxygen and hydrogen can 
be removed together from the acid moleoula. 
Moreover, oft treatment of the acid chloride with 
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aftfoeni hydrogen, tlA ebloiine is r^laced by 
Jiydrogen, and an aldehyde is produced, thus; 
^ CH,COCl +/H =- CHjOHO + HCl. 

^^is aldehyde, •when treated phosphoric 
"hloride, P01„ exchanges its oxygen for two 
atoms of ohlorinc, thus; * 

CH,CH0 + PCI, - 0H3.cncr,+ poci,. 

It is therefore inferred that tlie atom of oxygen 
replaced by chlorine in the last reaction is 
differently related to the other atoms in the 
molecule from that atom of oxygen which is 
replaceable by chlorine only when hydrogen ac* 
companies it. TJic formula of the cluiracteiistio 
group, CO.OH, thus appears rcasonal)lo. 

But there are many compoun<Is of caihori ex¬ 
hibiting the property of exchanging hydrogen 
for a metal by the action of an oxideor liydroxi<le, 
which do not contain the carboxyl gron]\ Among 
these compounds may be mentionod bodies such 
as ethane sulphonio acid, and ctliano 

phosphonic acid, C2H,,.ILP03, etc.; many of these 
bodies may be regarded as acid ollH n'al salts of 
. inorganic acids. Tliorearc,however,others which, 

• in spite of their acid i)ropertIcs, it is not nsn.al to 
name acids, although many of them might be 
Ibgitimatcly included in this class. I'or instance 
the mercaptans, of which ethyl hydrosulphido 
"may be chosen as an example, react with oxides 
orhj^roxides in a similar manner- to sulphydric 
;ilC‘id,H,S,thus.O,H,.SH h- K03I ^ CJl.SK + H,0: 
and the corrcspomling seleiiioii and tellurium 
compounds exliibit a like behaviour. Again, 
many of the nitro-compouiids of the alkyl 
radicles have the power of exchanging hydrogen 
for a metal, under the usual limitations, as for 
example: 

OH,NO, -h KOn - Cn,KNO,. -f n,0 
C(NOj)3ii yields C(^^0.,)3^, etc. Hydroxyqui* 

, nones, such as alizarin C, ,11^0,(011),, act as 
dibasic acids, forming compounds such as 
C,4H,0,(0K), ; phenols, and their sulmtitution 
derivatives, also yield melallio derivatives, e.g. 
sodium phenato CJIaONa, sodium picrato 
03H.^(N0J, ONa. Oncompaf^ngsuchcompounds 
with each other, and with other acids, the fol¬ 
lowing deductions may be drawn : That a 

powerfully electro-negative clement such as 
fluorine, chlorine, bromine, or iodine, confers 
acid properties on its compound with hydrogen. 
(2.) That in compounds of chuiients exhibiting 
loss markedly electronegative properties than the 
halogens, the prcseiico of an eloctronogative ele¬ 
ment is necessary to the development of acid 
eharaoter. This may bo seen from the follow¬ 
ing coilsiderations. Hydrocarbons, such us mo- 
ibane, GH^, exhibit no acid properties; if an 
atom of an olectroncgativo clement such as 
oxygen or sulphur is introduced into the mole¬ 
cule in place of or more atoms of hydrogen, 
the compound so formed, although not goncrally 
a true acid, yet exhibits a more or less acidic 
character. Thus, mothylio alcoliol, CTl,011, 
forms metallio derivatives (CHyONa, ^c.) by the 
action on it of strongly oositive metals; but as 
such compounds are dec^^posed by water, they 
cannot be formed in presence of that substance. 
Here, however, we may note that phenol,C^HjOH, 
andsimilarcompoundsi,.r6aotswiththehydroTides 
of atrtmgly TOsiUve metals to formi metallic 
derhativea which, although compaiatively un- 
atable, are nevemeless capable of existence in 
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presence of an excess of alkaline hydroxide. But 
if a derivative of a hydrocarbon contain two or 
more electronegative atoms or groups of atoms 
in the molecule, then, as a rule, this compound 
forms metallic derivatives of considerable sta¬ 
bility. Thus, the replacement of two atoms of 
hydrogen in the Snolecul# of an alcohol by an 
atom of oxygen (converting the group character¬ 
istic of primary alcohols, GH,OH, into tho cafr 
boxyl group, CO.OH) is attended by a marked 
increase of acid properties. Similarly the ex¬ 
istence of oxygen combined with carbon in 
liydroxyquinones (as carbonyl, GO) confers on 
liydroxyl groups present tho power of exchanging 
tlioir hydrogen for metals by reactions common 
to acids. And in presence of a largo amount of 
a?i cloclroucgative eleuicut the exchangeable 
hydrogen need not even be present as hydroxyl; 
for as shown above, such bodies as nitroinethanc, 
CHaNOa.form metallic Jerivati ves, like CHjKNO*. 
Comp. Aceto-acetic acid, p. 17. Begarding the 
relations l>ctween the nature of diJIerent elements 
and the acidic character of their compounds v, 
further Classification. 

Basicity of acids. —Some acids, on treatment 
with the oxide or hydroxide of an al kali metal, may 
exchange all their hydrogen for metal, thus pro¬ 
ducing a salt; and it may not be possible to obtain 
from tlieiu a body intermediate between the salt 
and tho acid; such an intermediate derivative is 
usually termed an acid salt. From other acids 
such intermediate derivatives are obtainable. 
Tho acids of tho former class are termed ' mo¬ 
nobasic ’; those of tho latter class are termed 
‘ polybasic,* including tho terms ‘ di- ^ ‘ tri- • 

‘ lotva- ’ basic. Tho conception of the basicity 
of acids was introduced by Graham. Before hu 
researches in 1833, it was supposed that an 
‘ acid salt * contained, as its name implies, both 
acid and siilt, and on the binary theory it was 
considered to be a compound of tho two. But 
Graham sliowcd that in neutral potassium phos¬ 
phate there are, as he expressed it, three equiva¬ 
lents of potash for one equivalent of phosphoric 
acid, or in modern language, three atoms of 
potassium fog one atomic group PO,; and that 
tho acid phosphates differ from the neutral 
phosphate in containing water instead of potash, 
or us wo should say, hydrogen in place of potas¬ 
sium. The composition of hydrated phosphoris 
acid being expressed by the symbol (old notation) 
P0.v3H0, the composition of its different salt! 
might be expressed by the symbols: 

PO4.2iIO.KO; PO5.HO.2KO; POvSKO. 
Phosphoric acid was therefore termed by Gra¬ 
ham a * tribasio acid.’ In 1838, Liebig pointed 
out the necessity of considering the following 
acids as polybasic, because (d ^ke fact that they 
form acid as well as neutrm salts;—cyanuricy 
malonic, comenlc, citric, aconitie, aoonic, tartaric, 
malic, and fumaric. In consequence of this 
change of view, Liebig argued that it 
better to give up the binary theciy of acids 
held by Berzelius, and to go back do the older 
theory of Davy, viz. that acids -are to be regarded 
as formed by the combination of hydrogen with 
• simple or a compound radicle, the nature of 
^is radicle having no part, in def^rmining the 
number of stages in which the replaoebent of 
hydrogen by metal takes place. Thus by ad¬ 
dition of oxygen or sulphur to sulpbnreM 



to 


iiir^ogen (sulphj^rio aoi4) the followiag dibasi? 
Mide are obti^ble:—^ 

Sulphjdrie acid . . H^S 

Hyposulphorons acid » H.>SOa 

fialpharous acid . • H.SO) 

Sulphuric acid. . '• H.80| 

Thiosulphuric field . ^ 

Dithionio acid . . , 

It was, howcTcr, known that many acids, 
having a claim to be considered monobasic, 
stich as hydrofluoric, acetic, benzoic, and stearic, 
gave rise to double salts by addition of a mole¬ 
cule of acid to a molecule of salt. Laurent and 
Gcrhardt pointed out that the relative densities, 
in the gaseous state, of many acids belonging to 
this class imply that a molecule of each acid 
contains only one atom of hydrogen; further, 
that an acid of this class forms only one alkyl 
(or ethereal) salt, and ono amide; that while 
polybasio acids generally yield anliydrides by 
some direct process, often by the action of heat 
alone, the anhydrides of nionobnsio acids are 
usually obtained in<lirectly, and that anhydro- 
salts such as dichromato of potassium, are ob¬ 
tainable only from iwlybasic acids. 

The number of atoms of hydrogen contained 
in n molecule of an acid is no criterion of its 
basicity; this fact was noticed by Gcrhardt, but 
Us bearings were more fully elucidated by Wiirtz 
and by KckiiliS. Tho basicity of an acid is de¬ 
termined, not by tho number of atoms of hydro¬ 
gen which it contains, but by tho number of 
stages in which tho hydrogen can be replaced, or 
in other words, by the number of salts which it 
is capable of forming with a specified monovalent 
metal. Thus a stu<iy of the salts of the follow- 
ing acids has led to their classification as shown 
below. 

Monobasic.-HF, IICl, HNO„ 

n(HCO,), HBF„‘HAuCV 
Diba8ic.~ H,SO„ H (IIPO,), H..C,0„ 

ItPtCl,, C,H,(COOH),. 
Tribasic.—HjPO^, Tr,Fc(CN'),„ HjAsO^, 

c,H,(OH)(coon)3,c.rT..N7CooTr)3 
Tetrabasic.--n,r..()-, }l,Fc(CN)„ CJ1..(C00II)*. 
Hexabasic.-C„(CbOH),. « 

The number of salts of a monovalent metal 
whl<^ an acid is capable of fonning correspond.?, 
as a rule, with its basicity. Thus tribasic ortho- 
phosphoric acid forms throe salts with potassium, 
viz. Il.KPO^, HICPOj, and K^PO^; and similarly 
with other acids. 

This classification, as already stated, is 
founded on a study of the salts of acids con¬ 
taining monovalent metals, practically of the 
salts formed by the action of potash or soda on 
ttio acids. The researches of Thomsen on the 
quantities of he^t produced when acids and 
bases mutually react in equivalent quantities 
have confirmed the conclusions drawn from a 
study of tho composition of salts. The principle 
of thectheiimal method may bo thus statedIf 
a dilute aqueous solution of a monobasic acid is 
mixed witnan equivalent quantity of an alkali 
also in dilute aqueous sulution.a definite qqantitj 
of heat is produced; if njore than one equivalent 
of acid is ined for ono equivalent of base, tne 
tomo quantity of heat is produced. This is 
shown oy the examples which follow: * 

^ Inures repreaeat gram-nDitsof bent. 


Aold. 

Knmbor M eqatralonts of addtO flBS 
equiWfient of boM (KftOHAq) ^ 

HOl!kBr.HI 

p $ 

18,700 

13,700 

0 1 

6.850 ' 

HF. . 

16,000 

16,300 

8,200 

HSH . 

7,700 

7,700 

3,000 

HNO . 

2,800 

2,800 

1,400 

HNO,. 

13,600 

13,700 

0,800 

IIPH,0, . 

15,400 

16,200 

7,000 

HPO,. 

14,200 

14,400 

_ 

H.C.,ilA • 

13,200 

13,200 

8,600 


In most of these instances, the acid forms no 
acid salt; its hydrogen is replaceable in only one 
stage. But although acid salts of acetic acid 
(e.g., C 3 Hj 0 .,.CMH 8 Na 03 ), and of hydrofluorio 
acid (TIF.KF), are known, the formation of these 
salt.s by the action of the neutral salt and the 
acid is accompanied by a very small thermal 
change. This fact forms a reason, in addition 
to tliose adduced by Gcrhardt, for classing hy- 
drolluorio and acetic acids with the monobasic 
acids. 

The thennal value of tho action of a base on 
a polybasio acid, unlike that of the action of % 
base on a niouobasftC acid, is de])endoiit on tho 
proportion between tho number of equivalents of 
base and acid used. This is shown by the 
following cx implcB: 


AcW. 

Number of equlralenta of acM to one 
eqnlvalpiit of base (NuOJfAq). 

H.so, . 

2 : 1 1 i A 

11.200 1-1.6(10 — 

7,S00 


JI.so. . 

— 15,OiKH 11,500 — 

7,300 

_ 

TI.lMio,. 

M,y00 M.HO't 111.200 9,600 

_ 

... 

ll.cn, . 

— ill.OiHJlIO.KH)' — 

_ 

<■ — 

H.l'O, . 


— 

ff.OOO 

H.l’A . 

— ill.HX)jR300; — 

13,200 

d,100 


Again, a small thermal change is noticed when 
soiutioiio of a monobasic acid and of tho potas¬ 
sium or .sodium saH of this acid mutually react; 
but if a solution of a polybasic acid is allowed 
to react witli a solution of a neutral salt of the 
same acid, a marked thermal change occurs. 
Tims tho formation of KHSO 4 from K^SO^ and 
H.,SO ,at * 2 iVM 5 accompanied by the disappearance 
of about 8,000 gram-units of heat. 

OitTiro-ACiDS AND Axiiydro-acids. —The acids 
containing oxygen have been most completely 
investigated, owing to the fact that most of 
thciii are stable at ordinary temperatures, and in 
presence of air and water. It is inferred, that in. 
tliesc acids oxygen and hydrogen are in intimate 
union, forming a hydroxyl group; the chief 
reason for this view, viz., that when these acids 
are treated with pbosphoroi^, or phospboriot 
chloride they yield the chloride of the acid 
radicle, has already been stated. Thns sul- 
phiiric acid,^Oa(OH) 3 , ;^elds sulphuryl chloride, 
SO 3 CI 2 ; and phosphoric acid, PO{OH)j, yields 
phosphoryl chloride, POCl,. Such groups as 
SO..., sulphuryl, or phosphoryl, are termed 
acid radicles, and their compounds with hy¬ 
droxyl are acids. The term ortho-acid is em¬ 
ployed especially in the nomenclature of^^arbon 
acids, ^ ‘ . 

An cirtho-acid, strictly soaking, one in 
which the element to which the hydrosyb git; 
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pniM If not eoabtfted vi^ any other oxygen. 
Snob oompotmds are in moet eases nnknown, 
bat their existenoe ia inferred from that of their 
metallioor ethd^eal salts,e-o. Sl(9*?a)i; C(9CH,),: 
CH.C(00,H.)„ *0. 

Many of the commonlyooconrring adds may 
be regarded as derived from such ortho-acids by 
removal of water; thus looked at, these acids 
are partial anhydrides. Their formation is 

illnstrated by the following examples: 

S(OH), SO(OH), SO,(OH), SO, 

UoKnown. Uukuowo. 


SO,(OH), 

Sulphuric 

aoi<l. 


Sulphuric 

anhydrhlc. 


I(OH), lO(OH). lO-dOH), IO,(OH) 1,0, 

Unkoown. Periodic Saits knowo. Suitx Periodic 
acid. knowu. aithydride 

(?kuo\vu) 

P(OH), PO(OH), PO,(OH) P,0, 
Viikuowm Orthophosphurlo MeLiiphos* Phosphoric 
acid. phnrlo luiid. anhydride. 

Partial anhydrides are sometimes alsofonnod 
by the condensation-products of two or moro 
molecules of an acid, with removal of water, 
thus: 

S^OH), SO,(OH) 


S(OH), 

S(OH). 

Unknown. 




0 




SO(OH), S0,(0II). 

Unknown. Pyrosulphurie acid. 
In most cases the composition of such acids is 
inferred from that of their salts ; the very 
numerous natural silicates may be conveniently 
classified as salts of such condensed acids 

(V SlLlCkTEs). 

Affinity {ox avidity) op Acids.—B y mcasur. 
ing the thermal changes which occur wlien one 
equivalent of an acid, in dilute aqueous solution, 
reacts an one cquivjilent of the neutral salt of 
another acid, also in diluto aqueous solution, it 
is possible to determine the proportion in which 
the base divides itself between the two aci<ls. 
Measurements have been made by Thomson, 
and he has named the proportion in which the 
base combines with eitln^ acid, the relative 
avidity of the acid. Thus when hydrocliloric 
acid (36*4 parts) is added to potassium nitrate 
(101 parts), both in diluto aqueou.s solution, the 
thermal clianges which occur point to an equal 
partition of the base between the two acids; i,e, 
half tlie potassium exists in the solution as 
chloride, and half as nitrate. On mixing nitric 
acid (63 parts) with potassium chloride {74*4 
parts), the heat-change points to the same efjual 
partition of the base. Hence it is concluded 
tliat the relative avidity, or aflinity, of hydro- 
ohlorio and nitric acids for potash is equal, and 
is expressed by the number 0*5. The relative 
avidity scorns to be independent of the nature 
of the base witflili certain limits; it is also modi¬ 
fied only to a small extent by the concentration 
of the reacting liquids, or by small changes of 
temperature. This conclusion of^Thomsen lias 
received thorough confirmation by the researches 
of Ostwald; and this is the moro valuable in¬ 
asmuch as Ostwald mAsured the partition of 
acids between bases by a method depending on 


Aofd 

Avidity 

Acid 

. HOI 

1 

. HON 

HBr 

H530* 

3 

HI 

<r79 

g 

Bf 

(Ki 

Avidity 

Aoia 

very small 
HNO, 

0*49 

0*49 

3 

OC1,.OOOH 

Aridltv 

Acid 

Avidity 

1 • 

(COOH), 

0*34 

0*^ 

C.H.O. 

0*05 

very small 
OwHaO. 
0*03 

0-38 


For more details v. Aftinitv, p. 67; Acids, 
Basicity of, p. 51. Begarding acids v* also 
Classification. An acid with a large avidity 
or affinity is frequently now sjwken of as a 
strong acid, the term weak being applied to 
those acids the affinities of which are expressed 
by small numbers, 

llc/erences. —Lavoisier, Traiti dl4fnentairc ds 
Chiinic, ed. 1780, i. 60 et Kopp, C?S- 

schichte dcr Chemie, i. 308; iii. 17; Davy, 
Journal of Scienre and the Arts, i. 285; also 
G. A. 54, .377; T. 1815, 212; Berzelius, J. 6. 
184; Grah.'im, T. 18:?3, 253; P. M. 3.451 and 
460; Liebig, A. 26. 138. 170; A. Ch. 68. 5, 70; 
Laurent, A. Ch. [3] 21,163; Mdthode de Chiniie 
(1854), 62, Translation of Cavendish Soc>, 89- 
45; Gcrhardt, Oerh. (1856), 4.641; Wurtz, A.Ch, 
[3] 55, 460; 50, 312; 61. 161; Kekul6, A. Ch. 
60, 127; Odling, P. M., 18. .368; Thomsen. 
Thennochnnische Vnterstichungen, i.; P. 138. 
65, 208, 408; 130. 193; 140. 88, 530; Berthe- 
lot, C. li. 75. 264, 435, 480, 538, 683; 87.671. 

W. R. 

ACIDS, BASICITY OF.- It has been shown 
in the art. Acids (q. v.) that some acids react 
with the hydroxide (or oxide) of potassium or 
sodium to form only one salt, whereas other 
acids by a similar reaction produce more than a 
single salt. The former acids are called mono¬ 
basic, the latter polybasic. It was also shown 
in the art. Acitvs that the basicity of an acid 
may be determined by an examination of the 
heat of neutralisation of the acid. The thermal 
value of the reaction of a monobasic acid with 
a base, in dilute aqueous solutions, is indepen¬ 
dent of the ratio between the numbers of equi¬ 
valents of qpid and base used, provided not less 
than one equivalent of base is mixed with a 
single equivalent of acid; but the thermal value 
of the reaction of a polybasic acid with*a base 
varies according as 1, 2, 3, dc. equivalents of 
base react with one equivalent of acid. If the 
thcnnal reactions which occur when acids and 
bases react in equivalent quantities, and in di¬ 
luto aqueous solutions, are more closely exa¬ 
mined it is found that the dibasic and tribasio 
acids fall into certain classes. Thomsen hai 
especially examined this subject {Th. 1). The 
quantity of heat produced ^ring tne neutralisa¬ 
tion of a dibasic acid is sometimes divisible into 
two exactly equal parts, according as one or two 
formula-weights of soda are allowed to react 
with one formula-weight of the acid. In other 
cases the thermal value of eaohfttagS ox the 
total operation is different. Thus^nsider the 
following data: 

[U»SiP»Aq, NttOHAq]« 18,300 KaOHAqJ- 


following table gives the relative lenities of' rmenjA^ v»ntrA»i_it o.n' ’ 


[H“SO>Aq, KaOHAq]-16,860 


awae adda towards the base soda; the affinity I [HWAq, 2NaOHAq]-(2x16,860)-8,780. J 
Of bydnwblonoA^d beinp taken as unity:— i Eaok ot these three acids represents a gsaafi, 


• t 
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ThomMn dividei the dibeaie >dd« extminei] bjr 
him into three ^oapa aopording as the thermal 
value of the action of the second formula-weight 
of soda is (1) equal to, (3) greater than, or (3) 
smaller than, the value of the action of the first 
formula-weight. 

The data are presented in the following 
table:— 

Gnour I. 

Beat prodnceil in action ot 

IfaOH Acia 

IT.SiP. H.PtCI, 

1st formula-weight 13,300 13,600 

2nd „ „ 13,300 13,600 


Ist 

2nd 


1st 

2nd 

1st 

2nd 


Gnour 11. 

iT,so, n.s<-n. iT.p.o. iT.n.TT.o. 
14,750 11,750 13,850 12,150 
16,050 15,650 14,150 12,850 
Giionr III. 

n.so, 11,5, 0 , n,oo, rr,n,o, 
15,850 14,750 11,000 11,100 
13,100 12,250 0,150 8,000 
H.CrO, ir,l’110, C,lT.(CO,lt), 
13,150 14,850 12,100 
11,550 13,000 11,750 


The tribasio acids examined by Thomsen 
may also be classified according as the thermal 
value of the action of the second fornmla-ivcight 
of soda is greater or smaller than that of the 
first, and tho value of the action of the tliird 
formula-weight is greater or smaller than that 
of tho second. Tho data arc as follows:— 

Group I. 

Ad.l 

Heat produced in action H,C,IT,0, 

of NaOII (Acojiitic Afiil) (Citric Aclil) 

1st formula-weight 12,850 12,650 

2nd „ „ 12,050 12,800 

8rd „ „ 13,850 13,550 

Group II. 

Add 

Heat produced In action of 

NaOH H,AsO. H.PO, 

Ist formula-weight 15,000 14,850 

2nd „ „ 12,600 12,250 

3rd „ „ 8,350 * 6,1150 

Gr(^p I. of the (ril)usic acicla corresponfls to 
Group II. of the dibasic, and Group II. of the 
tribasic, to Group III. of tho dibasic, acids. 

Thomsen sngge.sts tluat this classification of 
dibasic and tribasic acids may be summarised 
in the following typical formula;:— 

Dibasic Acids. 

Qnael. }TjplealIorinnla {rat. e.j.SIP..H,; 

{K(On). c.j.SO.(OH\; 

„ ^ {ii(oii)n e.f. so.'OHin. 

Trirasio Acids. 

fp c.H.o,(on).: 

CmnJ II. } ^S;‘nTa' {"“(OH)!! c.p. nro.(on)n. 

As regards dibasic acids; in the case of every 
ftoid examined by Thomsen, except two, the 
thermal value of the action of the fimt quantity 
of soda ad(ftd is different from that of tho 
second,*cqual, quantity of soda. The first of 
the typical formula suggested by Thomsen for 
thf’tbree classes of diba^ acids is probably to 


Aotd of 1 
OroapIT. f 
Acid of 1 
Group III. j 


be assigned to EJtOL aitd only. Wl^ 
should the formula B(OH), rather than B(OH)H 
be assigned to the acids of, Group 11.7 The 
forraiila B(OH]^ would indicateihe easy separa-i 
tion of the acids into anhydride (B) and water 
(OHH). But the arids placed in Group III. are, 
as a class, more easily separable into anhydride 
and water than those placed in Group U. If 
tho differences between the thermal values of 
the first and second quantities of soda acting on 
the acids of Group III. are tabulated we have 
this result: H.,SO,=2,760 j H.,SeO, = 2,600 ; 
H.,CO,=1,850; = 2,200; H..CrO,= 1,600; 

H.,PnO, = 1,260; C..H,(CO.H)j = 650. These differ- 
ences vary from 9-5 (H^SO.) to 2-7 (C.H,(CO.H).) 
per cent, of the total heat of neutralisation. 
Wo have good evidence in support of the state¬ 
ment that succinic acid is a dihydroxyl com¬ 
pound ; therefore, although it occurs in Thom¬ 
sen's third group, wo must place it with those 
acids the typical formula of which is E(OH)„ i.e. 
with the acids of Group II. The other acids of 
Group in. are fairly easily separable into an¬ 
hydride and water. The formula CO.;(OH)H 
for carbonic acid is to some extent confirmed by 
tho fact tliat tho higher homologues ot this acid 
although dihydric aro distinctly monobasic. If 
the differences between the thermal values of the 
I first and second quantities ot soda acting on the 
i acids of Group II. are tabulated we have this 
I result: H,80,-1,900; H,ScO, = 900 ; H.,C,0,- 
i 600; H.di,C,O,=400. Those differences vary 
from 6 (Hj.SO,) to 1'5 (ILHjC.O,,) per cent, of 
the total heat of neutralisation, 'fhe differences 
in the case of acids ot Group III. arc consider¬ 
ably larger than tlicse. When tho difference 
between the thermal values under consideration 
is small, and, ns a rule, tlm value of tlfe second 
quantity of sodiiis greater than that of the first, 
Tliomscn regards the acid as, generally speaking, 
belonging to the type ]l(OH).;; when the differ¬ 
ence in question is largo and tho value of the 
second quantity of rada is, as a rule, smaller than 
that of the first, the acid is regarded as belong¬ 
ing to tbe typo Il(OH)II. 

These thermal investigations made by Thom¬ 
sen point to tile performance of definite functions 
by the different hydrogen atoms in tho chemi¬ 
cally reacting nnit, or group of atoms, of many 
iwlybasic acids. Altiiough the reacting unit of 
a tribasic acid contains tliree atoms ot hydrogen 
all replaceable by metal under similar conditions, 
ncvertlieless the energy-change which accom¬ 
panies any one of these replacements is often 
different from tho energy-change which aooom- 
panics the other replacements; hence we seem 
justified in concluding that each of the replace¬ 
able atoms of hydrogen in thes^ acids is related 
to the rest of the atoms, whichVith tho specified 
atom make up the chemically reacting unit of 
the acid, in way different from that wherein 
the other replaceable atoms of hydrogen are 
related to the rest of the atomic complex in 
question. _ 

In such acids as U.SO,, HiPO., Ac., it is 
necessary to exhibit the differences of function 
of the different replaceable atoms of hy^ogen 
by formnlm which represent some ot these acids 
as containing one OH group, others as contain¬ 
ing two OHigroups, and others three OH groups; 
but neida are known the reaclioni ot wUeh 





oblige Of to f» tliat they ooniftin more than ooe 
OH group, and at the lame time to assert that 
each of mesa groups plays a diferent part in 
the reactions of the acid. glyooluo acid 

CH,OH.COOH is a monobasic acid; the neat of 
neutralisation of this acid is 

[CH*0H.C00H4q, NaOHAq] = 18,600 
(De Forcrand, 0. i2. 96, 682); but the addition 
of a second equivalent of soda to the neutral 
salt is attended with the production of a small 
quantity of heat 

[CH20H.COONaAq, NaOHAq]« 4,200 
{ib., BL [2] 40, 104). The disodium glycollate 
thus formed is, however, an easily decomposed 
compound. Another monobasic acid, glyoxylic, is 
known, having the composition GII^OI1);;.COOH; 
this acid forms a definite sodium salt, an aqueous 
solution of which reacts with soda with the 
roduotion of nearly one-sixth the quantity of 
eat produced by the reaction of the first equiva¬ 
lent of soda on the acid. The data are these 
(De Forcrand, C. R. 101,1495):— 

[CH(OH)2.COOHAq, NaOHAti]«13,230; 

[CH{OH)='.COONaAq, NaOHAq] = 2,000. 

Here we have a very distinct illustration of the 
•connections between thermal changes and tlio 
modification in the nature of the reaction of a 
specified group of atoms produced by the rela¬ 
tions of that group to the other atoms, or group 
of atoms, in the chemically reacting unit of au 
acid (v. further Affinity; especially pp. 74,75). 

M. M. l\ M. 

ACIDS, 0B6AKIC. The empirical formula of 
acetic acid C 2 H 4 O 2 has been expanded into the 
structural formula CHjCO.O.H by reason of 
the following considerations. One fourth of 
the hydrogen of acetic acid is displaceable by 
metals 4 hence wo write CaHaO...!!. By the 
action of PCI,, acetic acid may be made to 
exchange the same quantity of liydrogen toge¬ 
ther with half its oxygen for chlorine, producing 
acetyl chloride, C 2 H 3 OCI: hence we write 
C,H,O.OH. In the electrolysis of potassium 
acetate, ethane and carbonlb acid are produced 
at the positive pole, potassium being formed at 
the negative polo. This decomposition may bo 
represented thus; C..H,0.;K=K + CO, + CH,; but 
methyl, CH,, is immediately polymerised, be¬ 
coming ethane, C^H^. This experiment shows 
that half of the carbon in acetic acid is inti¬ 
mately connected with oxygen, the other half 
being connected especially with hydrogen: hence 
we write, finally, CH 3 .CO.O.H. 

Analogous reasoning applied to other organic 
acids, very frequently leads to a similar formula, 
e.g. in the case of succinic acid to the formula 
C,H 4 (C 0 . 0 .H) 2 . The acid character of these 
bodies is undoubtedly connected with the group 
CO.O.H or CO.^ called carboxylf and it is easy 
to generalise and say that all organic acids tiiut 
are free from sulphur, phosphorus, arsenic or 
silicon, contain carboxyl. Kekfil^, therefore, 
considers that the basicity of an organic acid is 
determined solely by the number of carboxyls 
it contains. Such a cdbclnsion can, however, 
only be maintained, by defining an organic acid 
as a substance containing carboxyl. If this 
definition be accepted, it follows of course that 
all oi^anio acids do contain carboxyl. But if 
wa wish to lei experiment guide ps, we must 
adopt sooii other defioHion, such as that an 


OH 

acid is a substance that contains hydrogen 
which can be displ^ed by metals with the 
formation of a metalno compound not decom¬ 
posable . by water. According to this defi¬ 
nition, phenol, pyrogalUc acid, nitro-ethane, and 
even the propargyl derivatives and perhaps 
acetylene, are aaids. (lonipounds like sugar- 
lime are not necessarily salts, for the calcium 
need not have displaced any hydrogen in the 
sugar, but may have added itself in some way. 

Sodic carbonate gives off CO, when mixed 
with solutions of strong acids; if we adopt 
efiorvescence with sodic carbonate as a test of 
acidity, wo shall consider the compounds just 
mentioned to be neutral bodies, but the nitro- 
phenols and barbituric acid will still be acids. 
In testing with sodic carbonate we assume that 
carbonic acid is the weakest of all acids; this is 
a mere convention, the fact being that there is 
no dclinilo line of demarcation between acids 
and neutral bodies, the two scries shading off 
imperceptibly into one another. 

It will be noticed that the acidity of phenol 
is greatly increased by the introduction of 
nitroxyl. In general, the displaceable hydrogen 
in an acid must be directly and indirectly 
attached to strong chlorous (or electro-negative) 
elements or radicles, for it is the balance of 
aOinitios between these elements or radicles 
and the metal that produces the stability of the 
salt. In carboxylic salts one 0 directly, and 
CO indirectly, neutralise or balance the metal, 
say sodium, foiming the stable group CO.O.Na. 

In sodium nitro-phenol, NO.^.CuH^.O.Na, the 
sodium is balanced by O directly and by NO, 
indirectly. In sodium nitrate, N 02 . 0 .Na, the 
condition of the molecule is similar (v. also 
Ackto-acrtic acid, p. 22 ). Too many 01 too few 
chlorous groups weaken an acid, for the equili¬ 
brium of its salts is thereby destroyed. Thus 
aldehyde, ClIj.CO.II is a neutral body, while 
hydric liypochloritc, Cl.O.H, is a weaker acid 
than Cl.II. 

For purposes of classification, it is most con¬ 
venient to arrange acids according to their 
structural fgrmulic. Compounds whose structu¬ 
ral formula} exhibit closed rings, each containing 
more than two atoms, are classed as ammatk, 
a term that is more particularly applied*to the 
derivatives of benzene; all other organic com¬ 
pounds belong to the fattij scries. 

Carboxylic acids of each series may be ar¬ 
ranged according to their formula} and general 
characters as follows : 

A. Fatty Series, 

(a.) Monocarhoxylicacidii a. Mono-hydriot 
Series I, or Acetic Series; Series II, 

or Acrylic ^rics; Series III, 
C„H .„.^02 or Propiolio Series; Series IV, 
tri-ethenyl-butyrio.—/3. Di-hy- 
dric: Scries I, CnH-nO, or Lactic Series; 
Series II, e.g. Oxy-acrylic; Series HI, 

CJIj^.^Oj, e,g, oxypentinoic.wy. 1 A:i-ffydric: 
C„IL „04 or Glyceric Series, — ^ Ketonio: 
Series I, OnH-n. ^O,, e.g. aceto-acetio acid; Series 
II, C„H. 2 „_ 40 j, e.g, allyl-acoto-acetic acid; Series 
|III, C„Hjja-80j, e.< 7 . di-allyl-aceto-acetic acid.— 
«. Di-ketonic: O.H 2 ,, 404 ,«.gr,ace'|rl-aceto-ftoetio 
acid. • 

(6.) Di-carhoxylic aeiSsx a. Di-hyw 
drio: Series I, or Oxalic Scami) 





ftinukrio «oid; Bariei 
^ aoet^iene di-carboxylio 

‘, e.g. di-aoetylene 

. _ hydrio: Series I, 

malic series j Series 11, C„Hj„.,0„ 
e,g. oxy-itaconio acid.— y. Tetra-hydrio, 
0,il^.tO„e.g. tartaric «id.—S^Penta-hydrio, 
CI.^;sO,. e.g. tri-oxy-Sdipic acid.—e. Hexa- 
hydrio, C„H...,.gO„ e.g. saccharic acid.—f. 
Ketonic, C„H2,.,0„ e^. acetyl-succinic acid.— 
i|. Si-ketonic, e.g. di-acctyl-suc- 

oinio acid. 

(c) Tri.carboxylie aeids: a. Tri-hydrio: 
Series I, C„Hj„_gOj, e.g. tricarballylio acid | 
Series II, e.g. aconitio acid.—ft 

Tetra-hydric: O.H..,..,0„ e.g. citric acid.— 
y. Penta-hydrio: e.g. dosoxalic 

acid.—S. Kotonic: c.p. acolyl-tri- 

carballylic acid. 

W) Tetra-carboxylic acids: o. Tetra-hydric 
0,H,.,Oj, e.g. ethane tetra-carboxylic acid. 

B. Aromatic Series. It is obvious that 
when rings of atoms arc introdnced into the 
structural formuho, the empirical formulne be¬ 
come very complicated. We shall therefore not 
attempt fully to classify the aromatic acids. 
The most important series are as follows: 

(a.) Mono-carboxt/licacids,a.Mono.hy(lrie: 
e.g. benzoic acid; e.g. 

cinnamic ^ acid ; CgHo„_,gOg, e.g. phenyl-pro- 
piolio acid; C„Hg„_„Oj, e.g. naphthoic acid; 

e.g. di-pheuic acid; C.Hj„.|,0.,c.jr. 


IWJ* •■ 9 - beaatfo ftad tWepbiilMUi 

ftoiaSs—6. By oudaiidn witfi KMxiO^, 
acid- from oonifsrin,, pyridine carboxylic acids, 
from methyl-pyridines.—7. Sroffi mtrUos by 
boilin^vith KOrl, e.g. acetic and succinic acids. 
Unstable nitriles must be first converted into 
amides by cold conf^ HCl, and the amides may 
then bo turned into acids by boiling dilute HCl, 
e.g. pyruvic acid (Claisen). The nitriles may bo 
prepared from alkyl chlorides or potassio alkyl 
sulphates by distilling with KCy or digesting 
with HgCy,. No nitriles of the form XyC(ON), 
are known (Claus), hcnco derivatives of malonic 
acid cannot be prepared in this way.—8. By the 
oxidation of primary alcohols: X.CH 2 . 0 H -r 0, - 
X.CO.OII -f HgO. Secondary and tertiary alco¬ 
hols con only produce acids with a less number 
of carbon atoms, e.r/. CH,.CH(OH).CH.-f60- 
Cn,C0JH-eC0,H.,-rn,0. 

Preparation. —The acids may be separated 
from insoluble neutral and alkaline substances 
by solution in acpieous potash ; they may then 
be liberated by ILgSO, and purified by one of the 
following methods: 

(a.) If they are volatile, they are distilled 
alone or with steam. 

(6.) By conversion into a lead, barium, or' 
silver salt and, if possible, purifying the salt by 
crystallisation. The lead salt is then decom¬ 
posed by IlgS, the barium salt by the calculated 
quiantity of H.,SO„ and the silver salt either by 
H,S or by the calculated quantity of HCl. 

(c.) By acidifying and extracting with ether. 

A large number of acids are soluble in ether. 
limctions. —1. Organic acids may be con- 
_ ., , . - - , verted into ethers in two principal ways: (o.) By 

’’■•ju Prpfoc'itccbuio : distilling with an alcohol and dilute H,SO,. The 

aoid, 0^ igO,, e.g. oxy-coumaric acid.—5. 1 reaction may bo suiiposcd to take place in two 

Xetra-hydno, C^Hg^.gO,, e.g. gallic acid.—I stages; the preparation of'acetic ether ^y be 
«. Ketonic: 0„Hg,.|gO„ c.y. oxy-acetophenono thus represented: 
oarboxyhc acid. KtOH , n,.S0,=EtHSO. + H.,0 

{b.) Ih-carboxylw acids: «. Di-hydrio: EtHSO,-r HOAc = EtOAc eH,SO,. 

e.g. hydro - torephthalic acid; (b.) If an acid is non-volatile, it is dissolved in 

e.g. phthalic imid.-—8. tri-hydric: J the alcohol and tlpi liquid is saturated with 

e.g. oxy-phthalic acid. | HOl. After some hours the solution is ponred 

The more complicated aromatic acids may , into water and the ppd. ether distilled, if pos- 
slasBined in a similar wav n '.viu be seen : Bible, in vacuo ; the reactions may be thoi 


phenyl-cinnamic acid ; C„Hg,_„Og, e.g. anthra¬ 
cene carboxylic acid; C„n.„.g,Og, e.g. tri-phenvl- 
acetic acid.—ft I)i-hydrio: C.H 2 ,,, 0 „ e.g. 
salicylic acid; C,Hg„.„0„ e.g. coumario acid.— 


be olassided in a similar way. 
that they are all poorer in hydrogen than the 
corresponding fatty acids. 

Organic Acids in general. —Occurrence: In 
the vegetable kingdom, e.g. oxalic, malic, tartaric, 
benzoic, salicylic, cinnamic, veratric, gallic, 
and tannic acids. In animal juices and secre¬ 
tions, C. 0 , lactic, sarcolactic, uric, hippuric, 
glycoi^ofio, and taurooholic acids. In decaying 


represented: 

EtOH iHCl=-.EtCUH.,0 
EtCl. HOAc = ElOAc -i- liOl. 

It is not necessary that HCl or H.SO, should be 
present in order that etherilication may take 
place, for if equivalent quantities of an aoid 
and an alcohol bo loft in contact or heated 
together for a sufliciently long time, from 64 to 


matter, c.p. acetic, butyric, valeric, j 74 p.c. will react upon each other, forming 


amido-propionio, amido-hexoio, and glutamic 
acids. 


an other. The rate at which the reaction takes 
. . place is greatest for acids of the formula 

Jormafron.—1. By decomposing products of | X.CII.,.CO.,H, slower for so-c»lled secondary 
I animal or veoefable kinmlnm hv hnilint, ; Yvnrr PA H «n.i * t — .__1 


toe animal or vegetable kingdom by boiling acids, XYCH.CO.H, and slowest for tertiary 
with dilute acids, e.g. amido-acetic, aspartic ' ‘ . — — -- 

ud glutimio acids.—2. From fats and fatty 
oils by koilitjg with alkalis, e.g. stearic, palmitic, 

AlaiA AAt/la_Q t... .^...4.,.-I. 


, acids of the type XYZ.C.CO.,II, where X, Y and Z 
! are alkyls (Menschutkin,®. Chemical Cuakoe).— 


and oleic yi^—3. From resins by potash 
fnnon, «.p. p4ty-bcnzoio and protocatcchuio 
acids.—4. By boiling a variety of substances 
with Mnte nitric acid (S.G. 1-2), e.g. oxalic and 
tartario aoid^ from sugar and other carboA 
hydraten--OBy oxidising aromatic hydro- 
aarbons and mher bodies with chromic mixture 
(Igs. of KAA. Spts. of H,80, and 8 to S 


2. Chlorides of phosphorus oonvert acids or their 
salts into acid chlorides of the form X.CO.CL 
These are usually sqjpble in ether, and are 
decomposed by water, more or less rapidly, into 
HCl and the acid X.CO.OH, Oxy-aoids ex¬ 
change not only their carboxylio hydroigl for 
Cl, but also their other hydroxyls; but the 
chlorides %o produced are not reconverted bt 
water into the original acid but only into ehlo|» 








lte{4ft ihuBr CH,. 0 H{OED»C 0 ^, 

ti convetUd by into laotyl iulorMe,. 
P^.CHC3.CQ01, whence water reproduces chloro> 
propionic add, CH|!GH(S.CO^. The chlorides 
lot upon dry nitrates of the nemy metajg (Ag, 
Pb, Cu, Zn, and Hg) producing anhydrides, e.g .: 

2Ph.CO.Cl + Pb(«IO,H= 

(Ph.C0),0 + PbCl,+N,0, + 0 
^achowicz, B. 18,2990).—3. Amides are formed 
by the action of Nil, either upon the chlorides: 
X.COCl + 2NH,»*X.CO.NH, t NHA or ethers: 
X.CO.OEt *-NH 3 =X.CO.NH„ + HOEt. The am¬ 
ides are usually ciystallino substances, and their 
melting-points form important means of recog¬ 
nising the various acids.—4. Acetyl clilotido 
converts acids into anhydrides {v. Acjityl 
chloridk).'~ 6 . cool converts salts into anliy- 
dridcs.— 6 . By heating with CaO or BaO, or 
sometimes by heating alone, CO.j ca«i be elimi¬ 
nated from the carboxyls.—7. Dry distillation of 
calcium or barium salts nsujiily produces helonos 
( 7 . V.).- 8 . Distillation of calcium salts with cal¬ 
cium formate usually produces aldehydes ( 7 . v.). 

Salts. —Salts are formed by neutralising the 
acids with metallic oxidios oi' carbonates. Tliey 
can be conveniontly obtained by tlie addition of 
•tnetallic sulphates or soluble carbonates to a 
solution of the barium salt of the acid, or of | 
soluble chlorides to the solution of the silver 
salt. Sodium, added to ethereal or alcoholic 
solutions of oxy-acids, displaces not only carbo¬ 
xylic but also liydroxylio hydrogen. Tlie 
compounds so produced are, in many cases, 
partly decomposed by water, the sodium that has ' 
displaced alcoholic liydroxyl ))eing turned out 
again, e.g. Cll 3 .Cii(ONa).C(>..Na + H..0 = 

CII,.CH(OII).CO.Na + NaOII. 
The silver salt is usually the least soluble, and is 
frcquenlly used in determining the molecular 
W’eight of an acid; for when the basicity of an 
acid is known the molecular weight can bo de¬ 
duced from the porccnlago of silver loft after 
strongly heating the salt. Silver salts seldom 
contain water of crystallisaUon. 

Acetic Series CoTInOj. Nomenclature. — 
The! following names are employed in this dic¬ 
tionary, the numbers denoting the value of n: 
1. formic acid, 2. acetic acid, 3. propionic 
acid, 4. butyric acid, 5. valeric acid, 6 . liexoio 
aoidscaproic acid, 7. heptoic acid = a!nanthic 
acid, 8 . octoic acid = cainilic acid, 9. ennoic 
Ocid = nonyIic acid ^polargonic acid, 10. deooic 
acid-^capric acid, 11 . hendccoic acid-undecylic 
acid, 12. dodecoic acid=slaunc acid, 13. tridocoic 
acid, 14. totradecoic * myristio acid, 15. pentude- 
coio acid, 16. palmitic ocid = Uexadccoic acid, 
17. heptadccoio acid, 18. stearic acid ■= octodecoic, 
10. enendecoic acid arachio acid, 20 . behonic 
acidicosoiu a^d. 

P’onJtafton.—'feesidcs the general methods 
described above, t)m following may be noticed: — 
1. The action of CO^ upon soditgn alkyls, e.g. 
NaC.^H. + C 0 . 2 “C.,H 3 .C 0 .^Na. This gives one 
method for preparing fatty acids from com¬ 
pounds containing a fevrar number of atoms of 
carbon in the molecule; Mother method depends 
upon the saponification of alkyl cyanides {v. 
tuprjj).—2. The action of strong KOH upon al -1 
kyla^ aceto-aeetic ethers {q.v.).—S. The dis¬ 
tillation of alkyl-malonio acids: XYSfCO.-H).- 
XXCll.CO,H + CO„ where X an^ Y may be 


alkyls at hydrogen. Other H-basie acids are ■ 
decomposed in a similar way when their solu¬ 
tions are mixed with uri^iam nitrate solution and 
exposed to sunlight.—5. By heating sodium alco-. 
holates with CO gas: NaOI3t+CO = EtCO.iNa.— 

6 . By reducing bxy-acids by heating with HI.— 

7. By reducing unsatorated acids by HI or so¬ 
dium-amalgam. • 

Reactions. —1. Dry distillation of salts of the 
alkaline earths or alkalis produces ketones: 

Ca(O.CO.Me),=OaCO, + COMe,. 

2. Distillation of a mixture of such salts of two 
acids produces mixed ketones: 

KO.CO.Mo 4 KO.CO.Et - ILCOj + Me.CO.Et. 

If one of the salts bo a formate the product is an 
aldeliyde: 

KO.CO.Mo -1 KO.CO.H - KXO, + Me.CO.H. 

3. Distillation of a salt of a fatty acid with an 
alkaline hydrate produces a hydrocarbon: 

K().CO.Me + KO.H = K.COa 4 MclI. 

4. Distillation of the alkaline saltaw ith As^Of 
gi VOS organ Iccompounds containing Arsenic (j.v.) 

5. Electrolysis gives saturated liydrocarbons: 

2C„H - K, + 2CO, + 

6 . Ciilorinc and bromine act by substitution, 
not by addition.—7. Distillation in a current of 
steam of tlic mixture of stearic, pahnitio, and 
oieio acids got from fat slightly decomposes 
llioin, forming all acids of the series from formio 
to octoic (CaUoui's a. Dcmar^ay, G, R, 90,156). 

S'jntlioiis .—The acids of the acetic series 
may be built up in the following way: —fa) 
NaMo is converted into NaCO^Me, or sooio 
acetate, by CO^ (Wanklyn).—(b) Bodic acetate is 
converted into ethyl alcohol in one of three ways: 
a. It is converted by rOCl., into An.D, and this is 
reduced by sodium-amalgam (Einuemann).— 
j i 8 . Amnionic acetate is prepared, and is Oon» 

! verted by r.Xj into acetonitrile : NH^CO^Me** 

[ 211,X) -I- NCMo ; tlic nitrile is then reduced by Zn 
; and J (Mendius) to an amine: NCMe + 
ILN.CilAIe, which is converted by nitrous 
acid into an alcohol: HoN.CH.^Mo + HNOj *■ 
IIO.CllAIe T N 2 +ILO. This last reaction is, 
however, accompanied by an intra-molecular 
change in tlio case of all the amines except 
ethylamine^and mcthylamino; as a result of 
this change n-propylamine gives rise to secon¬ 
dary as well as n-pro)>yl alcohol.— y. Tli^ sodio 
acetate is mixed with sodic formate and distilled; 
the alilohyde thus got is reduced to alcohol by 
sodium-amulgiim (Licben a. Bossi), or the oxim 
of the aUlehyde is reduced to an amine which is 
then treated witli nitrous acid.—(c) Ethyl alcohol 
so prepared can now bn turned into ethyl iodida, 
zinc ethide, and sodium etliide, successively. 

A repetition of processes {«), (5) .and (c) upott 
NaKt will produce sodic propionate, propyl 
alcohol, and sodic propide auccessively, and lUi 
we c.'in build up the scries of fatty acids. 

Instead of using the sodium alkyls, it U 
more convenient to use alkyl cyanides; the 
process is tlieu: (a) convert mcthy^Lici^oEinto 
rnetliyl cyanide, and this, by saponincation. Into 
acetic acid; (b) convert acetic acW into ethyl 
alcohol by one of the three processes, 0 , /3, ory, 
just mentioned; (c) c«)nvert ethyl alcohol into 
methyl cyanide, anu proceed as befye to prepare 
propionic acid, propyl alcohol The acijs of 
the acetic series may also be prepared %yntheti* 
cally with the aid of aceto-aoetio ether (p. or 





ie 
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of maboio 6tho> (a. o.). In this way any acid of 
the form CHXI.CO^, where X and Y are alkyls, 
can be prepared. . « 

The descent of the acetic series may be 
effected by distilling each acid with soda-lime, 
whereby a hydrocarbon coutaim'ng one atom of 
earbon less is got; this hydrocarbon is con¬ 
verted by chlorine into An alkyFchloride, whence 
by successive treatment with AgOAc and KOH 
an alcohol may be formed. 

The descent may also bo effected by oonyort- 
Ing the acid into an amide, mixing this with 
bromine and pouring the mixture into a lU per 
cent, solution of NaOH. An amine, a nitrile, 
and a derivative of urea aro then formed, the 
mnine and the nitrile contain one atom of 
carbon less than the atnide. The amine may 


identical melting-pomt tl^t acid may be OoA 
sidered ^ure, otherwise tiie process must be ro 
poated upon each fraction (Heintz, J. pr, 66,1 ;i 
^.92,29.5). ■ * t 

Aclylie Serilb 0„H2p_,0j. Nomenclature,’^ 
n»3, acrylic; 4, crotonio; 6, angelic; 6, bexen- 
oic; 7, heptenoi(^,’ 8, octenoic « suberonio; 
9, cnncnoic; 10, deccnolo==campholic; 11, hen* 
dcccnoic “ undecylcnio; 12, dodecenoic; 14, te» 
tradcconoic; 15, pcntadcccnoio = cimicic; 16, 
hoxttdecenoic-hypogreio; 18, oleic j-*octodeoen« 
oic; 19, doeglic —enendcccnoio; 22, orucio and 
brussic acids. 

Occunrnce. -As compound ethers in fats and 
oils, e.n. oleic acid. 

Fun)iation.~ l. From and sometimes 
from a-, bromo* or iodo- derivatives of iheacetio 


be turned into an alcohol by nitrous acid, and ' series by boiling with alkalis or Ag,_.0: 


then oxidised to an acid ; while the nitrile gives 
the acid on mere saponiiication. The amides 
containing at least 8 carbon atoms yield large 
quantities of nitrile, while tho lower amides 
produce chiefly amino (Hofmann,/?. 17,1108). 
The descent through nitrile from enuoic to 
ootoic acid may be thus represented : 

CJi.jCONH^ + 3Jir., + 8NaOIT * 
0,H,jCxN -f- 6NaBr + Na.CO, + OTLO. 

C,H,jCN + KOII + H,0 = C;h,,CO,K + NH,. 

Melting Points .—While the boiling points of 
the acetic series of acids gradually rise with 
each increment of CHo, tho molting-i)oints of 
those acids that contain an odd number of 
atoms of caibon appear to be lower than tliosc 
of the acids that contain one atom of carbon 
less: 


caprilic 

[16’5»] 

pelargonic 

[12-5“] 

capric 

[30°] 

hendccoic 

|2H'r)°] 

laurio 

[43“] 

tridecoic 

|10-5^] 

myristio 

[63-8°] 

j)ontad('coic 

[31“) 

palmitic 

[62“] 

margaric 

r3'j-9“] 

stearic 

[69°] 

ciieiidecoic 

(59-9»J 

arachic 

[75“] 

medal lie (?) 

I72'5“] 


Isomerism among the fatty acids will ue dis- 


ClLI.Cn.,.C()..K + KOH = 
CH::CrT.COJC i-KI + H,0. 

2. From /8-oxy-ucids, by distillation: 
('U,()JT.OM,.CO,H = H,0 + CH,:Crr.COjH. 

3. Froiii eevtuin /8-oxy-etliers by TClj: 

3CMe,.OH.CO,>i:t + 2ra,= 
.3CMo..Cl.CO.,Kt + r./), -j- 31101 
CMe,C:l.CO,Kt - ClL:CMe.CO,Kt + HCl 
(Frankland a. liuppa, C'.«/. [2] 3,133). Similarly 
; Me,(;(01I).(’H,.C0,Ft gives MeX:CH.CO,Et.— 
i 4. From derivatives of acoto-acotic or malonio 
: ethers containing allyl, otliyleno, <tc.—5. By 
Terkin’s reaction, by heating aldehydes, C„H 2 , 0 , 
! with sodic acetate and Ac/) (e. ALi»Envi)K8). 

Propci ties .—As in the acetic series, the lower 
I members of the acrylic series arc volatile liquids 
! misoiblo with water. Solubility and specilio 
I gravity diminish as molecular weight and boiling 
point increase. The higher members are non¬ 
volatile and insoluble in wj»itcr. • 

Pcuctkms.-l. Tlie .acids of this series con¬ 
tain the group C:C an<l consequently combine 
directly with bromine nml chlorine, usually with 
JlBr or HI in cone, solution, amifieqiientlywith 


cussed under CLASsrFicAHoN iv. also Is(».>n:ras:>i). latter combination is ofl’ccled cither by 

- a<!tion of .sodium amalgam on a solution in water 


Separation of two volalile acUls .—Divide the 
acid into two equal parts, neutralise one with 
potash, add the other sind distil.*'Tho most 
volatile acid will puss over in i>referenco to the 
other;caiid if it constitutes more than Imlf the 
entire mixture, the distillate will consist solely 
of this acid. If, however, the lc.s.s volatile acid 
be in excess, tho residue will consist of its 
potassium salt in a pure stale. Tlie operation 
28 repeated upon whichever portion is still a 
mixture. Acetic acid is an exception to the ; hydro-sorblo acid, CHi.CIhCH.ClL.CH^.COjH, 
rule, for although it bo the more volalile acid, I changes into oxy-hexo-laclone, 


or alcohol or by lieutiug with cone, ill.—-2. 
Fusion with potash produces two acids, one of 
whi(5h is almost Jilways acetic acid. The mole¬ 
cular formula is split up in tho middle of t)'e 
group C:C, e.g.: 

CIT;,.CH:CIT.CO..H + 2KOn« 
C1I,C0,K*IDCH.C0,K i H,. 

3. Boiled dilute with they often change 

into tljo lactone of saturated oxy-aclds: thus 


it will remain behind us acid potaHsinni acetate 
(Liebig, A. 71, 355). If the distillation be 
performed in aquemis solution in a current of 
steam, the acid of highest molecular weight 
goes over first (Hecht, A. 209, 319). 

Separation of fixed acids,—Kn alcoholic solu¬ 
tion flf the r^jxturo of acids is fractionally preci¬ 
pitated by a cone, aqueous solution of magnesium 
or barium acBtate or by an alcoliolic solution of 
lead acetate. In tbo series of pps. so got, tho 
first contains the acid of higliest molecular 
weight and th^last the acid of lowest molecular 
Weight. Each Traction is decomposed by boiling 
dilute llCl and the melting-point taken. If a 
isr^ of consecutive fractions cuuiuins acids of \ 


Cn,.01L.Cll.CH.,.CTl,.C0,0 

I_ I 

4. Many of tho higher incsifcers are poly« 
merised by nilrous acid. 

Series N(»neHcJature.—n=>d. Pro- 

piolic; 4,tetroMc; 5,pentinoic; C,hexinoic = sorbia| 
7, heptinoic-hoii/oleic ; 8, octinoic^di-allji- 
acetic; 9, lanronolic = cnninoic; 10, camphiow 
(lecinoic ; 11, hcnds^inoic = undecolic ; 14, 

myristolic-tetradecinoic ; 15, pontadocinoio} 
Hi, palmilolic-hexadccinoic ; 17, elfpomaf- 
^*garic = hcptadccinoic ; 18, stcarolic = oct<^deoi- 
noic; 22, behenolic. 

Formahon. - Fromdl-brominatcd (ordi-chlor- 
inaled) acid? of tho acetic series, or mono* 



AOOinO Afflo. 


Ixomlnated Mid* pt Hbe aorjrlio urie* by treat¬ 
ment irith alooholio EOH. 

' itencfions.—Combine with Br, or with Br,, 
also with HBr %t 2HBr, and wi|^ H, an^some- 
timee with Hj. 

Iiaotio Series 0„Tl^O,, Jfoinatclature.—n=’ 
2, Glycollio; 3, laetio and hydracrylic; 4, 
oxybutyrio; 6 , oxy-valorio; 6 , oxy-hcxoic &e,-r- 
oxy being prefixed to the names used in the 
acetie series. 

Formation.—1. By the general methods: 
thus ( 7 ) by saponification of oxy-nitriles, ( 8 ) by 
oxidation of glycols.—2. From bromo-, chloro- 
or iodo- derivatives of the acetic series by dis¬ 
placing the halogen by hydroxyl: (a) by boiling 
with much water, ( 6 ) by moist AgjO, or (c) by 
EOHAq.—3. From amido-acids by nitrous acid. 
4. From aldehydes or ketones by addition of 
HGN followed by saponification of tho resulting 
oyanhydrin by HCl: 

CH,.CHO + HCN = CH,.CII(On).CN 
CH,.CH(OII).CN + HCl + 2H,,0 = 
CHrCH(OII).CO,H + NH,C1. 

6. By oxidation of acids containing mathcnyl: 

, (ClI,)jCH.CO.H + 0 = (CH,)jC(On).COjH. 

6 . By action of sine alkyls on oxalic ethers: 

CO,Et.CO,Et + 2ZnEt.= 
CO^t.CEt,.OZnEt + EtZnOEt, 
CO.;Et.CEt.,.OZnEt + 2HjO = 
CO.^-t.CEt,.on + Zn(OH)j s CjH.. 

7. By reduction of ketonio acids. 

fteoctions.—The action of FClj and of Na, and 

the characters of tho resulting compounds have 
been discussed above. The oxy-acids act ns half 
alcohol and half acid. Thus they form two kinds of 
monoethylic ethers,oneofthoformIl"(On).C 02 Et, 
tho otbgr of the form It"(OEt).CO.H. The 
ethers B"(OU).CO.iEf possess all the characters 
of an ethyl salt of an acid. Thus they may be 
prepared in tho usual way from the acid, 
alcohol, and HCl; they may be saponified easily 
by alkalis j they are converted by ammonia 
into amides K"(OH).CONH,; they are uentral 
to litmus. The ethers of tho form iV^(OEt).CO.H 
can be prepared by saponifying the diethylio 
ethers E"(OEt).COjEt and these are got from 
R"Cl.COjEt by action of NaOEt. Tho ethers 
E"( 0 Et).C 03 H cannot be saponified by alkalis; 
are only converted into ammonium salts, 
B"(OEt).C 02 KH„ by ammonia ; and are acid 
to litmus. 

o-oxy-acids are split up by boiling cone. HCl 
Into formic acid and aldehydes: 

CH,.CH(OH).COjH = CH,.CnO + IICOjH. 
/S-oxy-aclds boiled with cone. HCl give II^O and 
an acid of the acrylic series: 

CHjOH.CH5.CO2H = CH5;CH.C0..H + H5O. 
y-oxy-acids spBI* up, when their solution is 
warmed, into water and lactones (q. v.). 
CH,.CH(0H).CH.,.CH5.C0 JI» 
CH 3 .CH.CU 5 .CH 5 CO.O +1150 
I_^1 

On dry distillation, the iMxy.acids of tho form 
B'.CH( 0 H).C 03 U producelactides, or compound 

tthers of the form R’.CU<gQ CII.B’. The 

^•ox 3 ^acids aro converted by dry distillation 
into unsaturated acids: • 

B'.CH(OH).CHa.CO,H - n'.CH:CH.eO,K + H.O, 
or into an aldehyde and an acid: 


m 

CH..OH(OH).ORB'.COJH = 

OH..OHO 

Ketonio aeidia Carboxylic acids represented 
by formula in which carbonyl is united to two 
atoms of carbon. The preparation and pro¬ 
perties of the ketonio acids got by displacing one 
or two atoms of fydrogon in aceto-ocetic acid by 
hydrocarbon radicles arc described under Acbto- 
ACETic ACID. Homologucs of aceto acetic acid in 
which carbonyl and carboxyl are not both united 
to the same atom of carbon aro described 
as alkoyl-derivativcs of fatty acids; thuSf 
CH 3 .cn,.CO.CH,.CH,.CO,11 is described as Piio- 

nONYL-PltOPlONIC ACID. 

Kfitonic acids conlaiiiiiig two carboxyls are 
described ns derivatives of di basic acids, thus 
CIl 3 .CO.CH(CO,H).Cn,.CO,H is described as 
acetyl-succinic acid. 

Ketonio acids of tire form K'CO.CO.,H can be 
prepared from cyanides of tljo form B'.CO.CN, 
and also, in the aromatic series, by the actionof 
IlgPh, &c., on ClCO.CO,Et. 

Di-basic acids, 

Forvtation. — 1 . hy oxidation of the corre¬ 
sponding glycols.—2. By boiling the cyanides of 
alkylenes with potash. Alkylidene cyanides do 
not exist (Claus). - U. By sapojiification of cyano- 
acids, C„n,„.,CyO,.—4. By reduction of un- 
saturated di-basic aci(ls.-- 6 . By action of 
reduced silver iii>on iodo-acids {e.g. formation of 
adipic from iodo-propioiiic acid).— 6 . By oxida¬ 
tion of fats, fatty acids, ketonio acids, unsatu- 
rated acids and many otlicr bodies.—7. By 
reducing polyhydric di-carboxylic acids by HI, 
e.g. tartaric aei<l to succinic.— 8 . From aceto- 
; acetic ethers by acting with NaOEt and the 
; ethyl salt of a chloro- or bromo-acid, and sapo¬ 
nifying the product with cone. KOH (v, Acetyl- 
SDci;iNic etiiek).— 9. From Bodio-malonic ctlier 
and alkyl iodides: 

CHNa.(CO.,Et)., i IR»CHB(CO,Et) 4 +Nat. 

Tlie product still contains hydrogen dis¬ 
placeable by sodium: CHlt(CO,Et)^ + Na=» 
(•NaU(CO.Et), +II whence alkyl iodides form 
di-alkylated malonic ether: 

CA\aU(C«.,Et), + m = UirR{CO.;Et), + Nal 
(u. Malonic aci]>). 

Properties. —Solid and not volatile* Fre¬ 
quently produce anhydrides when heated. 
Malonic acid and iU derivatives aro split up by 
heat into CO, and acids of the acetic series. In 
the oxalic series the acids containing an even 
number of carbon atoms in the molecule have 
higher melting-points, and lower solubility in 
water than the acids with an uneven number of 
carbon atoms (Bacycr, B. 10,1286; Henry, CM, 
99,1157; 100, GO). 

For the characters of ifche homologuos of 
benzoic and salicylic acids see AnonATio Sekies. 
See also amido-, bbomo-, ciilobo-, zodo- and 
NiTim-AciDS, and suiiPuoNio acids. 

ACONIC ACID , • 

C.H 5 O. i.e. C 05 n.CH.,.C<^j ^0 

M. w. 128. [163'’-1C4°]. S. 17-8 at 15°. Formed by 
boiling itadibromopyrotartario acid with a cans- 
ftio alkali, CjH^BrjOj = 2Hl)r + Cil,0, (Kekuli, 
A. Suppl. 1, 338), or with water (lO’pts.) (Beer, A. 
210, S12). In like manner from bromoitacdnic acid, 
OjHjBrO, (Swarts, J. 1873, 684). To prepaic it, 
a solution ofitadlbtomopyrotaitaricacid neuAI- 
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{fle4 with soda is heated to the b(»ling potnV 
thea gradually mixed with more soda tiu it con¬ 
tains 3 mol. NaOH to 1 i&ol. of the acid. On 
evaporating the solution, eodium aconste crys- 
talhses out and aconio acid may be obtained 
from it by decomposition with sulphuric acid 
and agitation with ether 171,153). 

Separates from water in rhombic crystals; 
from ether in elongated lamin.'p (.M.). 

B$xctions. —1. Decomposed slowly by boiling 
water, forming a brown syrup.— 2. Does not 
combine with bromine.—3. Unites with HCland 
HBr forming cbloro- and bvomo-itaconic acids 
(Swarts).—4. Deduced by Sn or Zii to ilaeonic 
acid.—5* Boiling baryta produces formic, suc¬ 
cinic and oxy-itaconic acids: 

+ 2T1.0 = CH..O., + 0JT,O, and 
CJI^O^ + H.d^C Jl/V. 

Suffs.— BaA'o: v. sol. water, ppd.by alcohol; 
crystallises from hot alcohol in shining prisms ; 
gives otf 2.1 aq. at 150°.—CuA'J:uj: blue prisms, 
—AgA': sparingly soluble lamime. NaA'daq: 
eflioresoent triclinic crv>ia!s: « : 6 : c = 
•538 : 1 : *01)0; a -lO.S^tV, ' 27', -y- 

84° 49'. Got by boiling ita-di.bromo-pyratart.aric 
acid with the calculated quantity of aqueous 
Na^COj. It is d(>eom[)osod by bmg boiling witli 
water (B.).—Zn.V.^Saq: largo sliiiiing crystals, 
melting below 100° in their wat< r of crystallisa¬ 
tion. 

Ether. SleA' [8 j°J. From AgA' and 
Mel. Long thin prisms, v. sol. ether, in. sol. 
alcohol, si. sol. water. II. W. | 

ACONITANILIC ACID v. Axiijne. 1 

ACONITE ALKALOIDS. — 1 . Aconitine. ; 
Ca;,H.,5NO,.„[18y° cor.]. S. *13;S (benzeneor chlo- ' 
Foform) 18; S. (ether) 1-50; S. (alcohol) •2-7; S. 
(petroleum) -030 (Jurgens, Ar. Ph. [3] *21, 127). I 
Occwrencc.—la the root of inonh’s-hood, ! 
Aconilurn Napelliui (Geiger a. Hesse, A. 7,2V6; 
Planta, A. 74. 257). 

Preparation. —The ground root is exhausted 
with alcohol containing tartaric acid; the con- I 
centrated extract, after exposure to the air in i 
shallow dishes to remove the last traces of alco- ’ 
hoi, is mixed with water; the aqueous S(jiution i 
ia Allied to separate re.sin, the last portions i 
of whilSh are removed by agitation witli light j 
petroleum, and then precipitated with potassium • 
carbonate; the precipitate, consisting cliiefly of ! 
aconitine, is dissolved in etlier, which leaves | 
behind a small quantity of humous substance; i 
the solution is mixed with aqueous tartaric acid , 
and precipitated with sodium carbonate; the 
precipitate ia dissolved in ether; and the cthcric 
solution loft to evaporate. The re.sidue consists 
of nearly pure acomtinc, whicli may bo further 
purified by converting it into liydrobromide, 
decomposing this salt, after rccrystallisatlon, 
withsodium carbonate, and finally rccrystallising 
themrecipitatc from ether (Dimucsnel. C. B. 73. 
207; WVig»i,C. J.31.150). 

Prowrti^s .—Crystallises in rhombic or hexa¬ 
gonal plates. Soluble in alcohol, ether, benzene, 
very soluble in chloroform, insoluble in light 
petroleum. Extremely poisonous; the minutest 
particles, inli^led or blown into the eye produce 
excessiuD irritation (W,, C. J. 31, 154; Wright 
C. /. 33, 325). ; Lofvogyrate (D.). 
mRMciiont ,—Slightly alkaline; forms well- 


Cf^tallised salts. Be«olved by heating wife 
alcoholic EOH Into benzoic acid and aooninet 
3N0„ + H,0-0,HA-i0«H„N0„ 
partly mso in the^ame manner by dilute mineral 
acids, 0bt another portion is at the same time 
resolved into water ^.d apoaoonitlne. Acetic 
and benzoic anhydrides convert it into acetyl 
and bonzoyl-apoacouitine (W. a. L.). The 
hijdrobromuh forms crystals containing 
C 3 .,U|aNO,.,HBr, 21 H.O ; the hydrochloritU 
Crt3lf49N0,.^,lICI,3H20, forms with auric chloride 
the salt C;,aH,:,NO,...,nCl,Au Cl», which separates 
in pale yellow amorplious flakes very slightly 
soluble in water (W.). 

A po a c 0 n i f t« fi „NO„ .[180°].—Formed, 

together with benzoic acid and aconine, by pro¬ 
longed boiling of acoiiiiine with sulphuric acid 
(5 p.c.) or with a saturated solution of tartaric 
i aciil. Tho benzoic acid which separates is dis¬ 
solved out by ether and the apoaconitine is pre- 
' cipitated by sodium carbonate, while the aconine 
remains dissolved. Crystals soluble in ether. 

; As poisonous as aconitine. The hydrobromids 
I a„H„N0,„HBr.2‘,H,0 ia crystalline (W. a. L.). 

' /U-c^v/f-o2»ortconiHnc C 3 glI,oAcNO,,.[ 181 °]. 
Holublo in other, sopaivatos therefrom in small • 
crystals. Dissolves easily in acids, forming amor¬ 
phous salts (W. a. L.). Bm^oylapoaconitins 
C,„H,.N(),a = Oa 3 H,„BzO|,, obtained by heating 
aconitine or aconine with BzA), is indistinctly 
crystalline, softens at about 180°, foniis amor¬ 
phous salts. Nitrate nearly insoluble (W. a. L.), 

Aconine C..,ilIgj,NO„ [130°]. Formed, to¬ 
gether with benzoic acid, by the action of aqueous 
alkalis, or more completely by that of alcoholic 
NaOTI, on aconitine (u. sup.). V. sol. water, 
alcohol, alkalis and chloroform, insol. ether. 
Amorphous. Reduces gold and silver ^alts at 
ord. temp., Fchling’s solutiSn when heated. 

NftZfs.-3C,,H,„NO,„2HCl and B',H,SO, 
arc amorjjhous and probably only mixtures. 
B'UClAuCl;, is a yellow llocculfiit pp. B'HIHgl, 
is a wliite flocculcnt pp. (W. a. L.). 

Ajyoaconine, CouHjjtNO,,, is formed by heating 
the hydrochloride of aconine at 140°. 
Cj.,in;,;NO,oTTCi is amorphous, soluble in water, 
precipitated by alkalis. 

2. Picroaconitine C;„H, 3 N,„.—Found by 
T. B. Groves in a commercial aconite root, sup¬ 
posed to bo that of A. Napellus. Amorphous 
varnish, having a bitter taste, but not producing 
any prickly sensation on the tongue. Not 
poisonous. Does not melt at 100°. Salts 
crystallise well. The hydrochlonde contains 
C„H^,NO„.TlC1.3ri,0. The gold sail B'lIClAuCl,, 
is a canary-yelTow amorphous precipitate very 
slightly aolul)le in water (W.). 

Picroaconine C;i,II„NO„. Formed, to- 
gctlier with benzoic acid, by tlfc<? action of alco- 
liolic KOH on picroaconitiDO. Closely resemblei * 
aconine. Forms C 5 j,H„NOBHIHgI.^ (W. a. L.). 

3. P s e u dH 0 0 n i t iue Cg 0,2 [104°-106°], 

The chief basic constituent of the root of 

tum ferox, from which it is obtained by exhaust¬ 
ing with alcohol andi^Eulphurio acid {0*06 p.o. 
of the weight of the alcohol), or with methylated 
spirit (C40 C.C.) containing a little HCIA^(1 o.o.), 
leaving the alcohol to evaporate, precipllating 
the remaking solution with alnmonia, dissolv¬ 
ing the precipitate in ether, and evaporating, 
The crystals which separate ponded 
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n^talUwtI(m kov^ ft mixture ol ether and 
light potroleam» or hj means of the nitrate. 

f Propertw.^M^re soluble in alcohol and ether 
than aconitine; orystallises Jn tran^arent 
needles and sandy crystals; renmins syru^ after 
rapid evaporation. Tho air-dried base contains 
1 mol. HgO, given off at 8(r in a stream of air, 
more quickly at 100°; decomposes, with separa¬ 
tion of water at 130°-140°, Decomposed by 
alcoholic soda at 100° into pseadaconine and 
veratric ooid: 

+ H,0 - C,,H.,NO, + 

at 140° into veratric acid and apopseudaconine, 
By mineral acids it is resolved into 
water and apopseudaconitine; with acetic acid 
it forms ocetylapopseudaconitine. Salts mostly 
amorphous; nitrate Cg^iH^ANO,.^ NOJI 31I.D, 
crystalline. B'HClAuCIs crystallises from alcohol 
in small needles, slightly soluble in cold alcohol. 
B'HIHglaisan amorphous flocculcnt pp. (W.a.L.) 

Apopseudaconitine Cg^H^jNO,, [103°]. 
Formed, together with psoudaconine and veratric 
acid, by heating pseudacouitino with dilute 
mineral acids, or with veratric acid alone when 
psoudaconitine is heated at 100° with a saturated 
aqueous solution of tartaric acid. Crystalhsos ' 
from ether in the same forms as pseudacoiiiliiic. ! 
The nitrate is crystalline. The anrochloruU 
C,JI„NO„HClAuCl 3 crystallises from alcohol in I 
small needles (Wright a. Luff). 

Acetyl-apopaeudacoJiiiim Ca„H,^AcNO, ,aci. ! 
Formed by heating pseudaconitinc at 100° with | 
acetic anhydride or glacial acetic acid, and ' 
separated by agitation with ether. Crystalline. ! 
Nitrate and aurochloride crystalline. Boizoyl- \ 
apopseudaconilhie Ca,jn,„BzNO,,aq. Indistinctly 
crystalline. Nitrate and aurochloride crystallise, 
tho latter from alcohol in anhydrous rosettes 
(W.a.n). • 

Psoudaconine. C,^;H^,NO„ [100°]. 
Formed, together with veratric acid, by heating 
psoudaconitine with dilute mineral nculs, or 
better with alcoholic soda. Light yedlow varnish, 
moderately soluble in watcio forming a strongly 
alkaline bitter solution, which, however, does 
not produce any prickly sensation on tlic tongue. 
Soluble in ether. Forms aniorphons salts. B.> 
duces silver solution and alkaline coi)pcr solution 
when heated.—C.^,II^,NOaHlHgl 2 is a white 
amorphous precipitate (W. a. L.). 

Apopseudaconine C..,JT.,.jN 0^. Fornied, to¬ 
gether with veratric acid, by healing pstuid 
aconitine with alcoholic soda at M0\ Closely 
resembles pseudaconine.~-C.^,H 5 .AcaNO., is an 
amorphous varnish melting below *100°, spar¬ 
ingly soluble in water. Salts amorphous. 
C^H^Bz^NO, is nearly insoluble in water (W. 
ft. L.). 

4. lap acoi^i^ina. In the mot 

'Ol Aconitum Japmiicum. Prepared by o.'chaust- 
ing the root with alcohol containing 1 p.c. 
tartaric acid, concentrating the Ixtract wlien 
adding water, and repeatedly agitating tlie 
filtered liquid with ether to remove resinous 
oonstituents; precipitaiiftg tho alkaloids witli 
lodinm carbonate; agitating it with ether; dis- 
lolving it in aqueous tartaric acid; again 
precipitating it with Na-^CO,, and dissolving in 
ether. The resulting solution when left to 
ftraporate deposited crystals whioli aiter being 
.■ from adhering syrup, were r^>orystallised 


frmn ether, and a<tqr repeated fractional crystal¬ 
lisation gave by analysis numbers agreeing with 
the formula oonfimed by the 

analysis of the gold-salt. The \ydrohroviide 
OfluH^gNjOai 2HBr 6H.^O, and the nitrate 
crystallise well (Wright a. Luff, C. J. 35, 387). 

Japaconin% C.^„H^NO,o, is obtained, to- 
gether with ber zoic acid; by hc-ating japaconitine 
with alcoholic potash; Cu^HpgNjO^, + SILO'S* 
2CjH^O;, + 2C«,jIIj,NO,o. Yellowish varnish, 
easily soluble in ether, alcohol, and chlorofoiia; 
insoluble in water. Forms a mcrcuriodide 
C,,H.,N(),„IIIITgL. 

Jupacoiiitinc and japaconine heated with 
j benzoic anliydiiJe yield tliu saine pioduct, viz. 
j Ca.H;,,,NO,(()C 7 U.O)„ which is tiocculcnt, dis¬ 
solves in ctlior, and does not crystallise. Salts 
non-cryst.allino, nitrate very sparingly soluble in 
water (W. a. L.). 

fl. Lycaconitine C..;H: 4 ,N.O,. 2 aq. Anon-crys- 
tallisable alkaIoi<l obtained fiom wolf’s bane, 
aconitum lycuciminm (Dragendorff a. Spohn, 
J. Ph. [o] 10, 301; a. J. -18, 403). If healed 
with water niider }»r(‘!^.<nro it is converted into 
crystalline lycocionlc aci<l, CuIIipN^O,, and 
two alkaloids, Ii/caconine uiid acolyctino. 

0. Myoctouine, Co;ll;j,,N.I\r>a(j. Is an amor¬ 
phous alkaloid also present in A. lycoctomim. 

H. W. 

ACONITIC ACID C..n,0, i.e. C 3 H,fC() .II)a or 
CO,TT.Cir,.C(CO,H) : CH.CtUT [18G°-187°] 
S. 'l8d> at 13°. S. (80 p.c. alcohol) 60 at 12°. 
Eqnlsciic acid, citrulic acid. Occurs as calcium 
salt in tlie roots and leaves of monk’s-hood 
{Acoultuin KupcUus) and otlier aconites, in the 
herb of Delpiiinium Coiif.olida collected after 
iluwering (^Vicke, A. 00, 08); in tho horse-tail 
{Kqulfictinii jlavialilr) (Baup, A. 77,293); in 
I iniliefoi! (Zanon, A. 58, ‘21; lllasiwciz, 0. pr, 
i 72, -120); in tlie juice of the sugar-cane (Bchr, 

! Ji. 10, 351), and in that of sugar-beet (0. v. 
Jji[‘pnmmi, B. 12, 1010); as calcium and potas¬ 
sium salt in the leaves of Adonis vernalia 
(Liiulcros, A. 182, .”05). 

Ponnation .— 1. By tho action of heat on 
citric acid, or by prolonged l.'oiling of that acid 
witli hydi'ocTloric acid: C.,lLO, —HDtsCuHgO, 
(Dc.'^sjiigJies, G. Tt. '12, 401); more quickly by 
. liealing citric acid with llCl in a scaled fhbe at 
I l.‘5O°-140° (Her”!, J.pr. [2- 8, 372), or by boiling 
! it with HBr (Morcadanfe, f/. 7, 218).—2. In 
[ small <iuanli<y, together with citracouic.acid, by 
I heating citric acid v.itli III in a sealed tube 
! (Kiimincrcr. A. 130, 200). 

Brciyaratum. — GAinQ acid, in portions of 
100 grains ouch, is licated in small flasks pro* 
vided with bent distiUation-tnb(?s ’ met. long, 
till tho whole tube is lined with smafl oily drops, 
ami the residue is heated off a water bath with 
15 g. water till it solidities to a crystalline mass. 
On pulveri.sing tliis mass and treating It with 
pure ether, aconitic acid dissolves and ciirto 
acid is left behind (PawoUcck, A.#179, fbO), 
Huniius {B. 0, 1751) heats citric ^^id at 140° 
for a day in a stream of llCl-gas, dissolves tho 
product in a small quantity of water, evaporates, 
and treats the residne by ihiwollock’s method. 

• Properties and ~C|^8taUisea in 

small four-sided plates, melting at 1^7° and 
resolved at the same time into COj and itaconie 
j acid 0^11,0,; also when heated with waieiyit 
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l?***!^! A 08, 04).' Disaoltres easily In 
apswntaether, whereby i| is distinguished from 
Jitno aeid. Converted by sodium-amalgam into 
tricarballylio acid 0^0, (Hlasiwetz, J. 
1864, 896); Unites with fuming HBr, at 100°, 
forming bromocitrio acid C,H,BrO„and with 
hypochiorous acid,forittingohForooitrio acid 
0||H,C10,. The calcium salt fermented with 
cheese yields suooinio acid (Dessaigncs, 0. B. 
81, 482). 

Salts. The acid is tribasic. The NH„ K, 
Ka, Mg and Zn salts dissolve readily in water, 
the rest are insoluble or only sparingly .soluble. 
The soluble aconitates form, with lead and silver 
solutions, white flocculent precipitates (distinc* 
tion from fumaric and maleic acids). 

(NHilHjA'": nodules or laminm. S. 15-4 at 
16°.—(NH,)jHA"'.—K,A"'2aq. S. 9 at 15° 

(Baup, A. 77, 299). Slender, silky, very deli¬ 
quescent needles; lose aq at 100° and aq at 
190° (Guinochet, C. 11. 94, 4.55). -K 2 irA"' 2aq. 
S. 37'7atl6°: small prisms (G.).—Klf ,A'". S.ll 
at 17°: minute elongated prisms.—Na^A"' 2aq: 
retains its water in a current of air at 60° but 
gives it up at 15° in vacuo.—hi, A'" 2aq: v. 
sol. water; solution is alkaline.—C8nA"'aq: 
gummy; v. sol. water.—Ca,A"^ .8aq: gummy; 
V. sol. cold water, but at 80°-100° this solution 
deposits rhombic prisms, si. sol. cold water. 
The latter gradually dissolve, changing to the 
gummy variety.—Ca 3 A"'j 6aq. S.1-01 at 15° (B.).— 
SrjA^'j 8aq. S. *625 at 16° (G.). Ppd. on boiling 
the solution.—BaH,A'"j: prisms. S. 4-2 at 17° 
(G.).— BajA'", 3aq: gelatinous pp. got by adding 
BaCl 2 to aconitic acid or a solution of an aconi- 
tate.—MgX'j 3aq. S. 10-4 at 17°. Elongated 
octahedra (G.).—COjA'". 3aq. S. 3'5 at 16°. Pink 
powder.—Ni,A'"jaq. Pp. changed by long boil¬ 
ing to Ni,A "'2 eaq.-CdjA'".^ 6aq. S. -113 at 17°. 
Prisms.—Zn,A"'j3aq: insoluble in water — 
PbjA" j 3aq(?): 9ocoulent precipitate (Buchner). 
—Pb,A"' 22 Pb 02 H. 30 : obtained by prolonged 
boiling of the NH,-salt with basic lead acetate 
(Otto, A. 127, 180).—Mn,A'"j 12aq: small 
rose-coloured octahedra, slightly soluble in 
water (Baup).—Ag,A"' prepared by adsling AgNOj 
to the normal ammonium salt, is a thick 
flocculent precipitate, becoming crystalline on 
drying; slightly soluble in water. 

A solution of aconitic acid mixed with ferric 
chloride is precipitated by ammonia, but the 
presence of citric acid even in small quantity 
prevents the precipitation {Bn. 1, 648). 

Ethers. —The ethers of aconitic acid are 
formed by heating the acetyl derivatives of the 
corresponding citric ethers, C 3 H|(OAc)(COJt) 3 , 
at 260 -280°, acetic acid being split off; yield 
76 p.o. of the theotetical (Anschutz a. Klinge- 
mann, B. 18,1953). 

MejA'" (271°) (Hunteus, B. 9,1750); (161°) 
at 14 mm. (A. a. K.) From aconitic acid, MeOIl, 
and'BC.' (ly. 

EtA'" (276°) (Mercadante, 0.1,218); (2.',2°) at 
260 mm. (C8nen, B. 12, 1655); (171°) at 14 mm. 
(A. a. K.). 8.0. ^ 1-1064 (C.); 1074 (Crasso, 

A. 34, 69). From tetra-ethyl citrate and PCI, at 

100° (Conen)i: t 

Pr»A'" (195°) at 18 mm. (A. a. K.) 

Bt-antitds. [217°]. Yellow needles; formed 
byjwiling aqueous aniline aconitato (Michael, 

B. 'ii.uji). 


liO-Bceaitic etW 

CO^t.OH:CH.CH(CO,Et),(?)(248‘')S.G.Hl-060A 
A product of the action of run HCn upon dl-oar^ 
boiy-^ntaoonio(Bther (g. v.). An oil; sol. aloo ' 
hoi or ether (Conrad a. Guthzeit, A. 222, 256). - 
Fsenda-aconiticqtcid 
C02H.CH2.CH(C02H).C".C02H [217°] 
Formed at 180° from propylene tetra-carboxylio 
acid {q. ®.), obtained from bromo-maleio ether 
and sodium malonio ether (Schaoherl, A. 229,95). 
SnK.—Ba,A"'jaq. H. W. 

ACOBIN Cg,H„0„. A glucoside extracted from 
the common reed {Acorns calamus). Sol. alcohol 
or ether; ppd. by benzene team its ethereal 
solution (A. Faust, Bl. [2] 9, 392; Thoms, Ar. 
Ph. [3] 21, 465). 

ACBALDEHYBE v. Acboleix. 

ACBIDINE C„II,N i.e. 

Cil CH CH 



CH N CH 
M. w. 179. [106°] (Bemthsen); [111°] (Fischer 
a. Korncr). V. 1). 6-10 (Graebe, B. 6,15). 

Occurrence. —In coal tar (Graebe a. Caro, 
A. 158, 265). The portion that boils between 
300° and 360° is extracted with HgSOgAq and 
the extract ppd. by ICCr-0,. 

Formation. —1. By heating formyl-diphcnyl- 
amino (23 g.) with ZnCh (45 g.) at 190°-220° : 

H.C0.N(0,H,)3=C„H.N + H20. 

2. From cr.ystallised oxalic acid, diphenyl- 
amine, and ZnCI,at 120°-200°.—3. From chlo¬ 
roform, diphcnylamine, aud ZnClg dl- AlCl,. 
In this way 2 g. of acridine can be got from 
25 g. diphcnylamine. It is better to heat chloro¬ 
form (1 pt.) with diphcnylamine (1 pt.), ZnCl, 
(1 pt.), and ZnO (| pt.), for 8 hrs. at 200° (Fischer 
a. Korncr, B. 17,101). (O.iygNH + CC1,H-H ZnO 
= C|,II,N,HC1 -y ZnOI., + H^O. — 4. By passing 
phenyl-o-toluidine through a red hot tuba 
(Graebe, B. 17, 1370).—6. In small quantity 
(5 p.c.) by heating aniline and ZnCl, with o- 
or p. oxy-bonzoic aldehyde or even with benzoic 
aldehyde (Mlihlau, B. 19, 2151). 

Preparation. —Heat formic acid (50 g. of 
S.G. 1-22) with diphenylaniino (175 g.) and 
ZnCU (100 g.) gradually from 150° to 270°, avoid¬ 
ing evolution of CO. Dissolve the product in 
alcohol, and ponr into aqueous NaOH. Acridine 
and diphenylamino are in the alcoholic layer; 
evaporate this, and dissolve the residue in 
ether; shako the ether with dilute hydrochlorio 
acid. The acridine is then in tire acid solution. 
The yield is small (llcrnthsen, A. 224, 3). 

Properties.—hong needles (from much water) 
or prisms, a: ,5; c = *656; 1: -335, Pungent odour 
anil burning taste. The base and its hydro- 
chloride attack the tongue even when in minute 
quantities. Volatile with steam. Very slightly 
soluble in water. Inlute soluti-rps exhibit a 
characteristic greenish-blue fluori scence. 

Saifs.—(llcrnthsen, A. 224,3; B. 16, 2802 
Graebe, B. 16, 2828; Medicus, B. 17, 196.)— 
B'HCl : yWlow plates, soluble in water impart¬ 
ing a bluiat-green fluorescence.-B'jHjPtCl, i 
•paringly soluble minute yellow no^esr— 



Aummm 




B'^0,8ms ElSl'^yidlot m got byaadtog 

KMinm nitrite to » (olotiOn of ait aoridme aalt. 
^Dg yellov silky needles t si. sol. ether or cold 
fwater, m.sol. hot water, v.e. so^alcohol; some¬ 
what volatile with steam.—BfesO,: fermed 
by adding aqueous SO, to«a solution ot the 
hydrochloride. Yellowish-red needles, v. si. sol. 
water.—B'HNaSO,: got by mixing solutions of 
sodium sulphite and acridine hydroohlorido.* 
Colourless, easily soluble, prisms. 

Piorate. 0„H.NC.H,(N0,),0H. Minute 
yellow prismatic needles. Melts at a high tem¬ 
perature. V. si. sol. cold alcohol, cold water or 
cold benzene. Boiling water partially decom¬ 
poses it (Anschutz, B. 17, 438). 

Acridine forms no carbonate. 

Iteaclums. —1. IlgCl, giv»8 a yellow crystal¬ 
line pp. (C„H,N,HCI),ligCl,.- 2. KjCrjO, gives 
a yellow pp. C„H„NH„CrO,.— B. I dissolved in 
KIAq gives a brownish pp. (C„n,Nnt)„I,.— 
4. lleihiced in alcoholic solution by sodium j 
amalgam to hydro-acridine which is soluble in 
alcohol; at the same time a white powder in¬ 
soluble in alcohol is foiTncd. Uydro-acridine^ 

is not a base. It forms 

prisms, [169°], si, sol. cold alcohol, v. sol. hot 
alcohol or ether, insol. water. Sol. cone. II,SO, 
and reppd. by water, unaltered. It is oxidised 
by Ag.,0 or CrO, back to acridine.—5. KMnO, 
oxidises acridine to a quinolino di-carboxylio 
acid (aeridinic acid) (Qraebo a. Caro,B. 13, 99). 

Octo-hydro-acridine {acridine-oclo-hydridc) 
C,aH„N[84°]. (320°). Colourless plates or tables. 

Formed by heating acridine or hydroacridine 
with HI and P at 220°. — B',HC1: colourless 
tables, soluble in hot water, sparingly in cold 
(Graebe«B. 16, 2831), 

ACBIOINBS,—Compounds haring the general 
formula 

C,H,i I .CaH,. 

\n/ 

They are characterised by basic properties, 
fluorescence in dilute sohnions, capability of 
directly uniting witn Mel, and of forming j 
neutral dihydrides which may readily be re- I 
converted into the original base. v. Buivn- 
iOBiDiBK, METiiYn-ACuiDiNi;, und FiniNvn-Aciii 
wsE. See also Airino-i’iiEKVL-AcnioiNc, Oxv- 
SHENVL-ACmniNK, AjnDO-nYDltO-ACmniNE KETONE. 

ACEIDINIC ACID v. {By. 2;3)-Quikolise-di- 

CABBOXYLIO ACID. 

ACRIDYI-BENZOIC ACID v. Pbunyl aciu- 
KNB GaBBOXYLIC AcID. 

ACBOLACTIC ACID 

O,H,O„».«.CH0.CH.,.CO,H or CH(On);CII.CO.,TI. 
Formed by boiling ethyl fl-cliloro-acrylate 
OHCl: CH.CO.J3t, with baryta water (Pinner, B. 
7, 260; A. 179, ot). The acid is a thick syrup. 
Its silver salt, AgA', blacken s quickly on exposure 
to light, and is m. sol. water. 

ACEOlElH C,H,0, i.e. CH,;CH.CHO. Acrylic 
eUdehyde, Acraldehydc. Mol. w. 66. (62-4°). 

V.D. 1-897. S. 2-6. S.G.\° -841 ; (*„l-4089; 
B«, 26-81 (Brulil). '• 

Formation. —1. By oxidation of allyl alcohol 
CH 3 :CH.GH, 0 H, with platinum-black or chromic 
acid Ihixture.—2. By dehydration of glycerin, 
C,H,0„ and therefore in the destructive distil¬ 
lation of fats_3. By distillatioi^ of acetone 

dibromide; C,H,OBr,=2HBr -t C,H,0.—4. From 


ffl-fodaeetone and diver ayiside (M. SimpMB, 
•T. w. 103, 880).—5. By nploding ethylene with 
a large excess ot olygen, the carbon being 
partly oxidised to CO, which with the ethylene 
forms ecraldehyde, C,H, + CO-C,H,0. This 
effect, however, is produced only by nascent, not 
by ready-formedeCO (E. v. Meyer, J. m. f21 
10,113). ^ 

Preparation.—kohyitoxa glycerin (1 pt.) Is 
distilled with KHSO, (3 pts.), and the vapour, 
after passing over calcium chloride and lead 
oxide to remove water and acrylic acid, is con¬ 
densed by a freezing mixture (Aronstein, A. Suppl. 
3,180).—Obtained also in large quantity as a 
by-produot in the prejiaration of cenanthalde- 
hyde, from castor-oil (Schorlcmmer). 

Properties. —Mobile strongly refracting liquid. 
Vapour extremely irritating to the nose and eyes. 
Taste pungent and burning. It is readily con- 
vci-tod into dis aery 1, awhile amorphous body 
(isomeric or polymeric?), insoluble in water, 
alcohol, acids, and alkalis. 

Beaclions. —1. Oxidised quickly in the air, 
or by silver-solution to acrylic acid, in the latter 
case with formation of a silver speculum; by 
nitric acid to glycollio and oxalic acids (Claus. 
A. Suppl. 2, 118).—2. Converted by nascent 
hydrogen (Zn and HCl) into ally! alcohol, 
C,n,0, isopropyl alcohol, C,H,0, and acro- 
pinacone 2C,n,0 -811,=CjH^b, (Linnemann, 
A. Stippl. 3, 257).—3. With PCI, acrolein yields 
allylcne chloride CjH.Cl, (84-5°), the isomerio 
dihydrochloroglycideorfl-epidiohlorhydrin(102°), 
and trichlorhydrin CyKjCl, boiling at 152°-166° 
(Geuthcr, Z. 1865,24).—According to Bomburgh 
{Bl. [2] 36, 549) the three liquids are allylidene 
chloride Osn,Cl., (85°), its isomeride, (110° cor.), 
and fl-chloro-allyl alcohol CHCl:CH.CH,OH 
(153° cor.).—4. Bromine forms di.bromo-pro- 
pionic aldehyde (q. v.). —6. Acrolein heated vrith 
ethyl-alcohol and its homologues and a little 
acetic acid, yields glycerides; e.g, triethylin 
C,H,(C.,H,),0„ from 1 vol. C,H.O and 1 vol. 
alcohol and 0-5 vol. acetic acid ; trimethylin 
C;|H,(CH,), 03 , from 1 vol. C,H,0, 3 vol. methyl 
alcohol, amV 0-5 vol. acetic acid; and triamylin 
C 3 lI,(C,H|,) 30 „ in like manner. On passingHCl- 
gas into a mixture of acrolein and 2 voL abso¬ 
lute alcohol, diethylchlorhydrin C,n,(C,EQ,C10, 
is obtained as a heavy oil having a sweetish 
cthere.-il odour and S. G. 1-03 at 10-6° (Alsberg, 
J. 1864, 494).—6. Acrolein acts strongly on 
aniline, forming diallylidcne-di-phenyl-di-amine, 
(C.H,),,(C,H,),N,(Schiff, J. 1864, 414). 

Combinations.—1. With Sodium Hydrogen 
Sulphite bydirect combination C,H,0,2NaHSO,» 
CH,.Cn(NaSO,).CH(On)(NaSO,). Crystalline 
nodules. With acids givep off SO, but no 
acrolein. By NH, and Bad, only half the 
sulphurous acid is precipitated as BaSO„ the 
a-sulphopropionio aldehyde remaining in solu¬ 
tion, Sodium amalgam converts it into oxypro- 
pane snlphonic acid. Silver oxidr oximses it 
to a-sulpho-propionio acid (Max MUler, B, 6, 
1441.—Bn. 360). 

2. With Acetic Anhydride. 0JS,O,0,B,O, 

C r C,H,(OAc),. Formed by direcU combination 
1100°. Liquid (180°). S.a.“ I-Offl (Htlbner a. 
Geuther, A. 114, 47). • 

3. With Acetyl Chloride. 0,H,0,30,H,0CIL 
Liquid boiling at I40°-146° (Aronstein). * 



w«tt istftyl Chloride. 

€^:0HiGH01(0UfH5). Fonned together with 
SOr^^>acetal, b^r the action of sodium ethylate 
on aliyiide&e ohioride, CHj:C3.CHCl^ at 120^. 
Liquid. (115®-.120®). 

6. With Ethyl Alcohol. C^H,(,Oj i.e. 
OH,:OH.CH(OH)(OaiV)* FrA" iicrolem hydro- 
ehlorido and sodium ctiiylate: 

OH.,:CH.CHO,HCl + NaOEt» 

Na'Cl + CH,:CH.CII(0II)032t. 

Liquid boiling, with partial decomposition at 
130®. S.G. - O'Olfi. JSolublo in water, alcoliol and 
ether (Geuthcr ft. Cartrncll, ^1. 112, 3). | 

6. With ammonia, acrolein forms a conden- ; 
Bfttion-product C,.II„NO = 2C;,H,0 + NH;,- U^.O, , 
prepared by passing the vapour of anhydrous j 
acrolein into a’eoliolic ammonia (Tlubncr a. j 
Geuthcr, A, 114, 35), or more readily by passing 
the vapour of crude acrolein into aqueous ammo- , 
nia, expelling the excess of ammonia by a gentle 
heat ami precipitating the remaining liqui<l with : 
a mixture of ether and alcohol (Claus. A. 130, ^ 
186).—Eed amorphous body easily soluble in | 
water and in acids, sparirigly in hot alcohol, ' 
insoluble in cold alcohol and in other. Converted 
by dry distillation, tirst into a non-volatilo oxy- 

f enated base (Clans, yl. 158, 222),then intopieo- i 
ine and water (Baeyer, A. 155, 283). Aoroleiii- . 
ammonia unites directly witli bases, forming ; 
brown amorphous sails. Tlie platinochloride * 
(C^HaNOlIClh-PtCl, is ft yellow amorphous pp. j 
Polymerides. l.Mctacroloin (CaH,O)s.[50®J. 
V.D. 6*y. Formed with evolution of hydro;;en, 
when acrolein hydnjchloridc is heated with 
potassium hydroxide (not NaOH). Needle- 
shaped crystals lighter than water, having an 
aromatic odour. Tartly reconverted by distilla¬ 
tion into, acrolein. Volatilises undecomposed 
with aqueous vapour. Insoluble in cold, s})ariug!y . 
soluble in hot water, easily in alcohol and ether. ; 
Exerts only a feeble reducing action on ammo- ' 
niacal silver solution. Not alTcelod by dilute 
alkalis, but changed more or less into acrolcTn ; 
by heating with mineral acids. Does not com- I 
bine with ammonia. Unites with dry IlCl-gas ; 
forming /S-chloropropionic aldehyda I 

CH5C1.CH,.CH0 (Gciither a. Cartlmdl, A, 112, 3). ^ 
2, ^crolein resin. Formed by heating, 
acrolein for a week with 2-3 vol. water at 10()\ , 
as a brown resin v.-hicli begins to melt at lOU®, j 
is moderately soluble in hot water, easily in ’ 
alcohol and in ether. Heated with ammoniucal ! 
silver solution, it reduces the silver in specular 
• form. Reconverted into acrolein at 100^ (G. a. C.). 

8. Hexacrolei'c acid C,.,IU,0^. Formed 
by treating acrolein with alcoholic or aqueous 
potash or with moist silver oxide. Yellow 
amorphous body, insoluble in water, easily 
soluble in alkalis, alcohol, and other. Has a 
slight acid reaction. Salta:NaC,„Hj;30fl: brown 
and amorphous. Ca(C,„I1^30«).,: yellow flocculent 
precipitate insoluble in water and in alcohol. 
BaHwn soR; amorjihous; decomposed by CO- 
(Claus. A. »ttppl 2,120). II. W. 

AUKOLElK . DIPHENYLAMINE v. Di- 

KtEXYL-AHINE-ACBOLRIN. 

ACROLEXN-UREA CAN,0, U. t 

* CON,H,(C3H,). ' 

JPorraed^by the action of acrolein on area In 
alcoholic solution (Leeds, A.O.J* 4, 56; 15, 

)S90). White powder; sol. alcohol, ether, or 


OS,* Other bodiei are also formed (SohUL a 
151,206; 15,1«9$). ^ 

A 0 B 0 £B!K.m-X:i^UrE f m-XYim«A 

iCBOMIIf. A ^ 

AfeOPIKAOOlTE C«H,pO„ 

1. e. OH,:CH.CH( 0 «).CH(OH).CH:CH 2 (160®- 
180®) S.G.i^ ’OO. Formed by action of zinc and 
dilute ILSO 4 upon acrolein (Linnemann, ^1. 
Sitppl 3, 268; L. Henry, J.pK [ 2 ] 9, 477). It 
is extracted with ether. It turns brown in air. 
V. sol. alcohol or ether, insol. water. 

ACBOTHIALBINE. C„H, 3 NS, 5 aq. A base 
produced by the action of ammonium sulphy- 
clruto on acrolein at 0® (Schiif, Bl, [2] 8 , 444). 
lusol. water, v. si. sol. alcohol, ether, or CSj. 

ACEYL-COLLOIBS v. / 3 -Brouo-aciitlio acio. 

ACRYL-AIDEHYDO- PHENOXY- ACETIC 
ACIDC„H,„ 04 i.c.CH 0 .CH:CH.C«H 4 . 0 .CH 2 ,C 02 H 
0 [153®J. VI [100°]. p [182°]. These three acfda 
are prepared by adding a cold aqueous solution 
of aldehyde to a dilute solution of sodium o- 
aldehydo-phcooxy-acctato at 50° (Elkan, B. 19, 
3018). 

ACRYLIC ACID C3H4C2, i.c. CHjiOH.COjH. 
Mol. w. 72. [S®J (110°) (Linncmann, A. 171,294). 
Fon/uitUm. — 1 . By oxidation of acrolein (p. 01 ).-^ 

2. By healing 8 *iodopropionic acid with sodium 
ethylate : CIU.CIL.CO JI i NaOEt*^ 

Nal + Eton + CIL: CII.CO.JI. 

{v. Sflmcider a. Erlcnmeycr, B, 3, 330).—8. By 
lieating j3-iodopropionic acid with lead oxide.— 

4. Togtither with propyl alcohol and other pro¬ 
ducts, by heating allyl alcoliol with KOH (Tol- 
luns, Z. [2J 6 , 457).—5. From iodoform and 
sodium ethylato (Butlcrow, A. 114, 204),—6. By 
dclu'omination of a-£!-dibromopropionio acid 
with ziuc-(luj>t, 

ClId{r.OfIBr.CO.,n-Bi;, = CIL: CHfCOaH. 

7. By lieating dicblorallylene with water: 

CCL: C: CIL + 2ILO = 2HCI ^ GIl,: CH-CO^H 
(Tinner, B. 7, 06).-8. By the distillation of 
hy«]racrylatcs CjHgO,« CjII,Oj{ + H^O (Bcilstein, 
A. 122, 372). 

Brcpamlion .—JlJbrolcin mixed with 3 vol. 
water is poured upon recently precipitated silver 
oxide suspended in water in a vessel protected 
from light; the liquid is heated to boiling; so¬ 
dium carbonate added to slight alkaline reaction; 
and tlic mass, after evaporation to dryness, is 
treated with dilute Rul}iluiric acid. The liquid 
is filtered (hexacrolei'c acid and reduced silver 
remaining on the filter) and the filtrate is dis¬ 
tilled, acrylic acid then passing over (Claus. A* 
Suppl. 2, 117). 

iVo/ijrti'cs.—Colourless liquid having a pun¬ 
gent odour like that of acetic acid; solidifying 
at low temperatures; misciblo with water. 

Itcactkvis. -1, Converted \iy^odiuvi-amalgav% 
and by boiling with zinc and dilute iulphuric 
acid into propionic acid (Linnemann, A, 125, 
317).—2. Fusion with KOH gives formic and acetic 
acids : CjHA + 2H.,0 = CH^O, + C,HA + ^ 

(Erlenmeycr, A» 191, 376).—3. Unites directly 
witii bromine forming op-dibromopropionio acid, 
CH^Br.CHBr.COaH, tfhd with hydnodte acidt 
forming j 8 -iodopropionio acid, CH,I.CHy.CO„H 
(Wislicenus, A. 166, l).-4. Its alcobolio station 
saturated with HOI, yields ethyl /9-ohloropro- 
pionate, €HgCl.CH 2 .C 0203 H, (Linnemann, A* 
163, 96).—& Unites with hypochlor^ 
forming jS-ohl^roigotio 
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<ipL s oH.ca,a +cmi^ mtamornddM 

(li^mkow, B. X% 2327; 18, ^1164). 

I, SaUfl.'--AU except the silver salt are easily 
, soluble in vatef. Give off par^f their noid at 
100'^, leaving basic salts; tbe K‘, Ba>, and Zn< 
salts decomposing in this z^anner oven at ordi¬ 
nary temperatores. —KCgHjOjj is very deliquescent i 
(Clausius).—NaA', microscopic needles. 100 I 
ptfl. cold alcohol dissolve 0 7 pt. of this salt | 
(2otta, A. 192,105). Dissolves easily in 90 p.c. ! 
alcoliol. Melts with decomposition above 250° 
(Linnemann). Conveii,(5d by healing with 
aqueous soda at 100° into the isoiuerio hydra- | 
crylio acid CH^OH.CII^.CO.Jl (Liuiicinaiin, B. j 
8, 1095).—CaA'ji needles (Caspary a. Toliens). i 
*—SrAji small rhombic plates very soluble in i 
water.—ZnA'g: small scales (Clausius). --PbA'^: ' 
shining needles soluble in alcohol.—AgA': floe- 
eulent precipitate crystallising from boiling 
water in prisms (Caspary a. Toliens, A. 1(57, 
240). 

Ethers.—MeA' (80*3°) (Weger) S.G.3*03t. 
From methyl a-iS-di-bromo-propionato, McOH, 
Zn andH-^SO^ (C. a. T.; Kahlbaum, B. 13,2319). 
—EtA' (98*5°) (W.); (101'5°) (C. a. T.). From 
%thyl o.8-di-bromo-propionate, EtOH.Zii and 
H.^SO,.-PrA' (122-9°)(W.). From propyl a-iS-di. ' 
bromo-propionate, PrOH, Zri and H.SO^. —Allyl 
ether. C3H,A7110°-1‘24°) (C. a. T.). “ j 

Other derivatives of acrylic acid are described • 
as ; lJUOMO-ACUVLIC acids, ClILOltO-ACUVLiU ACIDS, ! 
Cnij«Ki)-BROMO-ACUTI.IO ACID, AMIDO-ACRTDIC ACID, 
BuO.M >-IODO-ACItYLIC ACID, loDU-ACUYLIC ACID. ^00 
also Hydracuylic acid. i 

Paracrylio Acids (0aH,02)o-—An acid pro- [ 
bably having this composition is formed l)y the 
action of potassium cyanide on ethyl o-chloro- 
propiona^o at 150^. ^ Short prisms melting at 
180^-182°. Gives a Drown red pp. with ferric 
chloride (Karetnikoif, J. B. 9, 110).- Another 
paracrylic acid is formed by boiling aqueous 
h'iodopropionic acid with excess of silver oxide, 
till the solution becomes coloured, and metallic 
silver begins to separate. •The same acid is 
formed when hydracrylio acid Can,^^ is left in 
contact for several days with 1 mol. bromine.— 
Small crystals melting at 09°; insol. in water, 
slightly sol. in cold, easily in hot, alcohol. Fasiiy 
takes up HI at 157° and is converted into/3-iodo- j 
propionic acid.—The sodium salt is indistiiiclly ; 


;A<ntnrO]f£¥BB.^lntinmient for mHsuHaa 
ohemioal intensity of light. K PntsioAL 
Methods, sect. Optico. 

I ADSirilfS OjH,Nj.3aq. Oooars amongst the 
I decomposition-products of the contents of ali 
growing animal and vegetable cells. Formed, 
amongst other ^rodu(^, by boiling nuclein 
with dilute H^SO^. 

Long rhombic needles (from NHjAq. (V. sol. 
hot water, and in NaOHAq, v. si. sol. Na-^CGaAq. 
Neutral to litmus. Insol. etlier or CHClj.—liy 
nitrous acid it is converted into hypoxanthine 
(Kossol, B. 18, 79,1928; I/. 10, 248). CsIl 3 Ag.N,: 
iusoLNHsAq. (0,H,N..)..TI...SO;2Aq. Si. sol. wa'ler. 

ADIPIC ACID Oil 

Ic. CO,I£.CH,.CII,..Ci[,..CH..CO..H. Mol. w. 146. 
[149°]. S. 1-44 at 15°; S. (ctJjor) *033 at 19° 
(Dieterlo a. Hell, B. 17, 2221); S. 7-73 at 18° 
(Wirz, A. 104, 257). 

Bhniiation .—1. By the oxidising action of 
nitric acid on sebacic acid, and on natural fata, 
e.g. hog’s lard, cocoanut oil, Ac.—the first pro¬ 
duct of the action being scbacic acid, which by 
furtlicr oxidatioji is converted into adipic acid 
(Laurent, A. Cli. [2] 00, 1(50; Dromeis, A. .35, 
105; M.alaguti, A. Ch. [3] 1(5, 84).—2. By the 
action of HI and j)hos]»horus at 140° on mucio 
acid (Crum Brown, A. 12.5, 19), or saccharic acid 
(De la Motto, B. 12, 1572). 3. From muconio 
acid C,jn„0, and sodium-amalgam (Marquardt, 
B. 2, 385).-4. From /S-iodopropionic acid and 
silver atl00°-100°; 2(CH,LClI..CO..H) + Ag.,=. 
2.\gI + {CH.J^(COH).> {Winlirenns, A." 149. 221), 
6. By reduction of di-acelyk-rie di-carboxylio 
acid, CO.dI.C:C.C:C.CO.JI, or of hydro-muconio 
acid, C,ll^(CO.Jl),j, with sodium-amalgam 
(Bacyor, B. 18, 1580*}.—(>. By healing biitane-w- 
tctra-carboxylic acid {Perkin, B. 19, 2010/. 

Prepurailon .—yobacio acid is boiled with 
; nitric a<?.id, whereby it is converted into a mix¬ 
ture of adipic and succinic acids, which are 
soluble ill water. The nitric acid is then eva¬ 
porated off, and the residue crystallised from 
water. It is then fused and the solidific I mass 
is }uilverised and treated with ether, which 
dissolve.s th# adipic acid, leaving a small quan¬ 
tity of succinic acid (Arpiie, /?. 1805, 300). 

i-’ro/ierfiVi-.—Monoclinio lamina*, flat i^fcdlea, 
or feaMicry groups of needles. Sparingly soluble 
in cold water, freely in alcoliol and ether. It 


crystalline, deliquescent, does not melt at 180°. 
The lead salt is soluble in water (Klimenko,/. 11, 
12,102 ). 

Di-aorylic acid C„H„0^. 

At 250° sodium hydracrylate is decomposed 
into water, sodium acrylate, and sodium di- 
acrylato. On treating this mixture with water it 
becomes very hot, and the sodium di-acrylalo 
takes up aq bGi]% converted into para-adipo- 
malato, NajCeHsOy The latter is thrown down 
fts a viacid syrup when an equal volignc of alcohol 
is added. At 200°-250° it loses aq, olinnging to 
sodium di-acrylate, an amorphous deliquescent 
mass, which becomes warm when breathed 
upon, combining again %ith aq. Salts.— 
Na^".-“BaA''.—CaA": from calcic hydracrylate 
fcf220» (Wisliconus, A. 174, 285). 

PBra-adipomalic acid is a syrup. It is 
lodu^d by HI to para-adipio aoidi CgHigO.. 
8aUs.-Na^0AO« aq.—BaA".-^JuA" aq.— 
; ' 0.W. 


i has a tendency to form supersaturated solutions. 

' Convortod into butane by distilling with large 
excess of CaO (Hauriot, C. R. 101, 1156). 

Salts.—The aiimonium salt (NHJ.A" forms 
monociinic crystals resembling angite; a: b: C" 

1 -(588: 1 :-970:> = 82°14'(J.217,113).S.40atl4°, 
I At 150° it gives off all its NH,.—NaA.''2aq.— 

1 Na..A'Haq: very soluble pejitly plates.—K^A".— 
i BaA": wliito pp. S.12 04 at 12°; 7*47 at 100°, 
I SrA"!aq.—CaA"aq. -CaA"2}iq: minute neciUei 
(from' alcohol), giving up Iheir water at 
100° (Laurent, C. B. 31, 351).—M^\'’4aq; 
prisms. S. 25 at 15°.— ZiiA"2aq.—^.V'2aq.— 
CnA"aq.—CiiA"2aq.— PbA" : small* glistening 
plates, S. 021 at 1(5°.—HgA" : white crystalUne 
pp. — Ag.A": small glistening plates, S. ’010 at 
J.4°.—The ferric salt is a brown-re^naoluble pp. 
%or more detailed description of smts v. Dieterlo 
a. Hell. B. 17,2221. • 

Ethyl efker.—Et^A" (245°) (Arppo, 
Xm, 303). 
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iwMl* 0 A(CO^), [Mn S.-44 nStory, Bt. 
48,618 ).—DimtthyUtmide 0,H,{00piHMe), 
[ISIMSST (H.). 0 

Dtrivatives of adipia acid v. Bbomo-abipio 
ACID, OXI-ABirifl AOII). H. W. 

FanMidipla Acid. —Formed by the action of 
HI on psradipimalio acgd, CaH„Oj—a decompo¬ 
sition product of sodium hydraorylate ». di- 
Aca-rno aod.— Syrupy.—ZnCjH,0„3Hj0. Via- 
oidfloooaIentpp.(Wislicenus, 4.174,295). H.W. 

Iso-adipic acid 0 ,H.(CO.,H).,.[192''].S. 1 at 22». 
A product of the action of bromine on the sul¬ 
phate of cyanethine (q. v.). The product is 
extracted with ether; on evaporation this leaves 
an oil which reacts violently with strong NHj, 
forming crystals of the amide of butane dicar- 
boxylio acid, 0,H»(C0NH.;).,. Converted by 
boiling dilute H.SO, or HCl into the acid. 
(E. T. Meyer, J. pr. [2] 2B, 358). 

Properties. —Hows of prisms, or, from hot 
concentrated solution in water, globular aggre¬ 
gates. Begins to sublime at 100“. Keadily 
soluble in alcohol and ether. 

SoZte.—A"H(NH|). Solutions of this salt give 
the following precipitates: Fo,Cl,;, reddish-wliite; 
AgNOj, white; CuSO,, green; Pb(OAo)j, on agi¬ 
tation, prisms crossing one another; HgCh, 
CaCl,, BaOlj give no pps.—A''Ag..—A"Cu.— 
A"Pb, iaq. 

Amide.— (See above.)—Does not melt at 260°. 
Prisms with pyramidal ends (from water). 

Adipic acid C,H,(CO..H)- (Hydro-pyro-ciii- 
ehonie acid) [194°]. Small" white needles or 
glistening prisms; easily soluble in alcohol and 
ether, less in water. Is the child product of reduc¬ 
tion of pyrocinchonic acid CO.dI.CMe:CMe.CO.dl 
or of the reduction of di-chloro-adipic acid 
C0,H.CCIMe.CClMc.C02H. By conversion into 
the anhydride and redissolving in water it is 
converted into the isomeric adipic acid melting 
at [240°]. 

Salts.—CaA" IJaq: very sparingly solulilo 
white silkyneedlcs.—SrA" llaq: sparinglysolublo 
needles.—PbA" 3aq: white crystalline pp.— 
A"Cu: green pp. 

Anhydnife.-W;«>0. fl87°] (Otto 

a. Betkurts, B. 18, 838; Boser, B. 16, 2012; 
lieuckart, B. 18, 2344). 

Constitution.—Prohahly identical with the 
above iso-adipic acid. 

Adipic acid (C,H,(CO.,II)-)„ [210°). Glisten¬ 
ing plates, or prismatic needles. Formed by 
isomeric change from the preceding adipic acid 
[194°] by conversion into the anhydride and re- 
mssolving in water. 

SaM.—Ag.,A'': sparingly soluble white crys¬ 
talline pp. The acid does not give an anhydride 
on heating (Otto a. Beckurts, B. 18, 843). 

Adipic acid 0,H,(CO.,H),, [165°-.167°]. Hi- 
meffiyl-succinic acid {?)—From aceto-acclic ether 
by metnsSif sodium, o-bromo-propionio ether, 
and Mel (Qardtmuth, A. 192,142). 

Salts. —PbA" : flocculent pp.—Ag^A". 

Adipic acid CiHidO, [142°-143°].—From tro- 
pilene (a. v.) and HNOdS.0.1'285) (Ladenburg, A. 
217,140). » «■ 

Soffc.—AgjA".—Ammonium salt forms tri- 
' clinio crystals: a:h'.c^ ’8474:1: •6496 «- 
^° 20'. 8 - 66°W'. 7 - b00° 50', 


OwuWufion.—Probably identical with «-di- 
methyl-Baocinic acid {a .«.), 
CO^.OMe,.OH,.CO^. . 8 

Other laomerides of adipic aetd are described' 
as MAnTi-BTHHi-MiLONIO, PboFIL-MAIiOKIO, ISO- 
PrOPTIi- 1U1.ONI0, ^-METHTIi-SBOCItnO, Elltni- 
SUCCINIC, and Me’chvl-oi.utabic acidb. 

Adipic (?) aldehyde 0,H|jOj.—Formed by 
treating acetic aldehyde with zme-tumings at 
100° 30.AO - HjO = C,H„Oj. Smells Uke wUd 
mint, and appears to be decomposed by prolonged 
distillation, with formation of H.;0 and higher 
condensation products. Unites with alkaline 
bisnlphites, forming crystalline compounds (Bi- 
ban, C. li. 75, 98). H.W. 

ADIPOCEKE.—A fatty substance produced 
in the decomposition of animal substances in 
moist ground; first found by Fourcroy in the 
CimetiCre dcs Innocens at Paris. Consists of 
palmitic, stearic, and oloio acids (Gregory, A. 
61, 302: AVethcrill, /. 185,5, 517). According to 
Ebert (B. 8, 775) it con.sists essentially of pal¬ 
mitic acid, together with margaric and oxymar- 
gario acids, and C|,II,|Oj. TI. W. 

ADIPOM ALIC ACID C,H,„0., is formed by boil¬ 
ing bromadipic acid witli potash, as a viscid mass, 
which becomes crystalline. — PbC„H,0,5H,0. 
White precipitate which dissolves in hot solution 
of lead acetate and separates therefrom in na- 
ereous scale,s. Gives off 211,0 at a moderate heat 
(Gal a. Gay-Imssac, 0. B. 70,1175). II. W. 

Para-adipo-malic acid v. di-AcavLio acid. 

ADIPOTARTAEIC ACID C„U,„0,. Formed 
! by heating pulverulent dibromadipic acid with 
j water at 150°. Moderately soluble in alcohol 
1 and ether. Much more soluble in hot than in 
i cold water, and separates in monoclinio laniinffl. 

! Optically inactive. Holntion agitated ijith KOH 
yields a crystalline pp. Vesembling cream of 
tartar (Gal a. Gay-Eiissac). H. W.' 

ADONIDIK. A glucoside in Adonis vemalis, 
resembling digitalin in physiological action 
(Ccvvello, Ph. [3] 13, 129; Mordagne, Ph. [3] 
16,14.5). • 

ADONINIDINE. A poisonous substance in 
Adonis cnyantaita (Corvello, O. 14, 493). 

AISCIGENIN C,,.1I,„0.,. Formed, together 
with glucose, by passing IlCl-gas into a boiling 
alcoholic solution of tcljcscin [infra) 

0„H,.0, + ILO =. C, ,11^,0, + C,H„0, 
Indistinctly crystalline powder, insoluble in 
water, soluble in alcohol. Strong sulphuric acid, 
in presence of sugar, dissolves it with blood-red 
colour. Acetyl chloride converts it into a 
diacetate (llochlcder, J. 1867, 751). H. W. 

iESCINIC ACID C„H„0,. Occurs in small 
quantity in the cotyledons of ripe horse-chestnut 
seeds. Formed, together with propionic acid, 
by boiling argyncsoin with potAh-lye: 

0.„H„0„ + 2KOH=K0„H„0„ -t KO^.O„ 
and together with butyric acid by similar treat¬ 
ment of aph?oda?scin: 

C„II, A» + =2KC„H„0 „+KOJlfir 

Gelatinous mass, becoming partially crystal- 
line. 

Ilesolved by hydrochloric acid into gluooM 
and teliescin: 

4 HjO 

The acid potassium 
forms silky, needles, 


=, CgHiA ^ligHigO^ 

salt K 0 „H|, 0 ||,C 2 ,H«O|s 
il. sol. water (Bocbledet). 

0. W. 




MiUing M^tonsed^iSctdtion ^ammffoia- 
.vsMiV on moitt Pltuaa^tin: 
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• aH,0,*NH, + 0-H,0+0ANQ. 

jpSoohleler,/. 186^768). 4 ftW. 

SBOX 0 BCIR CiB, 0 „ 3i {ormed tbe 
notion of sodium amalgam 8 b eesoaletm. Dis- 
sohes in allialis with green eoloor quickly 
ehacging to red.. Converted by ammonia into 
BBoiorcein (Eochleder, ibid. 7S1). H. W. 

aSCIOXALlC ACIO C^,0„HjO. Produced, 
together with formic and oxalic acids, sometimes 
also protocatcchuio acid, by boiling icsculetin 
with very strong potash lye. More easily 
obtained pure by boiling icsculetin for seversd 
hours with baryta water in an atmosphere of 
hydrogen. Very minutely crystalline mass. 
Gives with ferric chloride a red-brown colour, 
ohanging to purple-violet on addition of sodium 
carbonate; with ferrous sulphate and a small 
quantity of sodium carbonate, a deep blue 
dolour (Eochleder, J. 1867, 752). H. W. 

aSCULETIC ACID C,H,Oj, 

(.«. C,Hj(OH),CH:CH.C 6 ,fi. Formed by boiling 
assculetin with baryta (Eochleder,/. pr. 60, 211). 

Softs.—BaAV-6PbC„H„0„C,HA- Acids 
which contain the group CH:CH.COJI. such as 
fumario and maleic acids and the coumaric acids, 
are usually capable of existing in two forms, 
one of which can be easily transformed into the 
other. dEsculetic acid and its methyl dcriva- 
■lives are at present known in one form only, but 
tri-ethyl msculetio acid and its ether have been 
obtained in two forms, which are described below 
as derivatives of (o) and (0) icsculetio acid. 

Tri-methyl derivative OjHj(OMe),.C 2 Hi COjH 
[168°). Needles. Solubleinalcohol,ether,benzene, 
and hot water, sparingly in cold water. Formed 
by the aolton of alcotwlio EOH on the following 
body. Its neutralised solution gives pps. with 
AgNOj, CuSO„ZuSO„ and Pb(OAc)» 

Methyl ether CA(OMe),.C,A 2 -COjMo 
[109°). Prisms. Distils undeoomposed at a very 
high temperature. Soluble in aleohol, ether, 
snd benzene, insoluble in water. Formed by 
evaporating dimethylicsculetin (1 mol.) with a 
lolution of NaOH (2 mols.) nearly to dryness 
and digesting the residue dissolved in methyl 
alcohol with methyl iodide (Tiemann a. Will, B. 
Id, 2082). 

(«)-2E8CTOEtio Acid C,H;(On),.CH:Cn.COjn 
Tri-ethyl-derivative C,Hj{OEt)j.CjU 2 .COjn 
[103°). Prepared by saponification of its ether. 
Changes when heated to its boiling point or boUed 
wi& strong HCl into the ( 8 )-isomoride. 

On reduction with sodium-amalgam the tri- 
atbyl-derivatives of both (a)- and (0)- (csculetic 
acid givo the same tri-ethoxy-phenyl-propionio 
acid, 0,Hj(OEt),C|ftCHjCOjEt, and with alkaline 
EMnO, the same tri-ethoxy-benzoio aldehyde, 
OA(OEt),CHO. 

Kthjrl-Ether 0 ,H 2 (OEt),.C,H!<CO,d 3 t 
[(il°], thick yellow prisms, very soluble in alcohol, 
ether, and benzene, insoluble in water; prepared 
by beating di-ethyl-atsculetin with sodium 
ethylate and ethyl-iodide a? 100 °, avoiding an 
noesBot ethyl-iodide and longer heating than 
tour hoprs; on heating to its boiling point 


(l^Te 230°) it changes into the (D)-iBomeride 
(l^fla6,3110). • 

> (d^^MDiano Aon> OA(OH),.OH:CH.CO,H 


n44°}, oMoqrlees sUve^ ciyeialai easily solubla 
maleobtd, ether, and binasne, nearly insoluble ha 
water; focmed bj sapbhiliosiion of its ether, or- 
by heating the (a)-isomer to its boiling point. 

Bthvl-Bther OA(OE‘)i-O.Hi-C 02 Bt 
[76°], ghstening tables, easily soluble in alcohol,. 
eihor and benzd’hop inA)labl 6 In water, distils 
undecomposed above 360®; prepared by heating. 
di'Cthyl-iDSCuIetin with ethyl iodide and Bodinm 
ethylate at 100® for 8 hours; it is also formed 
by heating the (a)>isomeric ether to its boilings 
point (Will, B. 16, 2108). 
iESCVLETIN 

.CH:CH 

CgH^O,. i.e. C„n..(OH),< I 
\0 . CO 

Occurs in yery small quantity in horse-chestnut* 
bark. Formed by the action of dilute acids or 
of emulsin on lesculin (Hoclilcder, J. 18C3, 589). 

l’fei)aralion .—A solution of (csciilin in warm 
strong hydrocliloric acid is boiled till it solidilleB 
to a crystalline pulp; this after washing with 
water is dissolved in warm alcohol; the solution 
precipitated with lead acetate; the precipitate 
of lead-ff'sculotin is washed with alcohol and 
afterwards with boiling water, then suspended 
in boiling water and decomposed by hydrogen 
sulphide; the liquid is filtered at boiling beat; 
and the /osculetin which .separates on cooling is 
recrystallisod (Zweugcr, A. 90, G3J. 

Very thin shining needles or 
scales consisting of C 9 H^ 04 ,H.p; bitter, slightly 
soluble in cold, more soluble in warm, water and 
alcohol, nearly insoluble in ether. Aqueous 
solution exhibits a very faint blue fluorescence, 
considerably exalted, however, by addition of a 
small quantity of ammonium carbonate. Deep 
green coloration with ferric chloride; yellow 
precipitate with lead acetate. iEsculetin dis* 
solves in hydrochloric acid; aud is oxidised by 
nitric acid to oxalic acid. 13y boiling with very 
strong potasii-Iyo, it is converted into formio, 
oxalic, protocntcchuic, and a'scioxalio acids; by 
sodium amalgam into [esciorcinol. 

A hydrate isomeric with 

dapbnetin, occurs in horse-chestnut bark in 
larger quantity than anhydrous SDSOuletin. 1( 
is less solublo in water than the latteif and 
crystallises therefrom in small granules. Sub- 
limes at 203®, and melts above 250®, converted 
into (csculetin by heating at 200 ® in C 02 - 6 ireaza, 
also when crystallised from hot hydrochlorld' 
acid or from absolute alcohol mixed with strong, 
hydrochloric acid (Eochleder, J. 1863, 588h , . ' 

yKsculetin unites with MgO (SoWfP, S* 13,.; ' 
1051), and with solution of lead acetate forms, ’ 
a loznon-ycllow precipitate having the composU 
tion PbCall^O^ (Zwenger, A 93, 63J, 

[134®] formed by treating ssouletin with aeetio 
anhydride and sodium acetate. Ciystallisesfrcp 
alcohol in prisms; from water In nee^es^ diV 
solves In alcohol and ether; is not o^oored by 
ferric chloride; is easily saponifled by heating 
with strong sulphuric acid at 80®to ^® (Kach* 
bauer, A» 107, 248). 

-) BromoiZscuUHns. — C-H^Brj^i, formed 
by treating dibromsscalin witn strong snlphnrlo v 
acid, crystallises from alcohol in yeilowub ^ 
Beeves melting at 233®, ^lightly lolable 





water.-: CUE[,Bi,0«i loimsd by adding bromine 
to a bot solution of ssouletiu in glaoiol aoetio 
aoid, orystaUises from ^oobol in long yellow 
needles, melting with decomposition at 240° 
(Ideberinann a. Enietsoh, B, 13,1691). 

Bi’acetyZ'di-^bromO'OjsculeHn 

formed by acetylatioa of fii-brom-ajsouletin 
orystaUises from alcohol in slender needles. 

Bi-ac 0 tyl‘tri’bromo-<Bsculetin 
0|,HjBr,0, i.e. OJHAOjBrjO,, formed by acetyla¬ 
tion of tri-bromaiscnletin, or by bromination of 
diacetyliesouletin, crystallisos in long very thin 
needles, melting, with decomposition at 180°- 
182°; insoluble in water (L. and K.; Liebermann 
a. Mastbaum, B. 14, 476). 

Methyl-asculetin C„|H,0, i. e. 
C,HA(OH)(OMe) [184°] is formed by heating 
lesouletin (6 pts.) with methyl iodide (15 pts.) and 
EOH (4 pts.) dissolved in a small quantity of 
methyl alcohol till the liquid becomes neutral. 
On treating the product, after the greater part of 
the methyl alcohol has been given off, with 
water and hydrochloric acid, methylaisculetin 
crystallises out, while dimethylicsculetin re¬ 
mains in solntion. 

Shining needles. Soluble in cold dilute 
alkalis and in ammonia, and precipitated there¬ 
from by acids. Decomposed by boiling aqueous 
alkalis like lesculetin. Insoluble in cold, but 
soluble in hot water; easily soluble in alcohol, 
ether and benzene, insoluble in light petroleum 
(Tiemann a. Will, B. 15, 2075). 

Dimethylicsculetin, CnHiA i, e. 
C,H,Oj(OMe), [144°], is deposited from the 
mother-Uquor of the preceding compound on 
addition of ammonia. Shining needles. Easily 
soluble in alcohol, ether, and benzene, nearly 
insoluble in light petroleum; insoluble in cold, 
soluble in hot, water. Dissolved by H.SO, .and 
precipitated by water. H. \\. 

Ethyl-asculetin CjHiOj (OH) (OUt) 
[143°], colourless crystals, soluble in alcohol, 
ether, benzene, alkalis, and hot water, insoluble 
in cold water. 

Di-ethyl-asculetin C,HA.(OEt), 

[109°], colourless silvery plates, soluble in alco¬ 
hol, gther, and benzene, sparingly in hot water, 
insoluble in cold water and cold aqueous alkalis 
,(WiU, B. 16, 2100). 

Constitution. —.Escnletin contains two hy- 
.droxyls, for it forms a di-acetyl derivative. The 
formation of protocatcchuic and of tri-etlioxy- 
propionic acids and of tri-ethoxy-benzoic aide- 
hyefe from scseuletin and tri-ethyl-iesculetio 
acids respectively show them to be aromatic 
bodies. If we compare the formula for cou- 
marin CAA> u&bellifcron, C,IIA **"1 ®sca- 
letin, C,H„0„ we see that the two latter may be 
regarded as oxy- and di-oxy-coumarin. That 
unibelliferon is oxy-coumarin has been proved 
by syntlKsis (Tiemann a. Bcimer, B. 12, 993). 
All three bodies are fluorescent in alkaline solu- 
tion, but methyl-nmbelliferon, C„HjO.,(tlMe) and 
methyl-sssculetin fluoresce more strongly than 
nmbelliferon and tesculetin respectively, while 
di-methyl-Ssculetin, C,HA(OMe) 2 , fluoresws 
most rfrongly of all. ' 

When coumarin (1 mol.) is evaporated with 
^MaOH (2 mols.) and the residue digested with 


MeOH and Mel, It takes up ilte deintats of 
UeiO, becoming methylio'methyl-o-coumarato i 
yCH:CH 

OAK I +2K»H + 2MeI- « 

. \q.co * « 

OA.{OK).OT:CH.COA + H,0 -i- 2MeI - 
OA,(OMo).CHlCH.COAe+H,0 + 2KL 
But two isomerides may be got in this way, one, 
(a), when excess of Mel is avoided and the diges¬ 
tion is for 3 hours at 100°, the other (3) by di¬ 
gesting lor a longer time at 150° (W. H. Perkin, 
C. J. 31, 417; 39, 409). Precisely the same re¬ 
action occurs when di-ethyl-sesculetin is digested 
with NaOEt and EtI, the two isomeric ethers, 
CAi(OEt),.CH;CII.COjEt, being formed, the (a) 
compound when excess of EtI is avoided and 
the heating kept up for only four hours, the (3) 
compound by more prolonged heating. In bott 
cases tho (a) compounds are changed by distil¬ 
lation into tho (3) compounds. These reactions 
indicate analogous structure. 

It is however, remarkable that di-methyl- 
sesculetin does not form a dibromide as cou- 
marin does. 

Parasesculetin.—C,TIsO, (?)•—Obtained by 
treating resculetin with aqueous NaHSO,, at 
boiling heat, then adding rather dilute sulphurw 
aoid and afterwards alcohol, whereby N%SO, is 
first thrown down, and then the compound 
CaH,0„NaIISO„ which when decomposed by 
sulphuric aoid yields hydrated parasssculetin 
0„H«0„2in:0 in indistinct crystals easily soluble 
in water, sparingly in ether, more freely in alco¬ 
hol, less easily in wood-spirit, nearly insoluble 
in acetone and chloroform, soluble in glacial 
acetic acid. Paraa:sculctin exerts a strong re¬ 
ducing action in alkaline solution, throws 
down metallic copper from Fehling’s solution at 
50°-70°, and reduces indigo at ordinasy tempera¬ 
ture. Not attacked by acetic anhydride. Ex¬ 
posed in tho moist state to ammonia-vapour, it 
quickly turns red, then dingy-violet, and changes 
after a few minutes to a sky-blue liquid, which 
when left over sulphuric aoid gives oil ammonia, 
and again turns reu, from formation of esscioroein 
(p. 65). Converted by heating with aniline into 
a;sculetanilide(Roehlcder, J.1863,589; 1867,752). 

C„TIsO„NaHSOa.'H-0 forms small needles. 
According to I.iebermann a. Knietseh {J. 1880, 
1028), the true formula of this compound is 
CdlA.^iiHSOj; it probably therefore contains 
a hydro-insculetin. H. W. 

AiSCULIN CiA.A [204-5°-205°] (H. 

Sohiff, B. 14, 302). -Occurs in tho bark of the 
hor.scchestnut (JEsculus Hippocastanum) es¬ 
pecially in March before tho buds open (Minor, 
B. J. 12, 274 ; Jonas, A. 16, 266). 

Preparation.—1. Horsechestnut bark is ex¬ 
hausted by boiling with water; the extract is 
precipitated with lead acetifte, and the flltrate, 
freed from lead by hydrogen sulphide, is evapo¬ 
rated to a syrup. The (esculin then orystelliaes 
out alter a few days, and may be purified by 
washing with water, and crystallising, first from 
weak spirit (40 p.o.), then from boiling water 
(Pmchleder a. Schwarz, A. 87, 186).->-9. The 
bark is exhausted with weak aqueous ammonia; 
the solution evaporated to dryness; the residue, 
mixed with alumina and exhausted witff alcohol 
of 95 pib.; and the eesoulin which crystallissf 
from the^cohol is agitated with water and 
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•thar, uA finally mshed with benzene lFait- 
tborne, d. JiT. 26, 4). 

» Pn^arto.—Swall prisma, composed of 
0„H„0„2H,0( Bitter, sparingly soluble in cold, 
easily in boiling water, the solltion coa^ilating 
on cooling. 1 pt. dissolriy in 24 pts. boiling 
alcohol. Very slightly soluble in absolute ether, 
soluble in glacial acetic acid and ethyl acetate 
(Ttommedorfl, A. 14, 200). The aqueous solu¬ 
tion is slightly acid, and exhibits a blue iluores- 
cenoe which disappears on addition of acids, 
but is restored by alkalis. Dissolves in alkalis 
more readily than in water. 

Iteactiom. —1. Alsculin is resolved at 230“ 
into glucosan and aisculctin : C| 5 H,„ 0 ,= 
C,H„0,-sC,H,0,(Schiff) ; by digestion with 
dilute mineral acids or by treatment with 
emulsin, into glucose and assculetin (Kochleder 
a. Schwarz, A, 88,3S6); by boiling with baryta- 
water into glucose and lesculctic acid (liocbleder 
J. pr. 69, 211).—2. Converted by sodium- 
amalgam into hydrajsoulin (Kochleder).—3. 
Agitated with a small quantity of nitric acid, it 
yields a yellow solution which assumes a deep 
blood-red colour on addition of ammonia, this 
•reaction affords a delicate test for resculin 
(Sonnen.schein).—3. Cone. H-SO, (4 drops) 
followed by NaOClAq gives a violet colour (Kaby, 
J. Ph. [5] 9, 402). 

Afsculin forms with magnesia, the compound 
2 C, 5 H„ 0 „Mg( 0 H)j, which is yellow and dis¬ 
solves readily in water (Schiff, B. 13,1962). 

Pentacetylasoulin 

C„H.,„0|, i.e. C,,II,,Ac,08. 

Formed by heating assoulin with acetic oxide 
crystallises from alcohol in small needles melt¬ 
ing at 130° (Schiff, A. 161, 73; B. 13,1952). 

Di-bpomo -asculin CijHi.BrjO,. 

Is obtained by gra<fually adding bromine in 
calculated quantity to a solution of icsculin in 
glacial acetic acid. Crystallises from glacial 
acetic acid in small needles; melts and decom¬ 
poses at 193°-105°. Sparingly soluble in alcohol, 
still less in all other soNents (Tiiebermann 
a. Knietsch, B, 13,1694). 

Pentacetyl-dibromo-asculin 
Cj 5 H„Br, 0 ,, i.e. C|,H,BrjAo,0„ prepared in liko 
manner from dibromoisculin. forms slender 
needles, molting at 203°-206°, converted by 
strong sulphuric acid into dibromn'sculetin. 

Pentabensoylasculin C„II„,0,, i.e. 
CijHiiBzjO,, forms nodular groups of crystals 
sparingly soluble in ether, freely in hot alcohol 
(Schiff). 

Trianilsesenlin 

C„H,|N,0„i.c. C|jH„(NC,H,),0„froma!SCulinnnd 
aniline by prolonged heating at 200°. Amor¬ 
phous brown powder, soluble with red colour in 
alcohol (Schiff, jJ.«4, 472). II. W. 

.STIIAL V . Cktyl Alcohol. 

JETHOKIREIN. The yellow colouring matter 
of the flowers of Antirrhinum Linafia. H. W. 

AFFINITY.—Chemical affinity is that pro¬ 
perty of bodies in virtue of which, when brought 
into contact, they react onseach other, forming 
new bodies. It can bo called a force, in so far 
as by its action energy is produced, namely, heat, 
light, Electrical or mechanical energy. And, 
vice verad, energy must be employed (p reverse 
the action of chemical affinity, and to decompose 
the combined substances. 


«r 

N^hinfi is known as yet about the nature of 
chemical afflnity.norhasasatisfsatory hypothesis 
been suggested concefihing it. The oldest oon- 
ceptions concerning the reasons why suMances 
react on each other roach back to Greek philo¬ 
sophy ; nothing has survived of them except the 
name affinity, wjtich preserves the notion that 
those substances which are of the same origin or 
of the same kind, and which therefore are as it 
were related to each other, possess the power of 
mutual reaction. It is now known that the con¬ 
trary of this is more correct. Moreover, the 
reason of the greater or smaller facility with 
which substances react chemically was conceived 
to be somewhat similar to human qualities—sym- 
pathy and antipathy. These conceptions held 
sway as long as the philosophy of Aristotle 
reigned. The breach with these ideas, which was 
brought about by Galileo’s mechanics, intro¬ 
duced mechanical ideas into chemistry also. 
The ultimate particles of substances were ima¬ 
gined as furni ihed with points, edges, and hooks, 
by the aid of which were brought about their 
decompositions and combinations. Sir Isaac 
Newton’s discovery of tho general mutual action 
of masses introduced a new phase into the con¬ 
ception of nature. The idea of an attractive 
action between one small particle and another at 
a distance was introduced by Newton himself 
into chemistry, in order to explain the mutual 
reactions of bodies. He did not, however, con- 
sider tho cause of chemical actions as identical 
with that of general gravitation, but as different 
from it, especially as regards tho law concerning 
action at a di.stance. 

Later investigators. Buffer., Bergmann, Ber- 
thollot, assumed, on tho contrary, that both 
forces are of the same nature, and that only the 
circumstances under which chemical forces act— 
especially the close proximity of tho reacting 
particles -- cause an apparent difference. 

An influence similar to that due to Newton’s 
astronomical discovery was exerted at the be¬ 
ginning of tliis century by a physical discovery, 
that of the electric current. ’The great chemical 
activity of tho current was soon noticed. By its 
help Davy decomposed the alkalis and earths; 
and Berzelius made use of the phenomena of 
electrical decomposition for tho foundation of a 
theory concerning chemical compounds, which 
rested on the supposition that chemical attrac¬ 
tion was nothing but the attraction of the oppo¬ 
site electricities concentrated on the smallest 
parts of substances. 

The clcctro-cbcmical theory of BerzeKua was 
the first chemical theory which was based on 
facts. Owing to this it obtained great import¬ 
ance. Taking into account the needs of the 
time, Berzelius developed his theory only with a 
view towards classification; but it did not con¬ 
tribute anything towards tho investigation of the 
nature of chemical affinity. • 

Tho last great change in the view! concern¬ 
ing affinity took place in the middle af this cen¬ 
tury, and was brought about by Mayer’s and 
Joule’s discovery of the equivalence of ‘ forces,’ 
or more strictly, of * the actions ol forces.* It 
"/as recognised that chemical affinity was to be 
classed with mechanical, electrical, and thermal, 
energy, in so far as it is oonvertiWe into any of 
these, and can be produced from each of &eiv 
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siod« o{ aitioa tit &e foroes ot affinit; to t>$b^r do M engi, but oafy luoh m vaiy in oompoai- 
liaottn aetiona of totos8><iea3ed to exiat, ag a tion withio fliad litoita—wa^rovedto be fala«,< 
gteat man; infeiencea could bo drawn from thia The proof of thia error which cwas giren b; 
experimental'fact, and a special hypothesis did Proust^ Betihol£i’a oompatriot, brought also 
not seem called for. the correct {ottndajjion into discredit. To thia 

Twp different views have bijcn held ooneern- must be added, that in the disooveriea of Bichter, 
ihg the way in which dhemical forces act, and Dalton, and Berzelius, the science found aueh 
each of these has still its followers at the present important and productive tasks that there was 
day. First it was imagined that the force actin,g no inducement to investigate what ot truth was 
between two different kinds of matter is similar left in the partially refuted hypothesis of Ber¬ 
io that acting between two masses; it brings thollet. The idea of ‘ influence of mass ’ ia the 
the ultimate particles nearer together, and, if first, bnt not the only, conception which the 
under the given circumstances this is possible, it science owes to Bcrthollet. This chemist fur- 
produces combination. It would bo diflioult to ther recognised the decided influence of the 
entertain different ideas concerning the simple physical states of the reacting bodies on the 
process of combination. Tlic task becomes far final results of tlio actions of afiinity. He 
more dilllcalt when it is a question of simnita- | taught tliat the simple action, according to the 
neons decomposition and combination. Very measure of ailinity and mass, holds only for 
often a substance acts on another which is a liomogencous mixtures, but holds no longer when 
compound without combining with it as a whole, by the appearance of certain substances in a 
but only combining with one ot its constituent different state of aggregation the chemical eqni. 
parts, and expelling the other from the original librium is disturbed. The influenoo of ‘ cohfsion ' 
compound. Tlio hypothesis indicated above re- and ‘ ilasticM,’ on the results of chemical ao- 
fers those facts to the opposite action ot two tions, wore explained by him perfectly clearly; 
forces, similar to two mechanical forces opposite how first equilibrium is established in the usual. 


in direction and unequal in magnitude, wliich 
prodnee motion in tho direction of the greater. 
It was im.agined that the stronger chemical 
affinity overcame tho weaker, and produced 
chemical action in it.s own direction. 

It was in accordance with tliis conception that 
‘ tables of affinity ’ were compiled which were to 
give an account of the force ot chemical affinity | 
according to its order. Such tables were fir.st 
published in 1718 by H. Geoffrey. They con¬ 
tained, under tho head of any one substance, a 
series of others, all of which could enter into 
chemical combination with the siicoMi.?d body. 
They were so arranged that the preceding body 
would always replace all the following bodies from 
their combinations with the one at tire head of 
the list. Such tables of affinity, which were very 
popular daring the last century, culminaledin tho 
works of Bergmann, who colloctod the ideas in¬ 
dicated above in a theory of affinity. Bergmann 
recognised that substances can readt differently 
aocording to circumstances, and therefore he 
gave t%o tobies for each substance, one for the 
action in aqueous solution—‘in the wet way’; 
(he other for the action at the temper.aturo of 
Ikuion—‘ in the dry way.' Beyond this he kept 
to the idea that chemical affinity always acts 
axolnBively in one direction, so that under all 
oiraumstanccB a smaller affinity is overcome by 
greater. 

To Clande Louis Berthoilet is due the great 
raerit ot having shown this view to be too nar¬ 
row. According to‘’hira, besides ‘the intensity 
: of the forces,’ the ‘mass’ of tho reacting sub- 
^elaneea ia ot importance, in so far as under the 
SiHlme conditions the action is the greater the more 
ibacttng substances there is present.' TouU 
SSHipitiinee qui tend d entrer en combinaism, agit 
|Bt raiton de son affiniti et de sa quantiU' (Sta- 
jpilu* ehimique,f. 2), This is the concise expres- 
V: aion ot the new idea which Berthoilet introduce 
into the theo% ot affinity. But it was reserved foa 
• naoh^ter time to develop this idea Bcienti-\ 
fioally, sinee one of the chief applications which 
itf OBthor made of it—namely, the inleteaeo | 


manner, but is afterwards disturbed by one of 
the substanoos separating out in a different state 
of aggregation; in consequonoe of this, a fresh 
quantity of this substance is formed, and is 
again separated, and thus the process repeats 
itself until tho substance in question—gaseous 
or solid—has been entirely, or almost entirely, 
removed from the changing system. A chemioal 
reaction carried to completion, which had been 
taken by Bergmann to bo tho normal case, ap¬ 
pears, according to Bcrthollet, as the exceptional 
case, and occurs only because of differences in 
the states of aggregation'of the reacting sub¬ 
stances. 

Tho decision between these two fundamen¬ 
tally different views has not yet been completely 
made. Even now, Bergmann’s theory is pro¬ 
pounded by some I'nvestigators, though in a 
somewhat modified form. In place of the 
greater or smaller affinity, the greater or smaller 
production of lieat is considered by these inves¬ 
tigators as decisive of the coarse of a chemical 
action; tho fnnd.amental idea, however, the * ex¬ 
clusiveness ’ of tho reaction, is presupposed by 
them also. In order to explain tho.se partial re¬ 
actions in the opposite direction, which certainly 
occur, those who maintain the theory of Berg¬ 
mann are obliged to admit that such partial re¬ 
actions are possible under certain conditions, 
notably under tho influence of beat. These 
authorities are therefore under the necessity ot 
proving the presence of such special conditions 
in all those cases wherein wevdeal with incom¬ 
plete reactions. Berthollet'a theory, on the 
other hand, by making use of one and the same 
principle, embraces both kinds ot ohemical aa- 
tion, and teaches us to consider the one as the 


limiting case of the other. Apart from this 
logical advantage itjgas another; it allows na 
to apply definite laws, which can be.stated in a 
matbematioal form, to the action of affinity 
taken in oonjanction with the action oft mass. 
But this cannot be done by Bergmann’a tbeoty, 
whether in ita old or in its new form. . « 
'•^BerthoUdt’a viswi nut with ngpeetfOtdaii- 
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oaiBtrj b6ffaD«t time toioHow ftQotber path 
whieh hod becti opened up by Dalton andBor* 
seHua. Thus it was possibleafor theifunda- 
mental fact of the indueno^ of mass, the fact, 
namely, that chemical acti^ decreases and in* 
creases with the relative quantities of the acting 
Bubstahees, to be denied; and it became neces¬ 
sary to prove this fact at length by many special 
eases before it could be regarded as a secure 
property of science. One of the first investi¬ 
gators to whom the merit of this proof is duo 
was H. Kose (P. 82, 515), who showed that in 
the formation of many carbonates of the heavy 
metals, by precipitating agueous solutions of the 
salts of these metals by sodium carbonate, tho 
precipitates contained less carbonic acid and 
more metallic hydroxide tho more water was 
present in the original solutions. It followed 
therefore that the water, according to its quantity, 
expelled the carbonic acid from its combination 
with the metal. Kose found furtlier (P. 91,181; 
95, 96) that when barium sulphato was fused 
with an equivalent quantity of potassium car- 
• bouate it was only partially converted into car¬ 
bonate. If the quantity of potassium carbonate 
was increased, appreciably more barium sulphate 
was decomposed, but only with a proportion of 
6 to 7 equivalents did the decomposition become 
approximately complete. 

Another case of the influence of mass was 
Investigated by Bunsen {A. 85, 131). If to a 
mixture of carbonic oxide and hydrogen a 
quantity of oxygen is added, less than sulliciont 
for the complete combustion of tho two gases, a 
division of the oxygen between the two com¬ 
bustible gases take place. Tho proportion in 
which ttie oxygen Combines with either gas 
depends on the relative masses of those gases. 
Bunsen’s further result, that those proportions 
can be expressed by some small multiples of 
the atomic weights of the gases, has been re¬ 
cognised to bo an error. cDcbus (.1. 85, 103) 
proved in Bunsen’s laboratory the fact of the 
influence of mass on the precipitation of mixed 
solutions of lime and baryta by insufficient quan¬ 
tities of carbonic acid. In 1805 Gladstone {Tr. 
1855, 179; and G. J. 9, 54) proved tlio general 
truth of the influence of mass in various ways. 
His method consisted in using certain definito 
physical properties, especially colour, and the 
rotation of tho plane of polarisation of a ray of 
light, from measurements of which to draw con¬ 
clusions concerning the arrangement of com¬ 
pounds in a homogeneous solution. Thus, by 
comparing the colour of pure ferric siilphocyanide 
witib the colour produced in mixed solutions of 
iron salts and pJtassium aulphocyanide, the same 
amount of iron being present in both solutions, 
be established the fact, that by the reaction of 
three equivalents of potassium %uIphocyanide 
and one equivalent of an iron salt, only 13 per 
oent; of ferric aulphocyanide was formed, and 
that even in the presenc%of 875 equivalents of 
pot^sium Bulphocyanide the whole of the iron 
and not been converted into sulphooyanido. 

By this and similar methods Gladstone esta*^ 
Uished the following laws: , 

:.' 1» When two or more binary compounds are 
-Ipili^d fo tbat fdl rmBing oompoAndB have the 


power o! bn 

poBitive eleitifiQt enters into combination ^th 
each' eleoironegative Element, and does bo 
according to fixed and consti^t proportions. 

2. These propoi^ions are independent of the 
manner in which tho different elmnonts are ini¬ 
tially arranged. They are also not only the 
resultants of tht varies forces of attraction 
between the different substances, but depend 
also on the mass of each of these substances. 

3. An alteration in the mass of one of the 
binary compounds produces a change in the 
quantity of each of the other binary compounds, 
and it does so in a ratio which progresses regu¬ 
larly. Sudden changes occur only when a sub- 
slancc can combine with another in more than 
one proportion. 

4. The equilibrium of aflinities is generally 
established alter a very short time, but in some 
cases the elements attain their final condition 
only after hours. 

5. The resulting effects are completely al¬ 
tered when precipitation, volatilisation, crystal¬ 
lisation, and similar phenomena, occur; in such 
cases tlie equilibrium whicli had been established 
at first is again disturbed by the removal of 
some of the chemically active suf)stance8. 

Ilurcourt and Esson (C. /. [2J 5, 460) ex- 
amiuod the reaction between hydrogen peroxide 
and hydriodic acid, and also that between pota^ 
siuin permanganate and oxalic and sulphurio 
acids. They concluded that ‘ when any substance 
is undergoing a chemical change, of which no 
condition varies except the diminution of tho 
changing substance, tho amount of change oc¬ 
curring at any moment is directly proportional 
‘ to tho quantity of the substance.* 

I The principle, first established by^Steinh^ 

' (.1. 48,153), of determining the chemical com¬ 
position of a homogeneous liquid by means of 
: physical measurements, was put to practical 
' use by Gladstone in various ways. Hismeasuro- 
I ments miglit have served as a direct basis of a 
theory concerning tho influence of mass, 

I such a theory existed. But even the extensive 
j investigations of Bertliollct and St. GileB on the 
' otherificatien of acids and alcohols {A, Ch. 61, 

’ 65 ; 66, 68), by whicli tlie chemical influence of 
mass had been confirmed and the magnitude of 
tills inlJucnco had been measured, did not give 
rise to tho formulation of a mathematical theory 
of affinity. 

Meanwhile a number of theoretical concop!^ ■ 
tions, some of old standing, were pointing ta . 
tho same direction. As far back as 1851,^711- 
liamson (A. 77, 37; and C. <7. 4, 110) in b& 
fundamental researches on etherification, hftl 
propounded a theory concerning the oouree nf. 
chemical reactions, which dfplained, better ^an 
had been done before, the nature of the obeau^ ^ 
influence of mass. According to him, gubstsnoiM 
which react on each other, when in contact or 
mixed together, are by no means is aefttafb cl 
neutral equilibrium, but rather in <me involving 
a continuous exchange of constiftienta. T]^ 
final result of the reaction depends on tho . 
tion in which this exchange of constitnents^a 
I take place most easily and most fAquently. ^ 
state of chemical equilibrium arrived^at un^.: 
any oonditionB ia thus not a statical one, in ; 

the forces balance each other and so no 
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p^ttoe any ^eoii but is ratheif a dynamical At the same time as titesa hypotii^sea eon* 
Bte^inwbiioh two opposite reactions occur ooQ* ceming the mechanism of ohemW processes 
tinually to the same extent, so that the average were developed, Goldberg aad Waage {Etudej0 
state of the system remains Jthe same. sur les Aj^iniUs ehimiquest Chiletiama, 1867) 

Williamson’s theory was accepted for the laid tlfe foondalfon for tne exact development of 
m^ial case for which it had been propounded, the theory of affin^y by establishing a mathe- 
Neithertheauthornoranyofliis contemporaries, matical law for the influence of mass. Their 
however, made an application of it to the general work marks an epoch in the history of aflinity. 
explanation of chemical reactions. Meanwhile, It was they who first gave a possibility of deter* 
hypotheses were developed on an entirely mining numerically the intensity of chemical 
different basis, which agreed with this theory in afimities, though at first only as relative magni- 
a most remarkable manner. These are the tudes. 

views concerning the gaseous state, which, first The law established by these two investigators 

propounded by D. Bernoulli, and afterwards, in* states‘that chemical action is proportional to 
dependently, by Hcrapath, Joule, Kronig, and the active masses of each of the substances 
Clauuus, were developed by Clausius ami Max* participating in the reaction.’ By * active mass * 
well in a mathematically well-fcunded theory of is understood that quantity of the substance 
the states of aggregation. According to this participating in the reaction, measured in 
theory, bodies are made up of molecules, which equivalents or in molecular weights, which is 
are in a state of continual motion. In the case contained in unit volume of the system. This 
<‘f gases this motion is rectilinear, until the is the same idea as underlay the views of 
molecules meet with some resistance, whereby BerthoIJot; it is the same, only freed from the 
they are caused to rebound according to the laws errors which were attached to it in his time and 
of collision of clastic bodies. The velocity of thrown into an exact mathematical form, 
motion increases with the temperature, and is Guldberg and Waage lay special stress on the 
inversely proportional to the square root of the fact that, when the action of Heveral substances*^’ 
molecular weight of the gaseous body. Like- j on each other is proportional to the active mass 
wise, there is motion within the molecules, wliich of each separately, the intensity of the reciprocal 
motion is of the nature of oscillations, the in- actions among the substances ismeasured by the 
tensity of which bears a constant ratio to the product of these masses, 
motion of the molecule as a whole. Moreover, In their earlier paper Guldberg and Waago 
at any specified temperature, the molecules of a developed the equations for the chemical equili- 
homogeneous gas have not all the same velocity, brium of opposite reactions by putting the 
but have different velocities varying from the chemical fofxcs as proportional to the product 
meanvalueinsucbanianncrthatdeviatiousfrom of the active masses. On the other hand, as 
this value are the fewer the greater they arc. proportional to these same forces they put the 
In the case of liquids, the molecules have no velocities of the reactions, i.e. the relation be- 
longer the power of translational motion, but tween the quantity of substance changed and 
are compelled to fill a definite space owing to the time necessary to effect the change. In 
the forces which act between them. In oilier their later papers it was found better to refer the 
respwts the statements made for gases hold good considerations, not to the forces, but to the 
for liquids also, especially those referring to the velocities of the reactions, since these are capable 
differences of condition of the various molecules of exact definition, and to leave out of account 
of a homogeneous substance at a constant t(.‘iii. altogether the somcttliat vague idea of chemical 
perature. The theory has been least developed forces. According to this conception, chemical 
for the case of solids; here it is to be assumed equilibrium results when the velocities of the 
that the intermolccular forces assign to the opposite reactions have become equal, i,c. when 
various molecules very definite relative positions the quantity of substance undergoing a certain 
of equftibrium (v. Aggregation’, States oil’, p. 87). change is equal to the quantity formed by the 
The application of these ideas to chemical reverse process. It is evident that this is the 
proceeses has been made by L, Pfaundler {P. same theory as had been framed by Williamson, 
131,65). It can easily be soon how they directly and developed by I’faundlcr. The empirical 
lead to conceptions which do not appreciably law of the influence of mass thus receives a 
differ from those of Williamson. The molecular reasonable foundation in the molecular theory 
inceptions are, however, a decided improve- of matter. The effect is proportional to the 
inent on those of Williamson, since, in the active mass, because the number of molecules 
differences of the conditions of various mole* which cun react is proportional to the mass, 
pules, they supply g reason for the continuous On these lines Van’t Hoff (B. 10, 669) has de- 
interchangeof atoms which Williamson supposed duced the law of the influcift‘8 of mass. He 
to occur. When the velocity of motion exceeds retains exactly the form given to it by Guldberg 
a certain amount, there will always be present and Waage; and in a later paper (J. pr. [2] 19, 
some moieties in which this velocity is so great 60) these authors accepted this formal improve- 
thM tfie Connection between the atoms is ment. 

loosened o^ destroyed. These molecules are In the following part I propose to give a short 

then ready to interchange their constituent syslcmailc review ofrchemical Idnetics, or the 
atoms, while other molecules, which have a doctrine of the course of chemical actions, and 
smaller yelodty, will not do so. This is the to deduce from it the conditions and equations 
explanation Tor partial reactions. The same (, of chemical equilibrium; further on, theCheo- 
oonceptifns, when slightly modified, lend them- ' retical ooneeptions thus gained will be used ia 
selves to the explanation of the influence of mass the practical determination of the magnitudes of 
to that of reversible reactions. an(|{pti6s. theoretical part is based’ 



m dit pi^ of Childtjerg and Vfsaga me&fioned 
above. A book recently publiabed by Tan’t 
Cofl {Etadet de Pmamiqw chimique) is also 
of importanoeyand nas been of great use to the 
author, though he by no meania agrees wjfh the 
•whole of its contents. , 

Ohemiojui KraBTicB.—Let ns suppose some 
substance to be undergoing chemical change. 
Then in any time, dt, some quantity, dx, ■will 
have been changed. Wo define the velocity of 
the chemical reaction, c, as tlie ratio of the 
quantity changed to the time taken for the 

change, and we therefore put c=^. The quan¬ 
tities of the reacting substances are in every 
case measured by formula-weights. 

The quantity of substance changed will be 
dependent on many conditions. Among these 
we find such as are constant, or can bo kept 
constant, during the whole process. Such are 
temperature, pressure, volume, &c. One condi¬ 
tion, namely, the quantity of substance under¬ 
going change, necessarily varies during the pro¬ 
cess, and we have to find an expression for the 
velocity of the change as a function of this 
•quantity. This may be done by putting 

where the constant factor k represents the con¬ 
stant conditions, and / {x^x.^) the conditions vary¬ 
ing with the quantities a-,, x^. . . . Concerning 
the form of the function / (a:,®..,) information has 
been sought and found in various ways. All 
the results arrived at are concordant, and show 
the function to bo one of direct proportion. This 
result has been arrived at empirically, and also 
theoretically as a deduction from various assump¬ 
tions. Cfuldberg andaWaage did the first; Horst- 
mann, and others after him, showed that for 
certain cases, especially for gaseous compounds, 
the law of direct proportionality between chemical 
action and mass follows as a necessary conse¬ 
quence from the second law of thermodynamics. 
Gibbs has made this result perfectly general. 
The kinotical theory of the constitution of matter 
leads to the same result, by considering the pro¬ 
babilities for the occurrence of those arrange¬ 
ments of particles which make chemical change 
possible. 

Before, however, the proof for the law of 
direct proportion between chemical action and 
mass can bo attempted we must distinguish be¬ 
tween the various types of chemical reactions. 
As a rule, chemical action does not take place in 
the presence of one substance only, but more 
than one is needed to bring about the final result. 
Since the final result is proportional to the mass 
of each separatajy, we have quite generally 

. 

where x„ as,; ah,... a!„ arc the qiAintities of tho 
various substances, and x the quantity of sub¬ 
stance formed by their reaction. All these quan¬ 
tities are measured accor(Jjng to the ratios of the 
molecular weights of the various substances. 

The simplest case is that in which one sub- 
stanso only undergoes change during the r^ac-.. 
tion, or that in which the change of only one 
intetance has to be taken into account. The 
fiist case occurs when, for exampie, a substanne 


ia dsdcmpoa^, or when it nndsr^ss a moleonlai 
trahsfonnation; the second ocenrs when the 
other sabstanccB participating in the leaciionam 
present in such quantities that the diminntionot 
them occasioned bythe obemioalchange is notap- 
preeiable. Since, then, the factors x„x„..,x 
disappear or become constant, we have 


Tho velocity of the reaction at any instant ia 
proportional to that quantity of substance un¬ 
dergoing change which is still within the sphere 
of action. 

This equation was first established by Wil- 
helmi (P. 81, 413) in 1850 for tho inversion of 
cane-sugar. Since that time it has been con¬ 
firmed in many ways. In order to compote it 
with tho empirical results it must be integrated. 
If we put the quantity of substance present at 
the beginning of tho change = <i, then, after any 
time t, a quantity x will be decomposed, and, 
sinco we are dealing with molecular units, x will 
at the same time represent the quantity of the 
product of decomposition formed. The quantity 
x^ of substance present at the time t is (a—x), 
and we have therefore 

| = ( 1 ) 

j£. = k.dl 
a~x 

—log (fz-a*) + constant, 

where log represents the natural logarithm. In 
order to determine the constant of integration, a 
dolinite pair of values for x aud^ must be taken. 
We put both simultaneously equal to zero, 
we begin tho time from the instant when the 
decomposition begins, and thence we get 
—log a ^ constant, and 

log a—log ((Z—a:) = log « kt. 

In order to pass from the natural to the common 
logaritlniis we have only to multiply tho con- 
starit k by its modulus. 

Some series of experiments illustrative of 
this equation will now be given. The first of 
i these refolds to a simple decomposition, the 
j change of dibromosuccinic acid into dibromo- 
maleic acid and hydrobromic acid, ^ 

aH. J}r,(C00H)3=C,IIBr(COOH),+HBr, 
a change which occurs in aqueous solution at 
100 \ This reaction has been studied by Van’t 
Hoff {Etudes de Dynamique chimique^ p. IS). 
Tho progress of tho decomposition can be traced 
by titrating with standard alkali. The amount 
of alkali required for neutralisation before the 
action began was 10*25 (arbitrary units), and 
when the change was finished the amount of 
alkali was 15*32. Tho cicess of alkali used, 
over 10*21, at any stage of tho change is put as 
equal to x, for a we have 6*11, since two 
equivalents of dibromosuccinio acid give one 
equivalent of hydrobromic acid. 
suits are presented in the table given on next pa^ 
The constancy of the Vhlue of shown in 
the last column, furnishes a proof of the truth 
of the equation used. 

A second series of experiments dealing ^th 
the inversion of cane-sugar by means of aol* 
phurio acid is taken from the experimftits of W. 
Ostwald (/.pr* acUon is one of 
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10-53 
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0-0281 

0*0141 
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0-68 

0-0524 

0-0131 
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11-06 

0-84 
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11-26 
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0-0124 

10 

11-65 

1-34 
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0-01.13 

18 
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1-73 
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0-0133 
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0-0142 
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2-31 

0-2612 

00138 

89 

12-84 

2-03 

0-.3116 

0-0143 
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13-03 

2-82 

0-3187 

0-0131 

80 

13-30 

3-09 

0-4027 

0-0135 
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0--1647 

0-0137 

89 
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3-50 

0-6009 

0-0129 
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U-05 

3-84 
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0-0135 

53 

14-32 

4-11 

0-7077 

0-0137 

60 

14*52 
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0-80 Jl 

0-0135 

n 

14-69 
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0-9i.!Gti 

0-0129 

90 

16-03 

4-82 

1-2 Ml 

0-0138 


the type called catalytic, i.6. the substance which 
brings about the change (in this case sulphuric 
acid) does not itself undergo any change. The 
sugar, by taking up water, is changed into 
dextrose and lajvulose. The rotatory povTcr 
changes in the same proportion as the dccom* 
position proceeds; the course of the change can 
therefore be traced by means of the polariscope. 
The original solution rotated 25'^04'; when com¬ 
pletely inverted it rotated — so that the 
tottd angle passed through was this 

number is at the same time the measure of the 
total amount of sugar, and must therefore be 
put For a; wc have the difference 25''^01'— 
where w is the angle of rotation produced by the 
colution undergoing change at time t. 


t (mlQUtes) 

u 

X 

, rt 

Jb 

58 

20°20 

4-84 

0-0C81 

o-ooonso 

114 

10°28 

8-78 

0-1331 

116.9 

197 

1^34 

13-70 

0-2315 

1175 

268 

8®30 

16-74 

0-3052 

1161 

894 

3^35 

21-69 

0-1602 

l!69 

586 

-r-39 

26-I3 

0-69; rj 

11 


experiments have been made fur many 
other oases and have given like results. For 
aon-reversible chemical reactions, which depend 
r OB the quantity of a single substance only, the 
above formula holds good quite gcncr.ally; it can 
however be proved only in the case of reactions 
whiidi are sufficieutly slow to allow of measure- 
nwnt. 

A second main division of chemical processes 
it formed by those which involve the presence 
of two different substances. In such cases the 
general eqifation (1) takes the form 

( 2 ) 

Xwo eases have to bS distinguislied here; either 
the quantities of the reacting substances are 
equivalent with respect to the chemical change 
eonsidered, or one of them is present in excess. 
Pa(Iing<hdte quantities a and b, then either 
i or a > In the ^rst case we have to put 
0 ^mfc,ma-x and we got 

‘^,-k{a-xy ( 8 ) 

. ^ istegratii^ 


dt 

je _ 

a—x ‘ 


.vliem the aratlMti 
9& f^e gatne w 

: cit this 

investigated experimeataUf. Thqexamplegifea 
here series experiments by Ostweld 
27, 1), on the decomposition of acetamide by 
acids, especially trichloracetic acid. ^ This 
change takes place according to the equation: 

CH,.CONH, + CClyCO JI + H jO =. 

CClj.COONH,+CH3.C0.;H[. 

The quantities both of aoetamido and trichlor¬ 
acetic acid diminish, with production of inert 
ammonium trichloracctate, and acetic acid, which 
acid under the conditions of the experiment 
exerts litt'o or no influence on the change, to 
the following table t stands for the time in 
minutes, x for the quantity of ammonium salt 
formed (or, what is the same thing, for the 
quantity of acetamide decomposed) measured in 
units such that the total quantity a=2<!-80. 


t 

X 

X 

a—x 

at 

15 

8-13 

0-13-2 

0-0088 

so 

6-52 

0-2C0 

0-0087 

45 

7-61 

0-397 

0-0086 

60 

9-23 

0-525 

0-0088 

00 

1201 

0-811 

0-0090 

100 

13'83 

1-065 

0-0089 

150 

15*51 

1-375 

0-0092 

ISO 

16-59 

1-623 

0-0090 

240 

18-33 

2-169 

0-0090 


aJi.f 




These results show that the quantity 

dk = \. .® - 
t a-x 

is constant, as is required by theory. 

A second series of expef inients by B. Warder 
(B. 14, 1361) on the saponification of ethylio 
acetate gave similar results. Equivalent quan¬ 
tities of cthylic acetate and soda were mixed, 
and portions taken from time to time were neu¬ 
tralised by dilute aoCd. The quantities of acid 
used— these will bo called s—give the quantities 
of the substances not yet decomposed. In each 
experiment the soda alone would have used 
16-00 c.o. of acid; hence wo have a = 16-00 and 
a: = 10—s, therefore also a—a: •= s 


/ (miimtoa) 

d 

X 

X 

a—x 

ai 

5 

10-21 

5-76 

0-563 

0-118 

15 

6-13 

9-87 

1-601 

0-107 

25 

4-32 

11-08 

2-766 

0-108 

35 

3-11 

12-59 

9-09 

0-108 

65 

2-31 

13-09 

6-94 

0-108 

120 

1-10 

11-9 

0,-55 

0-113 


Again a/c is sufficiently constant. Wbena and b 
are different,'a;, becomes a—x, and a;, becomes 
b—x; then 

^=‘k(a-x)(b-x)=k(x^-(a+b)x+ab} (8) 

the integral of this equation is 




(o-b)W. 


.( 8 ) 


The validity of this equation has been provad h; 
T^ Flood m 6.871). 
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^Cuiw two lypM.df non-ievmtble ebemiosl 
■otioiu vhiolt have been joat oonsidered eom- 
priM all non-reve^ible aetioiu vhioh bare been 
aoenratelT studied. To be consistent, we must 
asenine that in chemloal reaetiwia whiohinvolve 
more than two, aay three, substances, an equation 
oorMsponding with those ^ven ought to hold 
good. Thus when three substances are present 

in equivalent quantities, ^ = /t(a-i)’; and 

But no reaction lias been observed with sufli- 
cient certainty the course of w'liich proceeds 
according to this, or according to a higher, etiua- 
iion. 

Moreover, a complication may arise from tho 
simultaneous occurrence of several reactions. 
For such a case the principle of the ‘ coexistence 
of reactions * is important; this principle states 
tiliat every reaction proceeds as if it alone took 
place. This principle is of paramount import¬ 
ance ; it forms the connecting link between tho 
simple reactions, and those of so-called chemical 
^equilibrium. For tho mathematical cxprc.ssion 
of the coexistence of reactions, when one and 
the same substance is aiTocted by tho various 
changes, wc have tho following, 

+/cV, +k"x,"x"... 

If, however, the coexistent reactions take place 
among different groups, which are themselves 
without effect on each other, tho c«iuation of 
velocity has to be developed for each separately 
without regard to the others. 

No experimental investigation of the law of 
coexistence has as yet been published. Tho 
application of this li^v in the theory of aflinity 
leads, however, to results w’hich agree with ex¬ 
perience, and the law may therefore be cousidered 
to be experimentally proved. 

Beversible Ructions, 

The processes investigated above frequently 
represent only one part of the actual reactions. 
In many cases the substances formed mutually 
react to reproduce the original substances. In 
such cases tho process does not cud with de¬ 
composition; but a permanent final state is 
arrived at in which tho original substances, as 
well as tho products of their double decomposi¬ 
tion, are coexistent. In such a case the final 
system is said to bo in chemical equilibrium. 
Here we have to consider on the one hand the 
velocity of the reaction, on the other hand the 
proportion of the masses for which chemical 
equilibrium results. As aids in the first part of 
this inquiry wo ^R^ve the equations given above, 
together with the principle of coexistence: in 
iuvestigating the second part of tl^ problem we 
have the following <ion(iiiion;—chemical equilU 
hriwn results when the velocities of the opposite 
rtacUons have become equal. 

The establishment of olwmical equilibrium is 
connected with the second type of chemical reac¬ 
tions [equations (3) (4), and (5) (0)], respectively. 
; fhr tire velocity of eajh of the reactions we have 
dsif dsf' ® 


Mid iqiiiUbSiiiii wfa«o 

(fe' 

S’■ 

Th& te the eqaaUqn first established by Qnld- 
berg and Waage. Putting the initial quantities 
ot the substances as p, q, j/, and q', when the 
substances yi' an^q' are formed by the reaction 
of p and q and vice versd, equilibrium wUl re¬ 
sult when a certain quantity { of p and q has 
been decomposed. Then the quantities p— 

+ + ^ are in equilibrium; and { has 

tho same value throughout, since the quantities 
p, q, &c. are measured according to equivalents. 
Tho quantity i may be positive or negative. 

The equation of equilibrium then takes the 
following form:— 

= ( 8 ) 

from which a value for | is found, 


(9) 


, = + <l) v' tq] 

. //'7c'(P + 7) + /(''(// + 2 'V -h'pq 

V 

The minus sign holds when 
and vice versd. 

13y making certain assumptions, this ex¬ 
pression may be considerably simpliffed. If at 
tho beginning of tho reaction the substances p 
and q only are present, in equivalent quantities, 
p~q andp'»* 2 '— 0 , and it follows that 


{=P 


VS 

V 


(9a) 




The equation of velocity takes the following 

form. Tho resultant velocity ^ is tho diller- 

euee of tho partial velocities : 
dx 

■gj’^k'{p-x)(q-x)-li'(p' -^x)[q' + x) (10) 

Introducing a new constant h we have 
f k’(p + q ) + k"(j/ + q') 
ft'-/,"’" 

tho equation can then be brought to the fbrm 
jf = {k'-k"]{i-x)(h-x)i 
and from this by integration, we obtain 

iog5£-y=f(/b'-A7')(A-t) (11) 

The form of this equation is analogous to 
that already deduced for simple reactions , 
(equation (G),p. 72). If nowit is assumed, at 
before, that p —q, and p's^'ao, ( assumes tlM 
simple form given in (Oa) 

a. 

andh=j) —-- , . • 

V • 

The preceding equations are deduotioiii. 
from the laws of tho influenod of mass, and 
the coexistence of chemical reAtions. Both 
■laws are of about the same importooe in tha 
I theory of affinity as the laws of gravitition and 
I the ooexistenoe of motions k* in astropomv- 
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Baeb tndi^doal ^aotiool Mm reilly oomprlwi 
lereid different relatioot; bnt there are eom- 
binatione in whieh so great a part ol the reeult 
depends on one single cans% onlf, that the ob> 
served phenomena may be represented almost as 
if this were the only oanse. And as little as we 
doubt the law of gravitation because the motions 
of the moon cannot yet lie expressed completely 
in equations, so little hare we cause to doubt the 
laws stated above because certain phenomena 
cannot yet be represented as simple deductions 
from them. 

We have hitherto assumed that the constant 
of velocity does not alter its value throughout 
the whole reaction. It is; however, not im¬ 
possible that reactions exist in which the reason 
for the change of k is to bo found in the chemical 
process itself; in such cases the problem be¬ 
comes considerably complicated. 

Chemical Dynamics, 

In general dynamics the magnitude of any 
force is defined and measured by the velocity 
which it imparts to a mass of known magnitude. 
Another way of measuring forces consists in esta¬ 
blishing equilibrium between the given force and 
a force acting in the opposite direction, which 
latter is of a magnitude already known or easily 
determined. This can be considered as a special 
case of the first method, as a case in which the 
velocity duo to the given force is reduced to 
nothing, by means of one equal in magnitude 
but opposite in direction. The second method, 
though not a direct one, possesses all the im¬ 
portant experimental advantages belonging to a 
zero method and is therefore the more usual. ! 
The measurement of the intensity of chemical j 
forces can be accomplished by two methods, 1 
analogous to those employed in general dyna- ^ 
mics. The more usually employed method 
(because of experimental advantages) is the 
statical, or the method of equilibrium, in which \ 
a chemical process is reduced in a certain pro- I 
portion by another action occurring in the oppo- ] 
site direction. This corresponds to the statical | 
method used in measuring mechanical forces. | 
Analogous to the kinotical method, of the method . 
of velocity, is the process of obtaining a measure I 
of the^ntensity of the acting forcesby measuring 
the velocity of the chemical change. The two 
chemical methods are connected in a similar 
manner as the two mechanical methods, since, 
as has been shown above, the equilibrium of 
chemical changes can be regarded as the con¬ 
sequence of the mutual counteraction of changes 
which are equal in magnitude, bat opposite in 
direction. 

Statical Uetheds, 

The first attempts to measure afiinitios were 
made by Wenzel, in 1777 (Die Lehrevon dcr 
ChemUchen Verwandtschaft, p. 28, Dresden, 
17J7). He used the method of velocities, but 
his prOcefe was very imperfect. His experi¬ 
ments relied to tb<q solution of metals by 
various acids. Later experiments dealt almost 
'exclusively with the affinity between acids and 
bases, and were mostly carried out by the method 
of eqnilibrinm. .i 

^Inbions of acids and bases were mixed inri 
proportions such that different acids competed 
an insufficient amount of a base, or vies 


and ftn att^pi vm thm made to delerr 
mins the distribaiion of tns base between the 
competing acids (or vice versd). Ordinary 
analyses could giye no informsttfon as to this 
distrilmtion; since such analyses ooulddetermine 
only tbe absolute quantities of tbe acids and 
bases, and not their distribution. Steinheil (A* 
48, 153) (although with an entirely different 
aim) was the first to show how we must proceed 
in order to get a knowledge of the arrangement 
of the constituents of a solution without inter¬ 
fering with its composition. Since each of the 
constituents of a solution changes the physical 
properties—such as density, refractive index, 
colour, (fee.—of the solution, a knowledge of the 
laws governing these changes indicates how to 
solve the problem, by measuring a sufficient 
number of constants and forming the necessary 
equations. 

It has been already explained how Gladstone 
used these means for establishing a number of 
facts concerning the chemical statics of solu¬ 
tions of salts. He could not, however, utilise 
his measurements further, as there did not then 
exist a general theory of chemical affinity. Such 
a theory was first given by Guldberg and Waago 
{Etudes sur les A^niUs chimiqueSt Christiania, 
1807) and was also applied by thorn to a number 
of measurements. This theory has met with 
such wide confirmation that we hope to be able 
some day to reconcile with it those facts which 
do not appear at present to be in keeping with it. 

J. Thomsen (P. 138, 05) was the first to 
apply the theory of Guldberg and Waage to the 
case of homogeneous solutions. He found that 
sulphuric acid when acting on soda gives a heat- 
production of .31,378gram-units, while nitric acid 
gives 27,234 units only. Now, when sulphuric 
acid and nitric acid simuHaneously act on soda, 
all three substances being present in ecjuivalent 
quantities, three cases may arise. Either the 
sulphuric acid exclusively combines with the 
soda, or the nitric acid exclusively does so, or 
the soda divides itself between the two acids in 
some fixed proportion. In the first case 31,378 
gram-units of heat, and in the second case 
27,234 units, would be produced, while in the third 
case the heat-production would be represented 
by a number between these two. Therefore the 
number found by experiment gives a measure of 
the distribution of the soda between the acids. 

Similarly sodium sulphate is allowed to 
react with nitric asid. If no chemical action 
results there will be no production of heat. If 
the nitric acid combines with all the soda, 
liberating all the sulphuric acid, a disappear¬ 
ance of heat must result, numerically equal to 
the difference between the two heats of neutral¬ 
isation; that is to say, 81,91?9—27,234—4,144 
units of heat will disappear. If, however, a 
division of the base between the acids results, a 
quantity of tfeat less than 4,144 units will dis¬ 
appear. Experiment shows that 3504 units ol 
heat are used ; therefore the soda divides itself 
between the two aciils. 

If no secondary thermal action takes place 
between the substances used in the experiment, 
wo can deduce directly from these numbeis that 

> 0*A5 of the total quantity ol sodium sol* 


3504 

4144 


p^te is decomposed. Free salpborio acid doci^ 
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howaTtr, mot tmlphiite, and the 

action ii accompanied by production of heat, 
fbe extent ot the reaoti(m depends on the 
relatiYd quantities of the reacting substances 
present. Thomsen has measuriM this eStfct for 
a great many proportions, pd has expressed 
his results by the equation: 
n 

Qm — j^;^ .8,300 gram-units of heat; 

where n represents the number of equivalents of ; 
sulphuric acid present for each equivalent of 
sodium sulphate. By the help of this formula 
Thomsen found empirically that soda divides 
itself in such a proportion that | of it goes to 
the sulphurio acid, and \ of it to the nitric acid. 
Calculating the heat production on this supposi¬ 
tion, tlie result is ~3,547; experiment gives 
~ 3,504; the dilference lies within the limit of 
experimental error. 

Guldberg and Waage’s theory gives an ex¬ 
tremely simple expression for this case. Since 
sodium sulphate and nitric acid were present in 
equivalent quantities at the beginning of the re¬ 
action, but sodium nitrate and sulphuric acid 
were absent, we have to put in equation (8) 
psgssl and2>'=2'=0; 
this gives /i:{l - {)■ = 

* _ii_ 

As f is the quantity of soda combined with the 
nitrio acid, and (I—|) that combined with the 
sulphurio acid, it follows that the ratio of tho 
velocities of the reaction is equal to the square - 
of the ratio of distribution. Thomsen calls tho 
endeavour of the acids to combine with bases 
the avidity of tho acids, and defines it by the 
ratio of mstribution. According to this, the 
avidity of sulphuric iLcid is half as great as 
that of nitric acid, or putting the latter »1, the 
avidity of sulphuric acid is *= 0*5. Tho avidities 
are in tho ratio of the square roots of tho 
velocities of reaction. 

Thomsen {Tliermochemis^i4Untr.rs7ichungen, 
i. 803) has made further experiments concern¬ 
ing the avidity of other acids towards soda, using 
a method similar to that described above. Uis 
numbers are given in the following table, where 
the avidity of nitric acid has been put« I'OO. 


Hydroohlorio acid 

= 1-00 

Hydrobroniio „ 

0-89 

Hydriodic „ 

0-79 

Snlphurio „ 

0-49 

Selcnio „ . 

0-45 

Trichloracetic „ . 

O-.lfl 

Orthophosphorio acid . 

0-25 

Oxalic „ . 

0-24 

Monochloracetio „ . 

0-09 

HydrofluoflB „ . 

005 

Tartaric „ . 

0-05 

Citric „ . 

0-05 

Acetic „ 

• 003 


Boric, silicic, and hydrocyanic acids do not give 
any appreciable values. 

Taking the squares of tliese numbers we got 
the relative velocities of the reactions between the 
acids and the soda, which values cannot be ob- 
tained^rectly owing to their ^eat magnitude. 

The question now presents itself as tp whether 
the avidities thus found have constant values, 
or whether they ohange when a baA other J 


I soda is employed. Otiiomsea XQade similar ex- 
I perixnents for hvdrochloric and stUphorio aoi(^ 
using different bases (P. 138, 407); vie. potash, 
ammonia, and magngsia, the oxl^sof manganese, 
iron, cobalt, nickel, zinc, and copper; for the 
avidity of sulphuric acid he obtained numbers 
which increase frem 0*5 up to 0*8, and vary, for 
the alkalis between 0% and 0*67, and for 
the bases of the magnesia series between 0*70 
and 0*81. These results induced Thomsen to 
conclude that the relative avidity of acids de¬ 
pends on the nature of the base. 

Berthelot {A. Ch. [4] 30, 516), however, 
raised the just objection that Tbomsen^s method 
does not allow of tho measurement of the 
relative avidities without the introduction of 
errors. The free sulphuric acid reacts on the 
neutral salt, forming acid sulphate, and thus 
loses part of its active power, and it docs this 
the more the greater the quantity of acid-sal- 
phale which can be formed. 

Thomson’s experiments were repeated by W. 
Ostwald (P. Ergzhd. 8,107; J. “pr. [2] 19, 468), 
who used a different method based on measuring 
the changes of volume which accompany 
chemical reactions in aqueous solutions. The 
volume of tho solution of a salt is different from 
the sum of the volumes of the solutions of tho 
acid and tho base, which by their mutual action 
produce the salt; and further this change of 
volume is different for different bases and acids. 
If we use solutions which contain one gram- 
equivalent of the acid or base per kilogram of 
solution then the volume of two equivalents of 
! soda is 1913*26 c.c., and that of two equivalents 
I of nitric acid is 1933*25 c.c.; tlio sum of these 
; two is 3846*51 c.c.; but the volume of the corre- 
! sponding solution of sodiumnitrateis3886*05c.c., 
j that is to say, 30*54 c.c. more than the sum of 
j the volumes of acid and base, llepetitiou of the 
experiment with sulphuric acid gives an increase 
of volume of 29*90 c.c. only. ITcnce the volume- 
changes can bo used for determining the com¬ 
position of the solution, in the same manner as 
I the heats of neutralisation had been used by 
; Thomsen. Kcsults were obtained by this method 
I exhibiting tlfe behaviour of nitric acid and sul¬ 
phuric acid towards soda; these results agreed, 
entirely with those of Thomsen. Thomsen'a 
conclusion that nitric and hydrochloric acids ar» 
stronger acids than sulphurio. acid—a result 
opposed to the older views—was thus confirmed 
by Ostwald. The same chemist investigated at 
length tho question as to whether the relative 
atlmity of an acid varied with the nature of the- 
basc. By experiments to which Berthelot’8 ob¬ 
jection cannot apply, he arrived at the result 
that the relative avidity ofan^cid is independent 
of the base. Thus with hydrochloric and nitrio> 
acids he found the following numbers :« 

Potash . . 0*97 

Soda . . . 0*96 

Ammonia , • 0*96 

Magnesia • 0*99ft 

Zhio oxide • 0*95 

Copper oxide . ^97 

The differences are not greater thjk the probatffw 
errors of tho experiment, ^ 

f The question concerning the mfiwnoe 
temperature on the relative affinities of aoi^ 
has also been investigated by Ostwald. 







WUeh'bad tot the- voloimetri* 
Vt^biii&^iinth soda. The latioot the avidity 
OV affinity of hydioohlorio |aid to that of nitrio 
aaid towards soda proved to be as follows {— 

At 0° . 1-02 

20° . 0-96 

40° ^ 0*J8 

60“ . 1-00 

In both oases the number for sulphuric acid 
Is not ^uite constant; but, as already mentioned, 
&i8 acid seems to be the stronger the less acid 
aolphate is formed, and vice, versd. 

At a subsequent time Thomsen (Thermoch. 
Unters. i. 89) also attacked the problem of the 
influence of temperature on relative avidities, 
V and arrived at the same results as Ostwald. 

The refraction of light was used by Ostwald 
as another method for determining tho com¬ 
position of a homogeneous solution by means of 
its physical properties. Dale and Gladstone 
{T. 1863, 317), and also Laudolt (P. 133, 1), 
showed that the function v(ii— 1), in which m is 
the refractive index and u the specific volume of a 
liquid body, depends only on tho elementary 
oomposition of the body and not on tlie tempera¬ 
ture, nor (within certain limits) on the chemical 
arrangement of the constituents of tho body. 
Hence the specific volume is inversely propor¬ 
tional to the refractive index diminished by 1, 
and the volume-changes attendant on chemical 
reactions must be aecompanied by opposite 
changes in the retractive indices. Experiment 
has most fully borne out these conclusions. 
The optical method is, however, less accurate 
than tho volumetric method, when the ordinary 
apparatus only is used. 

The numerical results of Ostwald's experi¬ 
ments are collected in tho following table. The 
numbers have the same meaning as those of 
Thomsen given before (p. 75), i.e. they give the 
relative avidities of the various acids, putting 
4bat of nitrio acid »1. 


i-cid 


Thomsen 

Nitrio 


100 • 

1-00 

Hydroehloric . 


0-98 

1-00 

Trilhloraoctio . 


0-80 

0-30 

Diohloracetio . 


0-33 

— 

Uonochloracetic 


0070 

0-09 

Olycolio . 


0 050 

— 

Formic . 


0039 

— 

(Stria . . 


0033 


Acetic . 


00123 

0-03 

Propionic. 


00104 

— 

Butyrio . . 


0'0098 

— 

Isobntyrio . 


0-0092 

— 

Buecinio . .* 


0-0145 

— 

Malio . . 


0-0282 

— 

Tartaric . . 


0-052 

0-05 


* Thonfben’s values,have also been given as 
:fat as thev refer to ^e acids considered here, 
'^ey agree as wsllas can be expected; tri- 
4fl>Iorscetio ac^ atone shows an appreciable 
difference. Tjtiomsen’s number for this acid is 
xindoubtedljr much too small; this has been 
-proved ^yond doubt by other measurements. ^ 
> The ratios of avidities given in the preceding 
^aUa remain the same whether determined tor 


'of th«''&atht«i'^'t]ia-;itiM.'- '■ ■ 

' Beaidea these three nietiiodh vfhloh are iffi 
general application to the oa» of solutions, 
Eomednvestigabers have emplopred others, which ' 
can, however, be used only m special oases. 
Thus Q. Wiedemann (W. 5, 45} has shown that 
from the magnetic properties of ferric salts in 
solution we can argue as to the amounts of these 
salts decomposed by the water into free acid and 
colloidal soluble iron oxide. This method is, 
however, restricted to the case of these special 
salts. A. Muller (P. Ergabd. S, 123) has drawn 
conclusions from the change in colour as to the 
distribution of iron oxide between hydrochloric 
acid and sulphuric acid. Jelett {I. 25, 871) 
determined the relative affinities of codeine, 
quinine, and brucine, by means of the rotation 
of the plane of polarisation, and found for the in- 
fluenco of mass the same law as had been es¬ 
tablished by Guldberj and Waage. The experi¬ 
ments of Dibbits (P. Ergzbd. 7, 462), Brilcke 
{Sitz. W. 77, April 1877), and others, are of a 
more qualitative nature. 

Besides these statical methods, based on the 
determination of the composition of a homo» 
geneous solution, others are available in which 
the chemical reactions take place in heterogeneous 
media, viz. between solids and liquids, or 
liquids and gases, or lastly between solids and 
gases. The theory of those methods has been 
also given by Ouldberg and Waage, and Ostwald 
has developed tho methods for the purpose of 
determining afiinities. 

According to Guldberg and Waage the 
chemical action of solids in contact with solu¬ 
tions is independent of their mass; in other 
words, the chemical mass of the solids is 
constant. Otherwise theelaws of thff influence 
of mass hold good. If, for example, an acid 
acts on the salt of another acid, which latter 
salt is insoluble in water (or more strictly, 
scarcely soluble), and with the base of which the 
first acid forms a esoluble salt, then the same 
equation holds good as applies in the case of 
substances which are all soluble, with this ex¬ 
ception that the term corresponding to the in- 
Bolublo salt becomes constant or independent of 
X. Putting in the equation fc.p .2 ■= fc'.y.q' 
p = hydrochloric acid, and calcium oxalate, 
then p' = calcium chloride, and q' ■= oxalic acid. 

If the experiment is arranged so that hydro¬ 
chloric acid acts on an excess of calcium 
oxalate and that undissoivcd calcium oxalate is 
always present, then at all stages of tho change 
oxalic acid and calcium chloride are present in 
equivalent quantities. Patting the original 
quantity of hydrochloric acid-^1, and that of 
thi oxalate dissolved=t, thee^uation becomes 
J:(l-£)c = *'.(.{; hence 

^ —- 


Id 




where c stands for the constant chemical mass 
of calcium oxalate. In this equation k. Id, slid 
c are unknown, while {can be measured duMth, 
Bepeating the experiment with a different Midi - 
say nitric acid, a new expression of thasto^ 

* -fr- 

1^ • 
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It «btaiaejlt.ii|: nWh « hw iht »an« valse il 
taftnlsg to oaldaia oxftlftte, -wbi«hJt osed ia 
batli wperimentt and«r the Mma oonditiona. 
DiTMing the on* eqaatioO bytbe otbet we get 
thtteltiiTe affinities , . 

_L , 

eipressed in quantities which can all be directly 
measured. This method has been used by W. 
Oslwald and his pupils for determining the 
relative affinities of various acids, and has given 
results which agree well with ttoe found for 
homogeneous solutions. It has great experi¬ 
ment^ advantages over the physical methods, 
as the ordinary methods of olieinical analysis 
can be used. The insoluble, or scarcely soluble, 
salts used were these; line sulphide, calcium 
oxalate, tine oxalate, barium chromate, cream 
of tartar, and the sulphates of barium, strontium, 
and calcium. As a rule the coefficients of 
affinity thus determined for various salts agree 
very well amongst themselves, but there are 
some deviations which are not yet fully explained. 

As an example of the method the following 
numbers are given (J. pr. [2] 28, 493); those 
numbers were obtained by the action of acids on 
calcium oxalate, a substance lending itself 
particularly well to these experiments. Experi¬ 
ments were made both with normal and deoi- 
normal solutions of acids. Nitric acid is again 
put=l. 


Acid 

Normal 

^Normal 

Hydrochlorio . 


1-00 

0-98 

Hydrobromio . 


O'JS 

0-99 

Nitric 


100 

1-00 

Chloric *, 


1-04 

1-00 

Sulpliurio. 


0-70 

0-74 

Formic . 


0-0259 

0-129 

Acetic 


00105 

0-735 

Monochloracetic 


0051 

0-213 

Dichloracetic . 


0-183 

0-188 

Trichloracetic . 


0-012 

0-899 

Lactic 


0-011 

0-133 

Succinic . 


0-0205 

0-093 

Malic 


0-0505 

0-121 

Tartaric . 


0-0402 

0-141 

Citric 


0-030G 

0-144 


The numbers in the first column, which 
refer to normal solutions (one gram-equivalent 
in a litre), agree well with those before obtained 
by the volumetric method. Along with them is 
given a second series referring to solutions ten 
times as dilute. While the stronger acids cx- 
Ubit scarcely any change by the dilution, the 
values for the weaimr acids have increased very 
considerably, and this the more the weaker are 
the acids. We shall consider this phenomenon 
at length later on, and find thetgeneral law 
underlying it. 

Of .further results which have been arrived 
at by this method one must bo noticed as im¬ 
portant, via. that the action SI the acids varies as 
they are present alone or along with their 
Bsatral^Mlts (J.pr. [2] 23, 209). 

( ' . Bmn* such result was to be expected in the 
tMM ef dibasic acids which combine with their 
asntrsl salts to tom acid salt*, alhe mon^ 


lajaie addS), howsTer, exltibit as tendency to 
,o«nbiBe with . their nentral silts, and yet they 
too. show a change which in the base of the 
strong acids, such as hydrochloric and nitric, is 
an increase in thctfilnity. This increase is 
proportional to the quantity of the neutral salt 
present, and decreases rapidly with increasing' 
dilation. This statement does not, however, 
hold for all monobasic acids, but only for the 
strong acids. The weak monobasic acids, on 
the contrary, are considerably more weakened 
by the presence of their neutral salts, and this 
the more the weaker are the acids. These faets 
are of great importance in tlio interpretation of 
experiments undertaken for the purpose of 
determining the relative affinities of acids by 
the division of a base between two competing 
acids. Since in this case the acids always act 
in presence of their own salt.s, this condition 
doubtlessly exerts some inilnence, making the 
strong acids appear stronger and tho weak acids ' 
appear weaker. This shows that too much im¬ 
portance must not be attached to the numerical 
values obtained by tho preceding methods; they 
certainly give the order of the affinities correctly, 
but the numerical values deviate from the true 
value in the sense that tho largo numbers are 
too large and the small values are too small. 
Wo shall BOO later on that other determinations 
of the same quantities, which are more likely to 
give the true values, show deviations in this 
sense from the above numbers. 

Einetical Methods. 

The second way of measuring tho intensity 
of chemical forces is based on determinations of 
tho velocities of tho reactions produced by these 
forces. The theoretical introduction concerning 
this method has been already considered, and we 
have seen that many reactions proceed according 
10 a course which agrees weli with that cal¬ 
culated from the influence of mass. 

This method does not, however, lend itself 
to direct applications to the majority of the re¬ 
actions investigated by the statical method. 
This statement applies particularly to the effects 
of affinity Igstweeu acids and bases, because 
these processes arc of too short duration to 
al low of measurements being accurately gnade 
of their velocities. If, however, tho magnitudes 
in question can be measured by kinetical 
methods, this is because of a general and im* 
portant principle. 

It has been already shown that the nature 
of the base exerts no infinence on the relative 
avidities or affinities of the acids which react 
with the base. If the affinity between an acid 
a and a base b is designated hj f{a, b), then the 
following equations hold gooA: 

f(a,b)J_(a,b') f{a,V ') 

/(S'rt) -/ (J, ■£')“/(a', 6T ^ - 

These equations can be true only it each ex¬ 
pression f {a, b) is the groduct of tvft factofb 
one of which depends on\ie acid only and the 
other on the base only^^B. 6) -= i(Ha).^{4). 

The afihiity between acira^nd bases it 
therefore the product of spec^W aff/nity-oo- 
efficients. All reactions due to a^s and bases 
As such must, on this view, be proportional 
among themselves. From this it foUom that 
processes which, taken by themselves, hay* 
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Mthisg to do «ith the tomaiioa b{, aoltg, nii^ 
be employed tor finding'nomeriiat velaee tor 
theaffinitieB which come into play daring the 
formation of salter provided the reoctione in 
question have been aoeomVlished by the acids 
and bases only. Determinations of the specido 
affinity-coeiHcients of acids and bases are thus 
of the greatest importance, it will be our task 
to show first that the above conclusions are 
verified by experiment, and then to use the 
numbers thus arrived at for drawing further 
deductions. 

The first reaction which was used to check 
the values of the coefilcients of allinity of acids 
determined in the statical way, by means of a 
kinetical method, was the change of acetamide 
into ammonium acelato (Ostwald, /. pr. [H] 
27,1), which lakes place according to the equa¬ 
tion CH,C0NH2 + H,0 = CH,C00Nn,. When 
water only is present the reaction docs not pro¬ 
ceed toa sensible extent, but when an acid is added 
the latter exerts a prcdisiposing inlluencc, and 
the process takes place to the degree which is 
possible under the existing conditions of affini¬ 
ties, concentration, and temperature. 

By ‘ predisposing aflinity ’ is usually under¬ 
stood the cause of reactions between certain 
substances, which reactions could take place, 
but do not actually occur, without the presence 
of another substance, which has affinity towards 
one of the possible products of the reaction. 
In the case just discussed, water and acetamide 
do not react unless an acid capable of combining 
with the ammonia produced (or a base which 
has affinity for acetic acid) is present. The 
strange assumption expressed in the name pre¬ 
disposing affinity, viz. that the affinity of the 
predisposing substance towards a body not yet 
formed induces the other substances to produce 
this special body, has been given up, since the 
molecular theory of Williamson and Clausius, 
as developed by Pfaundler, gives a much more 
simple view of such reactions. When applied 
to the case just considered, this theory tells us 
that the atoms which form the molecules of 
acetamide and water only very seldom get a 
chance of forming ammonium acetate during 
the movements and collisions of the molecules 
in qnestlon, since the forces which tend to re¬ 
tain the original condition of the system are 
greater than the forces which tend towards de¬ 
composition. If, however, a strong acid or base 
>8 added, the forces tending towards decomposi¬ 
tion are correspondingly increased, and, in many 
collisions, inwhich previously no change occurred, 
decomposition now takes place (v, also Meu- 
deldeff, S. 19, 45C). 

The experiments were conducted by keeping 
equivalent quantities of acetamide and acid for 
some time at Co" and 100°. The quantity of 
ammonium salt formed was determined by de¬ 
composing it with sodium hypobromite and 
nRasurinq; the volume qf nitrogen evolved. The 
reaction takes plaoe/-in the presence of acids, 
such as hytltochlo,ric1h.id, according to the equa¬ 
tion, 

CH,CONH, -t HCl = Cn,COOH -t NH^Cl. 

Three difierdCit kinds of molecules arc therefore 
always necessary for the reaction. Moreovera 
only twt substances, acetamide and hydrochloric 


trarsng tba itMWtisn. TSbe water a prssent in 
such excess (about 8001^0 to 1 acl) that the 
change in its mass is unappreoiable. Hence, H 
there are no secondary reaction^ the change will 
proceed acoOr^ng to equations (3) and (4). An 
example in which the actual reaction agrees with 
theory has alreai^ been given. 

But the reaction is by no means free from 
secondary changes. Particularly (as has been 
already noticed), the presence of the neutral 
ammonium salt of the acid added has the effect 
of increasing the strength of strong acids, and 
decreasing the strength of weak acids. Conse¬ 
quently when strong acids are used the process 
is accelerated, compared with its normal value, 
and the acceleration is tho greater the further 
the ehange has proceeded. With weak acids, on 
the other hand, tho process is retarded. Owing 
to tho formation of acid salts, the polybasio 
acids are infiuenced by similar but much mors 
pronounced secondary reactions. All these con¬ 
ditions have to bo taken into account in the in¬ 
vestigation of the progress of the reaction, as is 
seen most conspicuously in the graphical repre¬ 
sentation given in tho original paper. These 
circumstances are disadvantageous if it is de¬ 
sired to make absolute determinations of the 
velocity of the reaction, but they are of advan¬ 
tage in the comparison of the kinetical and 
statical methods, since the results obtained by 
the latter are also influenced in the same way by 
similar sources of error. 

The time taken to convert half the acetamide 
into the ammonium salt was taken as the reci¬ 
procal measure of the velocity of the reaction. 
The velocity in minutes was found to be as fol¬ 
lows :— 


Adil 

A^65® 

At XOi® 

Batio 

Hydrochloric 

721 

4-98 

14-5 

Nitric . 

75-2 

5-35 

14-4 

Hydrobroraio 

740 

5-14 

14-4 

Trichloracetic ^ 

112-8 

— 


Dichloracetic 

433-7 

— 

... 

Monocliloracetic . 

4,570 

— 


Formic. 

28,950 

2,138 

13-6 

Sulphuric . 

180 

14-1 

12-8 

Oxulio . • 

1,516 

118-6 

12-8 

Turtario • 

35,310 

929 

14-7 

Malic . . 

_ 

_ 


Succinic . 

— 

7,976 


Citric . 

44,810 

3,088 

14-5 

Phosphoric . 

— 

3,880 

— 

Arsenic 

— 

4,005 



In order to make these numbers comparable 
with the coefficients of affinity as found by tho 
volumetric method they myat be referred to 
IICl = 1, by dividing tho times corresponding to 
the several acids each into that corresponding to 
hydrochloriotacid. The relative velocities of the 
reaction are thus obtained for hydrochloric acid 
= 1. Further it must be borne in mind that by 
theory the ratio of the affinities is equal to that 
of the square roots ttf the velocities of the reac¬ 
tion. In the following table I have collected the 
acids the relative affinities of which are jmown. 
Under I. are given the velocities of the reaction, 


under H. their square roots, and under UL 
aoiS, undergo an appreciable change of mass j^jglative affinities 








* £&dfoohlotio , 

1-00 

i-00 

0-98' 

Nitrlie . • . 

0-96 

0-98 

1-00 

Eydrahromio 

0-97 

0^8 

0l95 

Triohloracetio . 

0-639 

, 0-80 

0-80 

Sidhloraoetio . 

0-166 

0-41 

0-33 

Monoobloracetic 

0-0169 

0-13 

0-07 

Formio 

0-00266 

0-052 

0-039 

Acetic . 

0-000547 

0-0234 

0-0123 

Sulphuric. 

0-428 

0-65 

0-67 

Tartaric . 

0-00664 

0-076 

0-052 

Malic 

0-00218 

0-0467 

0-0282 

Snccinio . 

0-00065 

0-0255 

0-0145 


The numbers in the two last columns agree us 
well as could be expected. The deviations are 
in the direction of a greater yalue for 11. than for 
III. in the’easG of weak acids. The reason for 
this lies in the fact that in the enunciation of 
the equation of velocity no attention was paid 
to the acetic acid formed in the reaction, by the 
presence of which the change is accelerated. 
This action of acetic acid scarcely comes into 
play when strong acids are employed. 

* The examination of the action of acids on the 
change of acetamide into acetic acid and ammo- 
mum salt has established the connection between 
equilibrium and velocity which is predicted by 
theory; but the reaction employed was not of a 
kind to give completely accurate values for the 
velocity of the change, since too many secondary 
reactions exert their influence on the primary 
process. Another reaction studied by Ostwald 
(J. pr. [2] 28, 419) lends itself better for this 
purpose. This is the decomposition of ethereal 
salts by water in the presence of acids. Aqueous 
solutions gf methyl acetate (or of similar com¬ 
pounds) undergo only very slow decomposition 
at ordinary temperatures; if, however, an acid is 
present the process is greatly accelerated. The 
acid does not undergo a permanent change, since 
at the end of the reaction exactly the same 
quantity of acid is found at was present at the 
beginning. It is doubtless by its aflinityfor the 
methyl alcohol that the acid iulluenccs the rale 
of the change, lipredisposes in the sense already 
explained, only the compound which the acid 
forms with the methyl alcohol cannot exist in tlie 
presence of the great excess of water. The che¬ 
mical process is represented by the equation 
CHjCOOCIl, + ILO = CUsOH + CH3COOH. Two 
substances are required; but the quantity of 
water is so great that its change need not be 
taken into account. Equations (1) and (2) must 
therefore hold good. This conclusion is verified 
by experiment. Thus for example 10 c.c. of nor¬ 
mal hydrochlorie^cid were mixed with 1 c.c. of 
mothylacctate ana diluted with water to 15 c.c. 
One c.c. of this solution required for neutvalisa- 
tiun 13*83 c.c. of baryta. Owing to ^lo decompo¬ 
sition of the methyl acetate the acidity increased; 
the results are given in the first table of next 
column. The numbers in the last line repre¬ 
sent the results when the^ccomposition was 
completed. 

In the third column, under x, is given the 
increalb in the number of o.c. of baryta used to 
neutralise the acid; the values in uHs column 
are always proportional to the quantify of methyl-^ 


'^oMateddoomposed* The last valoe 14*11 gi^ 
tbe qitantSf^ a ifi th4 equ^on 

• a 

Calculating tha expression log (for simpll. 

city's sake in ordinary logarithms), and dividing 
it by the time t, i>(=th* coefficient of velocity) 
is obtained; the value of k is given in the last 
column; it is nearly a constant. 




X 

i 

After 14 minutes 

11-25 

wm 

0-00209 

34 „ 

15-47 

2-14 

0-002H 

59 „ 

16-85 

3-52 

0-00212 

89 

18-24 

4-91 

0-00209 

119 

19-48 

6-16 

0-00209 

169 „ 

20-92 

7-59 

0-00211 

199 

22-15 

8-82 

0-00214 

239 

23-10 

9-77 

0-00214 

299 

24-21 

10-88 

0-00214 

399 

25-46 

12-13 

0-00214 

5.39 „ 

20-42 

13-09 

0-00213 

00 

27-44 

14-11 

— 


The same method was used for determining 
the velocity of decomposition of mcthylacetate 
by many other acids; the coefficients, referred 
to HCl=1, are collected in the following table:— 


Acid 

I. 

II. 

Hydrochloi-io . 

1-00 

1-00 

Ilydrobromio • . 

0-98 

0-99 

Hydriodio • • 

0-96 

0-98 

Nitric • • • 

0-92 

0-96 

Chloric • . 

0-94 

0-97 

Sulphuric. 

0-517 

0-739 

Methylsulphuric 

1-00 

1-00 

Kthylsulphurio. 

0-99 

0-99 

Propylsulphuric 

0-98 

0-99 

Isobutylsulphuric 

0-97 

0-98 

Isoamylsulphurio 

0-96 

0-98 

Etliylsulphonic. 

0-98 

0-99 

Isethionio. 

0-98 

0-99 

Ilenzenesutphonio . 

0-99 

0-99 

Formic 

0-0131 

0-11,5 

Acetic • • 

0-00345 

0-0587 

Propionic . 

000304 

0-0551 

Butyric • 

0-00299 

0-0651 

Isobutyrio. 

0-00208 

0-0618 

Monochloracetio 

0-0430 

0-208 

Bichloracctio . 

0-2304 

0-480 

Trichloracetic . 

0-682 

0-826 

Lactic 

0-00901 

0-0949 

Hydroxyisobutyric . 

0-00921 

0-0960 

Trichlorolactio • 

0-069 

0-268 

Pyruvic . 

0-067 

0-259 

Oxalic • • • 

0-1716 

04.30 

Malonio • • • 

0-0287 

0-169 

Succinio . . 

0-00496 

i)-0704 , 

Malic . . 

MkO-OllSl 

>1086 

Tartaric . 


,0-1515 

liaccmic • • 


0-1616 

Citric . . 

0-0xli|i 

0-1279 


. In the second column I have gii en the square 
plots of the velocities of reaction; thees nune- 
'bers ought to bo proportional to the affinities, if 






D Mbondary m^dai. ^ 

jarink theM namben mth those altead}’ ob> 
tainea, the same order of affinities appears, bat 
'in' this case the values are*more nearly equal. 
Iffiis agrees entirely with what had been ex- 
paoted; for it has been often emphasised that, 
osring to the presence a!, neutral salts, the stati¬ 
cal methods make the strong acids appear too 
strong, and the weak acids appear too weak. 
Hhe numbers found in the present case can 
therefore be justly considered as approaching 
nearer to the true coefficients of affinity than the 
previous values. 

It is of special interest tliat a reaction snch 
as the catalysis of methyliicct.atc, which is only 
very remotely connected with the process of the 
formation of salts, is yet doubtlessly brought 
about by that very property of acids which pro¬ 
duces the latter class of reactions. This leads 
to the conclusion that the numerical values of 
all reactions exhibited by acids as such depend 
on t*hat one property which till now has been 
aomewhat vaguely termed the $trength of the 


Acid 

I. 

ir. 

III. 

Hydrochloric. 

1-00 

1-00 

1-00 

Hydrobromic. 

1-111 

1-05 

0-99 

Nitric . 

1-000 

1-00 

0-90 

Chloric . 

1-035 

1-02 

0-97 

Snlphnrio 

0-530 

0-732 

0-739 

Ethylsulphurio 

1-000 

1-00 

0-99 

Isethionic 

0-918 

0-90 

0-99 

Ethylsulphonic 

0-912 

0-95 

0-99 

Benzenesulpbonic . 

1-041 

1-02 

0-99 

Formic , 

0-0153 

0-124 

0-115 

Acetic . 

0-00190 

0-0032 

0 05 S 7 

Isobutyrio 

0-00335 

0-0579 

0'0/j18 

Monocblorocetic . 

0-0484 

0-220 

0-208 

Hichloracetic. 

0-271 

0-521 

0-480 

Trichloracetic 

0-754 

0-808 

0-826 

Glycolic 

0-01308 

0-114 

— 

Hactio 

0-01000 

0-103 

0-0949 

Methylglycolic 

0-01815 

0-135 


.Ethylglycolic. 

0-01372 

0-117 

— 

■Hethyllactio . 

0-01390 

o-ns 

— 

Pig|ycolio 

Pyruvic. • 

0-0207 

0-103 

— 

0-0049 

0-255 

0 - 2.59 

Glyceric 

0-01715 

0-131 

— 

Oxyisobatyrio 

0-01002 

0-103 

0 - 09 C 0 

Oxalic . . 

0-1857 

0-430 

0-430 

Ifalonic. 


0-175 

0-169 

Succinic 

0-0545 

0-0738 

0-0704 

Fyrotartaric . 

0-0107 

0-103 

— 

Malio . . 

0-0127 

0-113 

0-109 

Citric . . 

0-0173 

0-131 

0-128 

Phosphoric . 

0-0021 

0-249 

— 

Arsenic . 

0-0181 

0-219 

— 


acids. Id ordei to verify this assumption 
dstwald [2] 29^/^85, [1884]) investigated 
another process whi^t is not connected with the 
fonnation*of sal^jj^li., the inversion of cane 
sugar. The rejt^aoo proceeds, as in the case 
U msthylacojSite, by the addition of water— 
= 2C,H,.,0,—without an appa¬ 
rent intervention of an acid. Tet it takes place, 
only irfthe presence of acids. It is a catalytiJi 
reaction in &e same sense as that already con- 


undMgoM sbangSrtluf sameeatOttiotth^Lgoi^: 
As sn szample has already been giv^ vraiel% 
shows that the prooeja is repreqpnted b^ equa¬ 
tions flj and (!}}, the velocities of inversion an 
now ^en direcUy (v. table in last column). 

In the second Solumn are given the square 
roots of the velocities of inversion, in the third 
column the corresponding values for the cata¬ 
lytic change of methylacetate. The agreement 
is evidently sufficiently great to prove the iden¬ 
tity of the causes which produce the inversion 
of cano sugar and the decomposition of methyl 
acetate. This agreement also forms the com¬ 
plete experimental verification of the assumption 
I that there exist constants of specific aotivity,- 
! which numerically determine all the manifesta- 
I tions of affinity exerted by acids as such. The 
j numliers found for methylacetate and for cane 
: sugar represent these constants with groat ex¬ 
actitude. The process of the inversion of cane 
sugar had been already used by Lowenthal 
and Lenssen (J. pr. 85, 321, 401) for the pur¬ 
pose of measuring constants of affinity. These 
chemists did not, however, deduce the constants 
of inversion from their experiments, although 
the theory of inversion had been establislied long 
before by Wilhelray (i’. 81, 413), nor did they 
give a proof of the fact that there are other 
chemical reactions which proceed according t<> 
a course analogous to that observed by them in 
the inversion of cano sugar. 

Besides the chemical methods for the deter* 
minalion of the affinities of acids, there is yet 
another method which, by means of physical 
measurements, allows very accurate determina¬ 
tion of these values to be made. It has been 
proved beyond doubt that the electrolytic oon- 
j dnetivities of acids arc (Josoly connected with 
their chemical properties j so that this conduc¬ 
tivity is proportional to the velocity of the 
reactions produced by the acids. As the elec¬ 
trolytic conductivity can easily bo measured to 
a high degree ot^oouraoy, we have here a 
method of much importance for the solution of 
the problems connected with affinity. The exist¬ 
ence of this relation was first recognised and 
enunciated by \V. Hittorf {W. 4, 391), who hl^ 
however, almost no measuromeuts at his dis- 
posal. Arrhenius {I3ijh. K. Svensk. Vet. Ak. 
Hand. 6, Nos. 13, 14 (1884)) developed a theory 
of the chemical changes among electrolytes, 
starting with the supposition that the power of 
conducting elcctrolyLically and the power of 
participating in chemical reactions were iden¬ 
tical. 

This theory leads to equations which agree 
with those of Goldberg and Waage. Finally W. 
Ostwald has considerably irngreased the some¬ 
what scanty material availamc for comparisons 
between the power of inducing chemical reao-, 
tions and olectrolytio conductivity. Ho ftffiy 
proved the proportionality between the velocity 
of the reactions induced by an acid and the 
electrolytic conductivity of the acid (J. pr. [ 9 ] 
30, 93; ih. 30, 22»[1884); ib. 81, 433 i ti. 82, 
300 [1886]). The following table' shows this 
agreement. Under I. are given the eleotrolytis 
, conductivities for normal solutions; under Q; 

! the velocfties of inversion of cans sugar ft* se^ 
-mormal solutions; under HI. the TeloeitIiWj))l 





Mpiw wywH q?.:^ W f; 

• iolqtiobA; «Uti)e numbmare rafaued'to hydro- 
” . 1 . 


Adi * 

1 

11. 

in, 

• 

Bydi^loria 

1003 

*■00 

1-00 

Hydrobromio 

101 

1-11 

0-98 

Hydriodio • 

101 

■— 

0-96 

mttio , 

1-00 

1-00 

0-92 

Solphurio . 

0-C6 

0-73 

0-74 

Formio 

0-0168 

00153 

00131 

Acetic 

000124 

0-004 

0 00345 

MoQocIiIoracetio. 

0-049 

0-0484 

00130 

IHohloraoetic 

0-253 

0-271 

0-230 

Trichloracetic . 

0-623 

0-754 

0-682 

Glycolic . 

0-0134 

0-0131 

— 

Methylglycolic . 
EthylglycoUo . 

0-0176 

0-0183 


0-0130 

0-0137 

— 

Biglycolio • 

0-0258 

0-0267 

— 

Propionic . 

0-00335 

— 

000304 

liaotio 

0-0104 

0-0107 

00090 

* Oiypropfonio . 

0-00606 

0-0080 

— 

Glyceric . 

0-0167 

0-0177 

— 

Pjiravio 

0-0500 

00649 

0-0670 

Butyrio 

0-00316 

— 

0-00300 

•isobutyrie . 

ooo;jii 

0-00336 

0-00268 

Oryisobutyrio . 

0-0124 

0-0100 

0-0092 

Oxalic 

0197 

0-186 

0-176 

Malonio . 

0-0310 

0-0308 

0-0287 

Succinic . 

0-00581 

.00055 

0-0050 

Malic. . 

0-0134 

0-0127 

0-0118 

Tartaric . 

0-0223 


0-0230 

Baocmio . 

0*0228 

— 

0-0230 

Pyrotartario 

0-0108 

00107 

— 

Citric. 

0-0106 

00173 

0-0163 

Phosphoric 

0-0727 

00621 

— 

Arsenic 

0-0538 

0-0431 

— 


The agreement of the numbers in the three 
columns is evident, and proves the truth of the 
assertion made above. 

In order to understand the relation between 
eonduotivity and the powor^f taking part in 
chemical changes, wo must go back to the theory 
of Clausius and Williamson. According to this 
theory tho molecules of the electrolytic sub¬ 
stances are continually interchanging their con¬ 
stituent atoms. These atomic exchanges gene¬ 
rally take place to an equal amount in all 
directions; but when an electric current is 
passing they are so influeiicod that the electro¬ 
positive or basic constituonts go to the one side, 
and the electronegative or acid constituents to 
the other side, each constituent separating from 
the solution on one of tho electrodes. This 
lAotioh of tlio constituonts occurs to a greater 
extent tho greater the difference of potential 
between the electfSdos, ue. the greater tho 
electromotive force. The change proceeds ac- 
coidmg to Faraday's law of electrolysis, which 
states that the quantity of electricity passed is 
pr<^ortional to the equivalents of tho parts of 
the molecules separated out. Put into a slightly 
different form, this means th«t each electrified 
a|;um, or group of atoms, conveys the same 
Quantity of electricity quite iTide^ndently of its. 

fiinoe the electric current only exertt a diteo- 
inflveaoc oa the electrolyte, but does not 


piclfv toduce aioiaoiit tbf .oonduotfug 
df sulMtonoes d«]^ds cutir^yon the pover of 
iaten^an^ng ^eir ioni. But on that same* 
power depend^B also the velocity of the chemical 
changes produced by these substances; hence 
it follows that the velocities of tho reactlona 
must be proportional to the conductivities of the 
reacting substance^ Th%experimental proof of 
this proportionality is in itself an important 
point in favour of the theory of Williamson and 
Clausius. (In Faraday's works we also find 
views which agree in the chief points with those 
explained above.) For the experimental details 
of tho method the reader must be referred 
to the papers of Kohlrausch, Arrhenius, and 
Bouty. A short account of the conceptions and 
definitions used will, however, be given here, 
since the assumptions generally used in phy¬ 
sics proper do not lend themselves well for our 
purpose. 

Imagine s vessel having the form o! a paral¬ 
lelepiped, the two parallel sides of which form the 
electrodes, and imagine the distance between the 
two to be equal to unit length. Into this vessel we 
imagine a quantity of the electrolyte to be placed, 
either byitself or in solution, such that its weight 
in grams is numerically equal to its molecular 
weight. Let us further suppose that the electro¬ 
motive force between the two electrodes is unity; 
then the quantity of electricity passed through 
in unit time represents tho molecular conduc¬ 
tivity. Since equal quantities of electricity are 
conveyed by each electrolytic molecule, the total 
quantity of electricity passed is proportional to> 
tho numW of double exchanges which take* 
place in unit of time in one molecular weight ofc 
the substance 

The electrolytic conductivity can be very easily' 
and accurately determined. 'The possibility ot' 
solving a great many problems connected with: 
the values of affinities is thus presented. W. 
Ostwald has specially investigated the influence' 
of dilution, and has established the laws which 
hold for it. Tho simplest relations are found' 
for the strong monobasio acids, hydrochloric,, 
hydrobrornic, hydriodic, nitric, chloric, and per- 
cliloric. Fo^normal solutions all these aoids; 
have nearly the same conductivity, and this in¬ 
creases by about 10 per cent, to 12 peroenU 
with increasing dilution, gradually approaching 
a maximum value, wliioh in tho units used 
by Ostwald was equal to 90. Bulpbooyanio and 
bromic acids approximate to the acids named 
above. 

TJic other monobasic acids, which are weaker, 
and which therefore have smdlor conductivities 
than those already mentioned, exhibit a gmater 
change in conductivity with increasing dilution, 
tho weaker they are, and thov alldo this accord¬ 
ing to the same law. This law states that the 
dilations at which two aciils have the same 
molecular condiwtivity always hear tl^fi sart%\ 
ratio to each other, 

Thus, when measured inl‘5te units mentioned 
above, formic acid of thc^^ilution 2 —m« 
H2C02==46 giams, in two litres or^e solution-^ 
has tlio molecular conductivity 1^6; butyrio 
^id reaches the value 1*81 only at 32 litres 
ulutlon. On further diiation the foSowimi 
gelation is manifested 



Womd Juem ,. \ 

.. BOTTnio Acn> 

- SUnUott 

Gondaotlvity 

Dilation 

Conduotlrity 

4 

2-47 

64 

2'56 

e 

3-43 

128 

8-60 

16 

4-80 « 

<^56 

601 

«S 

6-63 

612 

702 

«4 

9-18 

1024 

9-74 

128 

12-6 

2048 

13-4 

2S6 

170 

4096 

180 

612 

22-4 

8192 

23-8 

1021 

290 

16384 

31-5 


Batyric acid and formic acid have always 
neatly the same molecular conductivity when 
the former is sixteen times as dilute as the 
latter. The same holds good lor dilute solu¬ 
tions of all the monobasic acids. Tlotting a 


curve, with the molecular conductivities as 

ordinates and the logarithms of the dilutions -. 

«8 absciss®, we find it to have the shape indi- I solutions takes place at first according 


m deaHng inwortant and 
valuGB, with valaes do not altoi* with the 
nature of the reaction indooed by the aoid, an^ 
which are related to the dilutic^ in a perfectly 
fixed-manner.. The general truth of this law 
for tne case of chemical reactions has been 
separately proved t)y Ostwald (/. pr, [2] 31,807). 
The values of affinities sought by men of 
science in the last century have thus been 
found by means of a method which had l^en 
even then indicated by the famous opposed: of 
the old theory of affinity. 

It has already been mentioned that the 
above law of dilution holds primarily for mono¬ 
basic acids. Polybasic acids behave differently 
according to their constitution. Some dibasic 
acids, sucli as phosphorous, selenious, Ac., in 
which the second hydrogen atom is of the 
nature of a weak acid (this is shown by the 
alkaline reaction of their normal salts), behave 
on dilution at first exactly like monobasic acids, 
tlie conductivity being referred to molecular and 
not to equivalent weights. Hence electrolysis 


eated in the annexed figure. In this, the 



logarithms are not referred to the base 10, but 
to the base 2, since in OstwahVs experiments 
the dilutions increase as the powers of two. 

They are the exponential powers, f, of the dilu¬ 
tion o; V = 2^^, 

The curve appears to be symmetrical about 
♦wo lines at right angles to eaclj other, and has 

^pointof contrary flexure when the conductivity ! lm?ic acids, and rapidly appr 
©aches the value 4u. The equation to the curve double that foun^l will) thi i^c 


teaches \ 

oan be approximately expressed—using the given 
units—by the empirical formula 
•4513 


to the type H | ITU". It is only on reaching 
very great dilutions that tlio second liydrogen 
atom b(?gins to participate in the reaction. Di¬ 
basic acids whoso normal salts are neutral 
bcliave differently. It is true that they, too, 
conduct at first according to tlio type H | HU"; 
but the second hydrogen atom exerts its in¬ 
fluence even in moderately dilute solutions. 
Tlie conductivity increases much more rapidly 
Ilian in the case of monobasic acids, and ap¬ 
proaches a maximum which is double that 
observed for monobasic acids. Oxalic acid may 
be taken as a typical acid of this class. In the 
' case of very strong dibasic acids, such as sul- 
1 phuric acid, it is the lasif part of th«v phenome- 
j non just des(;ribcd whioli becomes prominent. 

' Evo !1 for a concentrated solution the molecular 
conductivity exceeds the maximum of mono- 
ouches a value 
acids. Hence 


tan. m 


■e.)' 


where ftt ie the molecular conductivity; the 
dilution (in litres per gram-equivalent) for 
which the conductivity is 45 j and v any dilu¬ 
tion for which the conductivity is to he cal¬ 
culated. The same curve holds for all acids if 
the abscissa is chosen i)ropcrly. The value 
©4 ia characteristic for each acid. For the 


conduction takes place from the beginning, for 
the most part, according to the typo 11,} H". 

Ostwald has recently (J. pr. ['2] 32, 300) 
examined the conductivity of a number of acids, 
and has shown that the relations alvea<ly staled 
hold in all eases. He has also csiahli.slied many 
relations between the conductivities of acids and 
their chemical constitution. This investigation 
opon.s up the i)ossibility of drawing many in¬ 
ferences concerning the action of clu'mical forces. 
The following tables exhibit an abstract of the 
measurements of the molecular conductivities of 


above-mentioned strong acids, it is found in | various acids for the dilutions of 4, 32, and 256 
faighconcentrntions:—for iodic acid, at 2*8 litres | litres:- 
approximately ; for hypophosphorous acid, 8 
litres; for dichloracctio acid, at 10 litres; for 
«ionochloracctic acid, between 400 and 500 
litres ; for formic acid, at about 1000; and for 
‘Butyric fiteid, at abouL'^0,000 lilre.s. 

The influence ol^ie dilution on the relative 
affinities Varies Viuely for the different acids, as 
•lias already bM>‘'^con. It seemed therefore very 
fionbtful wWPher much importance could bo 
attached t<rt)tesc values as natural constants 
on wljch the action of the acid as such di 
fiends. In the law of dilution, as cnunciatel 
above, there has been found the proof that 




Aci.l 

• 

4 

litres 

32 

litres 

m 

litres 

Ilydrochloric IICl , 

80-9 

87-0 

89-2 

Ilydrobromio IIBr . 

8.3-4 

87-9 

89-6 

Hydriodic HI 
Hydrofluoric HF , 

83-2 

89-6 

89-7 

0-SI 

13-14 

30-3 

Hydrocyanic HCM . 

0-077 

0-108 

— 

Bulphocyanic 11.SCN. 

79-3 

84-2 0 

86-S 

Snlphy^ric H.;S. 

— 

0-214 

— 

FerrocyanioH*Fe(CN), 

• 

— 

206-9 

260-7 



f »9 Mioi wAictt dp aoljtfpQtaiia oijgNi shov^ 
ifreat di^erefioes: HCH^iSBr, Hit a groap 
w strong aoids, while OF is maoh weaker; EON 
oan aoaroely M called an acid; H^S is slightly 
stronger; bat if cyanogen combines witi sul¬ 
phur and hydrogen sulphocygnio acid is formed 
the strength of which approaches that of hydro- 
ohlorio acid. Fcrrocyanio acid is also a strong 
acid, though made up of the neutral iron cyanide 
and the weakly acid hydrogen cyanide. 


Add 

4 

librca 

33 

llbreii 

366 

litres 

Nitric HNO, 

. 80-4 

80-3 

88-4 

Chloric HCIO, . 

. 80-2 

85-3 

88-7 

Perchloric HCIO 4 . 

. 82-2 

88-1 

89'9 

Bromic HBrO, 

, - 

7!)-4 

8«-3 

Iodic HIO, . 

. 500 

72-3 

81*8 

Periodic HjIO, . 

. 23-7 

49-2 

7G-7 


HNOa, HClOa, HCIO 4 closely follow the halogen 
hydraoids; HBrO^ is weaker; HtO;, is still weaker; 
and HjIOj shows this decrease in strength to a 
marked extent. A similar relation is siiown by 
the acids of phosphorus. 


Acid 

4 

litres 

32 

litres 

256 

litres 

Hypophosiilioroua H,PO, 

37-91 

02-1 

77-84 

Phosphorous H,PO, 

34-29 

50-90 

74-54 

Ortliophosphoric II 3 PO, 

17-00 

34-41 

01-8 




iuiMtmiiwnwKHtanHuw 


Sulphurous H^SO, 
Sulphuric IIsSO* . 
Dithionio HoS.;0^ . 
Tetrathionic 
Selenious H^SeOj. 
Selonio H^tSeO^ • 


1019 41-6 
9^4 n()-3 



Here too the acids become weaker as the amount 
of oxygen increases. The opposite relation is 


Monoohlorao«tioOH,^O.H 0'B8 
DtchJoracetfo CHCI.uO,H . I4'S 
Trlohlomcetlo OOl,uO,H . 66*9 
HoQobromaccticOH,BrOO.H — 
Cj'anacetlo CII,ONC^a • 10‘S 
aBrooMpropiotiic 

CIT.OHBrCO.H ;-8r 

/^lodoproplonio 

CH,I0H,00,H 1-W4 


The chlorinated acids are seen to increase ii 
strength as the amount of chlorine increases 
but even trichloracetic acid does not roach th( 
value for hydrochloric acid. The substitutioz 
of bromine, or cyanogen, for hydrogen acts in 
the same way as the substitution of chlorine; 
the action of cyanogen is much more marked 
than that of bromine. Introduction of the group 
OH for H in the fatty acids increases the strength 
of the acids, although not to so great an extent 
as is noticed in tiie preceding table. 


01ycollcCJT,OFrCO,H . , . 

(;jvoxvli<!COH.CO,H . 
].irtkujy)Hoiico,n 
/Sijxypropioiiic CHjOflCHiCOjTl. 
TriciilyrolHftticCClsOHOUOOgll. 
rviuvicCH,C(X;0,lI . 

Glvcerlc GH, 01 IU 110 nC 0 ,lI . 
•Oxvbutyric (',H»CHOIICO,H , 
^0\ybut>TioClf,CUOIICH,CO,n 
()x vUobutyrio (ClI,),COHCO,lI. 
Jl-tJwxyiwotic ClI,OCn,GO,H . 
Ki.hoxyacctic ClI,<)C,lljCO,H . 
l)iK'Jyco]ioO(CJI,CO,H). . . 

TUiodiglycolic S^CH.CO.II), . 



4 

litres 

82 

litres 

366 

iitiM 

! 3*08 

6*77 

1 16*09 

3*66 

»'83 

' 24-61 

1*94 

6*49 

14*43 

0-H96 

2*63 

7*18 

ll-l> 

27*7 

54*8 

9*06 

23*1 

43*8 

2*40 

6*87 

17*» 

1-44 

8*99 

10*08 

1-31 

3*4 

7*70 

108 

8*U7 

12*81 

2*99 

8*29 

2078 

2*40 

; 6*94 

i 17*98 

1 6-yo 

! 13*78 

1 33-68 

— 

1 11*73 

28-23 




Appreciable differences are shown in the first 
three members only. 

When chlorine, bromine, iodine, or cyanogen, 
U substituted for hydrogen, the acid nucter 
loereasea. * 


4 33 3C8 

litres litres ntres 


79-8 
377 
10*03 
30*8 
18'19 
39*69 
ZS-06 
6*99 
6 ' 8 * 

2*97 8*63 33-38 
6*06 13*G8 33*16 
607 13*04 38*19 
13*14 29*78 
16*89 


• By cxtrapolatiun. 

As the distance between two carboxyls in¬ 
creases tlie dibasic acidsrapidly weaker; 
sebacic acid is scarcely strong^, jdian the higher 
acids of the aeotlo scries. Of the *>^0 isomeridoB, 
succinic acid and isosuccinic or m^'^ylmalonio 
acid, the latter has the carboxyls nearer toge^er, 
r id is therefore the stronger. Tartaric aAd and 
/ acemio acid show no ^fterence; hence the 
latter when in Aolution is not a compound of 





































































iuid tertario acid, aa !a 

ft# Date in fta crystalline f()nn, but U ia rather 
• 'iaixtttra ot the tero. 

Tho derivatives of benzdlo acid are of special 
Interest owing to the conditions under which 
isomerism occurs in this series. The following 
liave been investigated/— / 


B«nsoloO,H.CO,K . • ~ 

Oxybeuzoio £1:2] 0 * 11401100,11 . 33-0- 

’! [1:4] '* . 232 603 j 

Kltrobeozoio [1:2] 0 , 114 ^ 0 , 00 , 11 . — 84*34 

" [1:4] „ . — 22*0* 

Chlorobcnzoio [1:2] C,ir4CIC0,H • — 33'54 

[1.3] „ . — 1^'13 

[1:4] . - 12*7* 

Bromobentolo [1:2] 0,n4BrC0,TI # — 88-S9 

. ji^i .■ • - 

• By extrapolation. 

The Bobstituting radicle always oiorts most in¬ 
fluence on tho strength of the acids when it is in 
the ortho position. There is little difference 
between the nieta and para positions. It is 
strange that para-oxybenzoio acid should be 
weaker than benzoic acid itself, as in all other 
oases the introduction of OH increases the 
strength of the acid. This points to the con- 
elusion that the affinity-forces are of the nature 
of vector quantities, that is, that they are directed 
forces the resultants of which cannot he put as 
simply equal to the sums of the components. 
The other acids of the aromatic (or benzenoid) 
group for which measurements have been made 
are as follows:— 

~ 77a 3! 266 

aciU litres litres 


Amfdobenzeae sulphoaio [1:21 

C.U.,Nrt,SO,H 4-55 
Amidobeozeae zoIphoDio [1:11 

C,lI.NlI..Sn,TI 10-81 
Ifoaonttropbenol [1:21 C,iI*N0aOl£ 

„ [1:31 .. Oil 

I [1:4] .. 0-H 

I>inUropbeDoin:2,l:4]C,n,fXOa),on — 
Trinltropbenol [1:3:51C,H,[ti0al,01I ■ — 

AnlsloC.H.OCn.COaH . . . — 

•TlAulO O.H,€llaCOal[ . . . 3-51 

Phenjlslyeotic C.iI,(lilOHCOalI a 9-02 
Pheuozyaeetic CaHaOflltaCOalt . • 12*67 

Pbtluillo[I:2]O.B.(CO,U;. . . 16-15 

• „ [ll3] ,. • • — 

Nltrophtballc C,Ua(i70a) (COalOa • 33-62 


The introduction of NHj into benzene sul- 
phonio acid, which is nearly as strong as hydro- 
clJorio acid, is accompanied by the production 
of a much weakef'acid. The mela-acid is weaker 
than the para-acid. The three nitrophenols 
show the gradation ortho, para, meta, in the 
.same way as the nitrobenzoic acids. Tho phe- 
"^nols r%pidly increiw') in strength with the 
number ff NOj gg4p3 they contain. Another 
point of interest's (he difference exliibited by 
the isomeridfr'%nisio acid, phenylglyeolic acid, 
and phenw^acetio acid. Orthophthalio acid 
greatly ex^eds metaphthalic acid in strength; 
whil«)f its two nitro derivatives, the a compound, 
in which the NOj group is adjacent to the 
hoxyl, proves itself superior to the fl derivativyi 
in wbioh there is a greater distance between the 



Acid " 

4 

litrei 

B 

Aorylio 0,H,C0,H • • • 
Crotunio U,U*C0aH • • • 

1*25 

0*728 

8*46 

2*18 

13*82 

Mateio fC.H.C0,H . . . 

17*46 

39*15 

Citrikcouio 1 

9*56 

24*05 

Itacuiiio [ C,H*C0,H • • 

1*92 

5*33 

A[o.sacomc} 


11*93 

llv(lrocluiJainmic 04 TT 40 ,Tl 4 C 0 ,n 

— 

2*26 

Cinuaminic C,TI,0,H,C0,H. , 

— 

— 

IMioiiTlpropiolic C4li*0,<JUaU . 

— 

27*66 

Hydrosorbic O.H,UO,U • . 

—• 

2*29 

S<>ibioC,n,CO,lI. 

aUromocinnamuiio 


*“ 

0.II,0,nBrC0,H 

/sBromociuaammio 

*~ 

““ 

C.TT.0,nBrC0.H 

— 

— 

Jlfccoulc C*H0,011(C0,n),. 

— 

102*1 

Vuiuio C,I1,(0H )4C0aM « . 

— 

7*81 

Ciunphoric C,lI,C,H,C0,n . 





On comparing acrylic tvith propionic aei^ 
crotonic with butyric acid, fumaric and maleia 
with succinic acid, and citraconio, itaconic, ana 
mesaconic with pyrotarUric acid, it is evident 
that for each withdrawal of H., the acid becomes 
stronger. These relations become ver^ con¬ 
spicuous when we compare hydrocinnamraic with 
cinnammic and phenylpropiolio acid, and hydro* 
sorbic with sorbic acid. As regards the pcouliari* 
ties of the dibasic unsaturated acids, they can 
only bo just mentioned. Meconio acid, whieh 
stands by itself, is oonspionous by its groat 
strength. It is the strongest of all acids which 
consist of carbon, oxygen, and hydrogen only, 
and it approaches very.icar to sulphuric acid. 
There is evidently some connexion between 
this property and the small amount of hydrogen 
this acid contains. 

Tile introduction of amidogen and similar 
radicles makes the acids weaker. 


. 8 32 266 

litres litres litre* 


AmldoaccticCIIjNlTjCOjH . 
llippuiio, 

CH,NHfC,lI*CO)CO,U . 

AcetylumMoacctio 
CK,NJi(ClUC0)0O,H 
Oxatiiic C0KH,00,II . . 

Oxaliiric 

CO(NHCOXn,)CO,H 
ranibanio (CONll),CO . 


The introduction of the NHj group into acetic 
acid is attended with a great reduction of the 
strength of the acid. This^-cid is considerably 
less weakened when one of tho hydrogens in the 
NH, group is replaced by the negative radicle 
benzoyl or ircetyl. Oxalic acid is also weakened 
by introducing the NH^ group. On the otter 
hand tho introduction of the urea residue 
(NHCONH.,) into oxalio acid only sU^tly 
decreases the cobduotivity of the oxalio acid. 
I’arabanio acid does not contaiui the oorboi^I 
group, nor does it behave at all like an Ooi^ 
since it| conductivity increases but sU^tly with 
dilution. 

The conditions of affinity among aoida ftitt 
the best-known port of the ttoory ^ 


— 67-03 74-28 

43-35 48-23 63-96 
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' OBT'ltaiihiiadgs echoing the i«iie< {a mi»i3i 
,i]MW ^ty. from tha fact that the relatiw 
•mnitieB ot acids are independeat ot the nature 
ef the bases, we can infer that the relative 
afiSnities of the bases must also be independent 
of the nature of the acids JJ. pr. [2] 16,422). 
It is highly probable that the same laws hold 
for bases as for acids. 

It must, however, be admitted that there is 
great lack of experimental data in this depart¬ 
ment. Some experiments of Menschutldn (G. R. 
96, 266), who drew from them the conclusion 
that Serthollct's law of the iudnence of mass 
does not hold, prove only that under the condi- 
tions of the experiment the relative affinities of 
the bases compared—potash to aniline, to tri- 
methylamine, and to ammonia, in alcoholic 
solutions—are very different. The same fact was 
proved by some thermo-chemical experiments of 
Berthelot. 

Nor have many experiments been made by 
the kinetical method. Warder {B. 14, 1361) 
who first applied this method to bases, measured 
the velocity of decomposition of ethylic acetate. 
An investigation made by Itcicher (Van’t Iloil, 

• Dyn. chim. 107) in connexion witli Warder’s 
work, showed that the velocity of the reaction 
is nearly the same for potasii, soda, and baryta, 
the electrical conductivities being also nearly 
the same. 

Ostwald (J.pr. [2) 33, 362) has recently in¬ 
vestigated the electrical conductivities of some 
bases. The alkalis KOII, NaOH, LiOII, are 
strong bases; they have nearly the same con¬ 
ductivities. TlOH acts as an alkali. The con¬ 
ductivities of CaO-Hj, SrO.;II,, and 1'aO.H;, 
referred to masses equivalent to NaOII, <51:o.,*nr’c 
the samogjis those of NaOIX, Ac.; the molecuhir 
conductivities of CifD-jUj, Ac., are, however, 
double those of NaOH, Ac. Ammonia is 


ohenUoal ecttisiiiatilon G< ^ aoMs wed. The 
values obtained do aot,,howver, lend themselTes 
to the detenninatioa of ooeffloients of affinity; 
and the investigations themselves cannot them- 
fore be considered hero at greater length, lie 
work of Horstmann (B, 12 , 64), and of Dixon 
(T. 1884. 617), on incomplete combustion can 
likewise only be raentioffed. 

Little attention has as yet been directed to 
the investigation of the iniluonce of temperature 
on the velocities of reactions, and on the con¬ 
stants of affinity. For the case of the inver¬ 
sion of cane sugar there are the investigations of 
Williolmy, Urech, and 8 pohr; for the velocity 
of ctlieriiicntion there are those of Berthelot and 
P. de St. Gilles, as well as those of Mensohutkin. 
The whole question lias been thoroughly investi¬ 
gated by Van’t floff. By applying tlie dynamical 
theory of heat ho finds that the equation for the 
relation between tlie temperature and the velo¬ 
city of the reaction, k, must bo of the form 

d log k A 

-TT ” 

wliere t is the absolute temperature, and A and 
B are constants. 

Van’t Holf has also shown that for several 
reactions the observed facts can be very well re¬ 
presented by such a formula. For details the 
book of Van’t IIolT wliiclx has been mentioned 
must be consulted. 

Berthelot and P. de St. Gilles have found that 
the chemical equilibrium of etherification is in* 
dependent of the temperature within a wide 
range. Ostwald cstablislied the same general¬ 
isation for the relative aflinitiosof various acids, 
Vaii’t Iloff shows by the help of the dynamical 
theory of heat that this will occur when the 


reactions producing equilibrium do not give an 
a])preciuhle thermal effect as their resultant, 
weak base; its conductivity is much imluenccd j Moreover, when this is not the case, with a fall 
by dilution; the variations in the molecular con- 1 of temperature the equilibrium shifts in favour 
duotivity follow the same law as was observed , of that reaction which produces more heat than 
4 -XX .vxx , , the reverse one (f.c.lb?). 


for acids. Substitution of*H or in Nllg by 
OHj, C.JI 5 , and other alkyl groups, increases the 
strength of the base ; but NICTI,), and N(C.,H.,), 
are weaker bases than Nn(CH 3)2 aiid NH(CoHsj 2 . 
These bases all follow the same law of <lilution'. 
The non-volatile ammonium bases, c.g. NMc^OII 
—and also the base (C.H.) 3 S(OIJ) 2 —exhibit con¬ 
ductivities nearly the same as‘those of the 
alkalis; guanidine is a little weaker, but l)elong 8 
more to the ammonium bases than to the de¬ 
rivatives of aminonia. 

In a memoir not yet published, Ostwald shows 
that those conclusions arc conftrmed by kinetical 
experiments on tho saponification of ethylic 
acetate. ^ 

Besides the investigations which have led to 
numerical values for certain constants of affinity, 
there are numerous others from which such 
quantities cannot be deduced, because tho re¬ 
actions investigated were too complex. To this 
class belong principally tho works of Berthelot 
and P. de^ St. Gilles on etlverifioation, and the 
investigations of Menschutkin (cbliectod in A. Ch. 
[5] 80. 61) on the same subject. 

Tnb importance of the first of these in 


We have now arrived at the point whore wo 
must take the problem concerning the rela¬ 
tion between affinity and production of heat. As 
soon as it had been recognised that the t^iermal 
action accompanying a cliemical reaction was 
tho measure of the chemical eucigy used up 
therein, an attempt was made to apply this to 
the question of affinity. 

In 1854, J. Thomsen enunciated the following 
laws (P. 9*2, 34), The magnitude of tho force 
evolved in the formation of a compound is equal 
I to the quantity of heat produced. When a com- 
]>ound is decomposed by anotlior body the reason 
for this is that the stronger duties satisfy ihem* 
selves; hence decomposition must be accompa¬ 
nied by an evolution of force. Since chemical 
force when liberated under ordinary conditions 
generally manifests itself as an evolutwn of heat, 
it follows that * er^ery simple cr covijiUx effect of a 
purely chemical naturx. M c’eccompaieicd by pro¬ 
duction of heat. ^ . 

This deduction, plausible ti.^ugh it seems at 
first sight, is not correct. Heat do *^8 not measure 
forces but quantities of energy; hence the 


j&^cal dynamics has already been Aiphasisei chemical production of heat does not t^l us any- 
brought out inter|Btuig connotf thing concerning the intensity of chemical forces: 
ma$ Mween tba reactions observed and t&e it is only the product of their (mean) value (it 





at^tion) Into I tiMjr am aoo^t^eii bv a p^tiva ot negatiao 
a]^aM passed .over bjr tbe atonu that is a' ptMuotion of heat, and the ls,w is that thaa 
onantitr of ener^, and as sodh is measurable egoiUbrium slults the more in iavonr of the 
by thermal methods. Sincf we know nothing positive thermal prodnotion the lower is the tern- 
abont the spaoes passed over by the atoms, and, peratn'e. It is, however, only at al^olute zero 
moreover, cannot assume that the spaces are the that the reaction , would take place in one 
same for all compounds, no conclusion regarding direction only (if at this temperature ohemical 
the ohemical forces cSn be'accurately drawn reactions are at all possible); and it is only for 
from measurements of tho quantities of heat this limiting case that a law of maximum 
produced in ohemical reactions. thermal effect would hold good. 

To point out tho old mistake would have This is all that the law of the maximum 
been uncalled for, were it not that Berthelot has thermal effect really contains; it is a limiting 
of late years enunciated an analogous erroneous ease from which the actual conditions differ the 
‘law,’ which_ he has defended with great more tho higher is tho temperature. Since tho 
warmth. It is the more necessary to submit temperature at which ordinary ohemioal re- 
this theory to criticism, ns, owing to tho great actions occur is not very high, the reactions ao- 
prestige which the renovator of this old mistake oompanied by production of heat preponderate, 
enjoys—a prestige he owes to his excellent ex- This had been already noticed by Thomsen, and 
permental researches—the theory is surrounded the approximation to truth contained in the law 
as it were by a halo which has deterred many we certainly owe to him. 
from closely examining it. Berthelot formu- What Berthelot has added refers to the 
lates his law as follows: ‘Tout changement cases of ohemical equilibrium which have been 
chimique accompli sans Vintervention d'une established beyond doubt, and which, according 
ineryie itra^ujirc tend vers la production du to the principle of maximum work, ought not to 
corps, ou du sysUme dc corps, gui dt'gage le jdus I occur; this law asserts that because one of two 
de chaUur.’ And further: ‘ Toute rtojfiou I reciprocal reactions is attended with production ’ 
ehimique susceptible d’etre accomplie sans le j of heat that one ought to take place exclu- 
coneours d'un travail priliminaire et en dehors j sivoly. It is Berthelot’s endeavour to reduce 
de I’intervention d’une inergie itrangire d celle \ all reactions in which chemical equilibrium has 
des corps presents dans le systdme, se produit ! been observed to cases of partial dissociation, 
necessairement, sielle ddgagede lachaleur.’ wherein the masses of the reacting bodies do 
By a vague connexion with general dynamics, not act as wholes. To accomplish this, ha is 
Berthelot calls this <A« principle of nuiximum obliged to call reactions of a purely chemical 
work. Ho assumes it to follow as a natural j nature, dissociations; for exainiile, tho decora- 
consequence from the dynamical theory of heat. | position of acid sodium sulphate in aqueous 
This view is erroneous. There is no such i solution, a reaction brought about by the affinity 
thing as a law according to which a dynamical between sulphuric acid and water. The whole 
sptem is in equilibrium when the greatest pos- explanation resolves itself into reasoning in a 
Bible quantity of its potential energy has been circle. It need scarcely b(/baid that an explana- 
changed into actual energy; but this would be tion of this kind cannot account for tho laws by 
the dynamical analogue of tho so-called chemical which the ohemioal equilibrium, tho velocity of 
J*™'- chemical reactions, and tho electrical conduo- 

^ There does, however, exist a law in the dyna- tivitios of the reacting bodies, are connected. 

^cal theory of heat according to which a system There is no doubt that, with tho possibility 
is in equilibrium when it has attained to the of a more general application of tho laws of 
maximum entropy. This function, which was entropy to chemical reactions, thermochomioal 
first introduced by Clausius, is, like ‘the energy data will become important and fundamental 
of a sy|tem, entirely dependent on the condition means for the investigation of tho relations of 
of the system j it is defined by tho equation, affinity. Moreover, there is little doubt that 
dQ . CL,, . Bergmann’s theory of affinity, revived in a 

I where S stands for entropy, Q for a therrnochemical form, is not the solution of the 
. , problem, and that, in spite of its modem 

quantity of heat given to the body, and Ttor the appearance, it can as little keep its ground 
absolute temperature. Horstmann (A. 170, 192), against Berthollet’a far-reaching views as it could 
wfts tho first to opply this law to chemical in its older form. 

phenomena. The investigation baa also been Of all tho great old-standing problems of 
earned out very fully by Willed Gibbs. Unfor* chemistry, that of chemical affinity has been 
tiE^Uly, the law is gf very limited application, least developed. The general relations and laws 
Tlw integration can only bo accomplished if tho given in this article refer only toa limited number 
irabstances experimented with are perfect gases: of substances, and to a limited number of reac- 
Horstmann has shown that the law of entropy tions; many p^irts of tho question have not yet 
th^nleadslo the same result as is attained by ap> been investigated at all. Great and important 
plymg QolflMrg and Waaffe’s law of the influenco progress has, however, been achieved by Berthol- 
4 ^ 1 * supplied from let’s enunciation, and Guldberg and Waage’s 

the theoretical side^with a valuable confirmation, rational formulation^-of tho law of active masses. 

As far as we Mn tell, the law of entropy docs It must, however, be admitted that there are some 
not generally ksad to reactions which are quite reactions which seem to contradict this law, and 
eompieted on one side, but rather to conditions which cannot be explained by it when talVen in 
01 onemifal equilibrium between opposite pro- tts simple f<#rm. It is not necessary to reject tho 
ooBses. According to Van’t Ho0 (t.c. p. 153), ll.w on this account, as has been done by some, 
-^ese processes vary with the temperatore, if Tlieaatai^ooniitionsof each experiment we mako 



s^a^h* Mai)^ ag^ fiun^ijD'.aiUt^ 

•apply tixd law of tno iofluoacd of mast. Wd sbmetipiea associated With oidlic or c^trio add. 
XQQsi content^ourselves with an approximation Agaricus bulhasiia and A» integer jiM 
which does not always lie within the limits of erystallisable hydrochlorides and platiiMK 
experimental errors. The motions of thf stars chlorides of basic bodies (Thbrner). 
cannot yet bo represented in strict accordance Agaricua ruber or aanguiiicua contains a 
with the law of gravitation; yet the first ap- colouring-matter,soluble in water 
proximation is suUiciont to remove any doubts and in alcohol. It is rose-red by transmitted 
as to the validity of the law. Tho law of the light, having two absorption bands in the greon^ 
influence of mass in its simple application is also but it exhibits strong blue fluorescence. &lnt». 
only true to a sufficient approximation in tlioho IlCl extracts an alkaloid, agarythrine, from 
cases in which the effects considered are of great tho fungus; this alkaloid is converted by 
magnitude as compared with those neglocto l. oxidising agents into a red substance, possibly 
(In connexiDn with aJJ'uiiiij v. Physical aiKiiroDs; ruberine (T. L. Phipson, C. N. 46,190). 
ficotioil Optical.) W. 0. Agaricua integer^ contains an acid, with 

AGAB-AGAB or Bengal Isinglass* following properties: whito needles [70®], very 

A vegetable gum obtained in China from sea- soluble in ether, benzene, CS;., CIICl,, hot 
weeds: Euchcuvia spinosnm, sphcerococcus alcohol and acetic acid, insoluble in water, and 
lichenoides^ and tennx. Transparent cold alcohol and acetic acid.—A'.^Pb: insoluble 

colourless strips, almost completely soluble in white pp. [114®]. The alkaline salts are sparingly 
water: forms a large quantity of thick, taste- soluble in cold water, and the salts of the heavy 
less, and odourless jelly. Dilute H^SO^ forms metals, insoluble (Thorner, B. 12,1635). 
galactose, characterised by its conversion into yields toboilingetlier 

galactonio acid by Dfj and AgaO. This galactose a dioxyquinone Dark brown 

is formed from a carbohydrate, CJI,„0.„ present metallic-shining lamina?, dissolving with yellow 
’ in the agar-agar (Bauer, J.pr* [2J 30, 307). colour in alkalis, insoluble in water, ether, light 
AGABICIC ACID petroleum, benzene, chloroform and CS. 2 . Suh* 

C.gHjflOjaq. [139®] (J.); [145*7®] {¥.). S. *8 at 16®. limes with groat difficulty in yellow microsoopia 
Obtained, together with agaric resin, from tho tablets. It is reduced by boiling its alcobi^fr 
larch-fungus (Boletus Laricis) by extraction solution with zinc-dust, the resulting colourl^ 
with dry ether (Fleury, C, B. 70, 53) or with liquid becoming yellow-green again on exposure 
90 p.c. alcohol (Jahns, yfr. PA. [3j 21, 221,260). to the air. The ammonium salt is a green 
Pour-sided, silvery plates (from 90 p.c. crystalline powder, dissolving readily in water 
alcohol at 60°) or prisms (from dry alcohol), with violet colour, nearly insoluble in boiling; 
V. sol. hot glacial 110Ac or oil of turpentine, absolute alcohol.—Basalt: dingy flcsh-colouredl 
m. sol. chloroform or ether, v. si. sol. hen/.ene or crystalline precipitate (Thorner, B. 11, 533K 
cold water. Swells up and dissolves in boiling The diacef^l dmraftuc 0,^11, 204 =C,,H, 02 ( 0 Ac)u 
w'ater but crystallises out again on cooling, forms small reddish yellow tablets. 

Oxidised by IINO 3 to outyric and succinic acids. Boletus Laricis contains besides agarido 
Amorphous, insoluble pps. Tho acid and (25 p.c. of) agaric resin also 3 to 5 p.o« 
neutral salts, lose H.O at 120 ® of a neutral body, which crystallises in needles^ 

becoming M^CjbH^bO^.—NH,HA".—N aA" (at [272°], and may be sublimed (K. Jahns, J. 1883, 
120®).—K^A".—BaA".—: gelatinous pp. 1400). H. W. 

Hot alcoholic solutions give, with AgNOj, a pp. AGAVE. Well preserved juice of Agavo 
of Ag-^CjaHj^O^ (Jahns). americana, sp. gr. 1*046 at 16® was found by 

AGABICIN. The fly-agaric (Agaricus alhtts) J. Boussing«ult (A. Ch. [4] 11, 447) to contain 
yields to alcohol a non-nitrogenous crystalline in 1000 parts: 26*15 levulosc, 61*71 saccharoae, 
powder having a sweet taste with bitter pungent ^ 3*53 malic acid, 5*45 gum, 10*13 albumift, 0*06 
aftertaste; slightly soluble in w'ater, insoluble ammonia, 6*21, inorganic salts, and 886*46 water* 
in ether; decomposed by boiling with dilute H.W. 

acids, or by contact with saliva, yielding a AGEorAXIN. The fat of Cocetts Aonn grow* 
substance which exerts a slight reducing power ingin Mexico, consists of the glycerides of laurio 
on alkaline copper-solution (Schoonbroodt, J, and axinic acids (Hoppe,/. 1860,324). H. W. 
1864, 613). According to Jahns (/. 18H3, 1400) AGOBEGATION, STATES OF.—In this ar- 
it is identical with agaricic acid. H. W. tide the differences between the properties of 

AGARIC BESIN v. AoAJiK io Acn>. bodies in tho solid, the liquid, and the gaseous. 

Bed, amorphous, solid; melts at 89*7®; dis- condition, are looked upon as due to differ- 
solves in absoluj^ alcohol, ether, wood-spirit, cnees in the state of aggregation of those small 
and clUoroform, but is insoluble in water,! particles, of wliich, according to the moleeolar 
heuzeue, and CSj*, slightly bitter; dissolves in theory of tho confutation of matter, all bodies 
alkalis. Ka salt precipitated by aleobol in flocks are composed. According to this theory, out 
changing in 24 hours into long needles. Forms power of subdividing ipatter cannot d)e carried 
precipitates, mostly crystalline with metallic beyond a certain limit, whatever means—ohemi- 
salts (Fleury, 0, B. 70, 63), H. W. cal, physical, or mechanical—we Anploy. la 

AGABICUS. A genus *of Fungi. Many otlier words, the theory asserts that the largest 
fungi, especially the agarics, contain an amount quantity of a body which we cannot subdivide by 
of nitrogen exceeding that in peas and beans, any means in our power is of flmto' size; it ia 
varyiifg from 3*19 p.c. to 7*26 p.o. (Schlossbcrgcr called the atom of tho substance of whi^ tli% 
a. Dopping, A. 62,106). * ^ body is composed. Each elementary %ody ha* 

The solid tissue consists of cellylose. Agaric t its peculiar atom, and the union of atoms bl 
eontain niannite and fermentable sugar, but no different kinds forms the smallest quaoti^ 
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. osn>x!st o( a cottipdund sabgtanci ; thb^' 

■ kowever, eannot, to accordance with the deflnh 
tioB, be called an atom, since, b; the nature, ot 
the case, it can be divided Vohemical, and often 
even by physical, means. Though matter can be 
divided down into atoms by chemical means, 
yet we have reason *o believe that when only 
physical processes are going on the sub division 
of matter is not in general carried so far; and 
that just as in an army, though the unit is the 
individual soldier, yet for military purposes the 
soldiers forming a regiment always act together, 
BO in matter, groups of atoms, called molecules, 
remain together for a considerable time. The 
moleoule, however, is a very much less definite 
thing than the atom, and it must not bo assumed 
without proof in each case that the term has 
always a definite meaning, or that there may 
not in the same body be molecules consisting of 
very different numbers of atoms. Tliero is 
strong evidence, too. that, in some cases at any 
rate, the molecule does not always consist of the 
same atoms; the molecule after a time seems to 
break up and the constituent atoms find fresli 
partners. In some cases, however, such as 
those of the permanent gases, we havo reason 
to believe that tlie number of molecules which 
consist of tho same number—say n— of atoms, 
is enormously greater than the number of those 
consisting of any other number of atoms. It, 
however, we raise the temperature, then, in tho 
case of some gases at any rate, dissociation sets 
in; that is, there are now a considerable number 
of molecules in which the number ot atoms is 
less than n ; this is shown by tbe abnormally 
email densities ofsucb gases at high temperatures. 
On the other hand, tho density ot a vapour near 
its point ot condensation is often abnormally 
great, as in the case ot acetic, formic, and mono- 
ohloiacetio, acid; a part at any rate of this 
inorease in density would seem to be due to tbc 
formation of molecules consisting ot a greater 
number of atoms than those formed when tlin I 
temperature was raised far above that of the 
point of condensation. 

According to the molecular thertry of matter, 
the ^tferonce between the molecular constitution 
«tbou ies in the solid, liquid, and gaseous, state 
is that in tho solid state the mokciilns oscillate 
about a position of equilibiiuiu and never got i 
lar from their original 2 JOsitio!\ in tl^e body; in I 
the liquid state tho molecules arc sup 2 )osed not | 
to <»cillato about positions of equilibrium, but 
to bo comparatively free to move in any direc¬ 
tion; they cannot, however, move far without 
ooming under the influence of otlicr molecules, 
60 that tlieir courses arc constantly being 
changed and do not bear any aj)proximation to 
straight lines; in the gaseous state the anole* 
eules are so far apart thntWor the greater i)art 
of the time they arc describing straight lines, 
(he tim 0 *’during whichKhcy arc under the influ¬ 
ence of (^ther molecule being an exceedingly 
nenaU fraction of the wnole time. 

We must be careful to remember that there 
Is ho evidence that the molecules in the liquid 
or solid state consist of the same number of 
Atoms pB those of the same substance in thcLj 
gaseous state; but thaton the contrary it scemsv 
most probable that in the solid and liquid states y 
ihe moleoules are systems whose complexity is { 


hbi only^^ m _ , _ 

the gaseous state but that these medeculsr aggh 
^tioni vary very much in coifiplexiiy among 
theipBolves. These molecular aggregations are 
probably not pe|pianent but are continually 
breaking up and their constituents changing 
partners; this breaking up and re-formation of 
tho molecular aggregations would produce the 
same effect as the collisions between the moIe> 
eules of a gas, that is, it would tend to equalise 
the distribution of momentum end energy, so that 
it would make tho substance possess viscosity, 
and bo able to conduct heat. In fact, the 
collision between two molecules of a gas is the 
formation and breaking up of a molecular aggre¬ 
gation, and tho dilforence between this case and 
that of a solid or a liquid is that the ratio of the 
time the molecular aggregation lasts to the time 
which olai)scs between tho formation of sue* 
ecssive aggregations is much smaller in the case 
of the gas than in that of the liquid or solid. 
The simplest state of aggregation wo can imagine 
is one whore the molecule and tho atom are 
identical, that is, where the molecule consists of 
only one atom; this case is realised by a mon¬ 
atomic gas such as mercury, and possibly by all 
gases when tho temperature is sufliciently liigh. 
The properties of matter in this state have not 
been investigated with s^iccial regard to tho 
differences between this and more complex 
states of aggregation; Schuster (Pr. 1885), how* 
ever, has shown that the phenomena of tho 
electric discharge through mercury vai)our are 
quite (lifTcrent from those occurring in a gas 
who.so molecules are polyatomic. 

In tho case of most elementary gases tho 
molecules consist generally of two atoms, and 
tills ease lias received by^far the largest amount 
of attention botli from the experimental and the 
theoretical point of view. The most important 
results of the kinetic theory of gases from tho 
clicmicalpointofvicw arc:—first, A.vogadro’s law, 
wliich slates tliat«in equal volumes of all gases 
at the same temperature and pressure there are 
tlie same numbers of molecuh's. From this it 
follows at once that, as long ns all the molecules 
consist of tho same number of atoms, the ratio 
of the molecular weights of two gases is tho 
same as the ratio of their densities. It must, 
however, bo clearly understood that tins result 
is only true for i:>crfcct gases, tliat is, for gases 
in which tho pressure is produced entirely by 
the striking of tho molecules against the sides 
of tlie vessel containing the gas, and not at all 
by tho force between the molecules. If a gas 
obeys Boyle’s law it is a ijerfcct gas for this 
purpose, and wo may apply Avogadro’s law to it; 
this law is not, liowever, appTicable when Boyle’s 
law docs not hold. If the departure from tho 
law bo s1igh^, and if fy be tho deviation ot pres* 
sure from that given by Boyle’s law, then the 
number of molecules in unit volume will equal 
the number in tho same volume of a perfect gas 
at tho same temposature and pressure multiplied 

by , wherep is thopressuro, Thisflorreo* 

tion is qvite appreciable in the oase.ot all bpt 
tho most permanent gases. Maxwell investi* 
gated tho distribution ot velocity among ; 
molecules ot a gas, and showed that when ^ 
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cu ttu {n a atftte tha moleeulea coold inTolTedt it ve {nerea>^ the lengths 
^ot ^ be movingwikh the same veloci^; be portionately to the rafefaotion, the gas would 
gave {P.M. [4% 19,22) a formula which tells how not show any oi those properties which character- 
many molecules there are whose velocities are ise the so-called uRra-gaseous state, while, on 
between any assigned limits. We shalrhere, the other hand, if we experimented with small 
however, only give a few numbers calculated from enough instruments we could get all the ultra- 
that formula. To take the case of oxygen at gaseous effects mt^ifest^ by a gas at the atmo* 
0^0., about g- the molecules are moving with spheric pressure. 

velocities of between 300 and COO metres per The distribution of energy among the mole- 
second, about ^ between 300 and 100, only cules is of much chemical interest. It seems, 
ifc velocities less than 100 metres liowever, that in one respect the .results of 
per second, and not thW with velocities theory have been misinterpreted; it has been 
greater than 1,200 metres per second. The sai<l that because iodine, for example, is dis- 
velocities with which the molecules of the same sociated at a temperature a little over 600®, and 
.gas are moving at diffoicnt temperatures are since in iodine at any temperature them are, 
proportional to the square ro )ts of the absolute some molecules possessing the same amount of 
temperatures; thus the distribution of velocity energy as those wiiich are split up at 600®, that 
among the molecules of oxygen at 273°0. would therefore these molecules ought to be split up, 
bo got by multiplying by all the velocities at i and if any substance were present capable of 
0®0. The velocities with which the molecules i combining with free iodine the whole of the 
of different gases are moving at the same tem- iodine would ultimately combine with this sub- 
peraturo are inversely proportional to the square stance. Now although there are apparently no 
roots of their molecular weights; thus, for exi)erijnent3 which may be called secular to say 
example, the velocities of the liydrogon mole- whether or not this would ultimately happen, 
cules are on a scale four times as groat as that yet it is certain that it docs not liappen so quickly 
of the oxygen molecules. as theory would indicate, if every molecule 

We can estimate by the methods of tho which possessed the same kinetic energy as 
kinetic theory of gases (see Moyer, Die Kiiie- that possessed by the average molecule at 600® 
tische Theorie der Gase) tho numW of mole- were straightway dissociated and entered into 
culcs in a cubic centimetre of the gas, and tlio combination with the otlier substances present; 

diameter of tho molecule, if tho molecule is there seems, liowever, to bo no reason why this 

looked on as a hard elastic sphere; or if the should be tho case, for though one molecule at 
molecule be considered as a system, wo can 0° may have the same energy as one at 6(K)®, 
estimate the distance between two molecules yet dissociation must depend upon the surround- 
when llicir paths become appreciably curved, ing molecules as well as upon tho molecule 
We find as tho result of such caiculations itself. Now the molecule at 600®, though it 

that there are about 21 trillion molecules possesses at any instant tho same energy as one 

in a cflbic centiinetro of gas under the j at 0®, is yet surrounded by molecules which are 
pressure of 760 mm. of mercury at 0®C; zo ! moving very much faster than itself, and whose 
that the mean distance between tho mole- j energy is much more nearly equal to its own, so 
cules is between 3 and 4 milliontlis of a I that it is not so likely to lose its energy by 
millimetre, or about 3*5 x 10“’ centimetres ; tho | collision with other molecules as the molecule 
diameter of tlie molecule «s probably between | at 0® which is surrounded by molecules with 
1x10*’ centimetres and 3x10'® centimetres, ' much less energy than itself. For this reason the 
or between j and of tho mean distance i tendency to dissociate will be very much greater 
between the molecules. Another quantity which | at 600® tha.! at 0®,aiid a molecule at tho former 
it is important to know in the mean distance | temperature may dissociate while the latter may 
through wliicli the molecule passes between two lose its energy before this can happen. * 
collisions; this is called tho mcanfreo path of The distribution of energy affects the specifio 
tho molecule, and it is inversely proportional heat very much; so lliat if wo know the 
to tho density. For hydrogen at tho pressure value of the specific heat wo can toll a good 
of 760 mm. of mercury the mean free path is deal about the energy of the molecule, as the 
about 1’8 X 10'^ centimetres; at the pressure of following theoretical investigation will show* 
1 mm. the free path is about of a millimetre; Let us begin with tho case of a gas the molecate 
and at a pressure of a millionth of an atmosphere of which is of any degree of complexity, measured 
about 18 centimetres. When tho free path is i by tho number of degrees of freedom,p. There 
comparable with tho dimensions of tho vessel is a theorem duo to Boltzmann which states 
in which the gas^ inclosed, the gas can exhibit that the mean energy coftesponding to each 
phenomena of a different character from those degree of freedomJs the same, so tliat the mean 
shown when the free path is indefinitely small „ 

compared with the dimensions*of the vessel, total energy of the molecule is times the moan 
The radiometer exhibits effects of this kind, and ^ o • • 

Crookes has called a gas rarefied so much as to energy duo to the translatory motion of the 
show rotation in a radionpjtor, matter in tho centre of gravity. Though there is very strong 
fourth or ultra gaseous state. But this is using evidence against the truth of the theorem in this 
tho word state in a different sense from that in form, and the mathcmaticad proof o! it is nn-. 
whioi» it is used in the phrases solid, liquid, satisfactory, yet a very special case of it is pro- 
and gaseous, states; for these stwtes do not bably true, viz. that if wo have a mol^iule eon- 
depend upon anything but the matter itseiy sisting of n atoms approximately symmetrically 
' the nltra-gaseons state depends upa i arranged (that is, if the distance between a pa|> 
i|!^ mtla df the Ires path to the other lengths tioular pw of atoms Is not always very mvm 
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ksB (hvi tbe distances between tbe other pain)* 
then the ratio of the meati total kinetic enerii; of 
the molecule to the energy due to the translatory 
motion of its centre of gr^ity is proportional 
to It, the number of atoms in the moiecnle. 

Let tbe ratio of the total kinetic energy to 
the translatory energyesf th(^ centre of gravity, 
which by the kinetic theory of gases is measured 
by S the absolute temperature, be j3u. Then the 
total kinetic energy iti the gas = 

when n' is the number of atoms in the gas. If 
all the atoms be of the same mass, m, and the 
quantity of gas be the unit of mass, then N'm = 1, 
SO that the total kinetic energy in the gas 

QQ 

*3 —.which, if B be the same for all elementary 

gases, is inversely proportional to the atomic 
weight of the gas. If the gas had been a com¬ 
pound such that each molecule consisted of a 
atoms of mass in, b of mass c of mass 
and so on, then for unit mass of the gas, 

K'{ma + m'b + m"c) ^ w 
Ja + bTc) 

to that the energy in unit mass 


$0{a -f 6 f c) 

"*ina + m*b f 

Now a + b + c is the number of atoms in the 
molecule, and ina + vi'b + m"c is the mass of a 
molecule, so that the energy of unit mass 
^ j3fl(namb er of atoms in the molecule) 
mass of the molecule. 

ns first suppose that all the energy in the gas is 
kinetic, then the energy in unit mass of the gas 


at temperature d is so that the specific heat is 
B6 * 

— or the product of specific heat into the mass 

m, 

of an atom, which is called the atomic heat, is 
equal to jS, and, as experiment shows, does not 
vary much from gas to gas. For a compound, 
we see from the expression given above for the 
energy, that the pr^uct of the specific heat into 
the mass of a molecule equals i8(nunU)cr of atoms 
in the molecule), so that for all perfect gases, 
simple or compound, the product of tho specific 
beat into the mass of the molecule = ^(number of 
atoms in the molecule). Wo may remark that 
with our assumptions theratioofthe specific heat 
at constant pressure to that at constant volume 


_ K . _ 

8/3 \ p/number of atoms in the 
molecule, 

when 8p is tho deviation of the pressure from 
that given by Boyle’s law. The experimental 
results show that fc^ most perfect gases, simple 
or compound, the molecular heats are constant, 
showing that 0 is constanV^for such gases, or 
that the whole kinetic energy is proportional to 
tile proddbt of the number of atoms in tho mole¬ 
cule and ^the energy due to the translatory 
motion of the centre of gravity. There are, 
however, some simple gases, such as chlorine 
and bromine vapour, whoso atomic heats are 
much higher than the value given by the above 
rule. Tijj^eso gases are, however, easily liquefied, 
and so when heat is applied, work is done in 
fdtering the molecular state as well as in raising 
The temperature; this will produce an effect 


equivalent to increasing 0 , and will therefore 
explain the large value of the atomic heat/ 
We ^ould expect a large value fol this quantity 
too ii the gas were dissociating. - Tliere are 
some compound gases, on the other hand, such 
as ammonia, cthylbne, and marsh gas, whose 
molecular heats arc too small to agree with the 
above rule, if we suppose that the number ol 
different systems in the molecule is the same 88 
the number of atoms indicated by the chemical 
formula of the gas. If, however, two or more 
atoms always remain close together, they will 
for our purpose count as one atom, as it is only 
when the molecules are approximately symme¬ 
trically arranged that wo can assume that tho 
total energy is proportional to the number of 
atoms. The total energy is proportional to tho 
number of distinct systems; and if a group of 
atoms always remain close together they only 
count as one system, however many atoms there 
may bo. If, for example, tbe atoms in a radicle 
always remain together, tho radicle, for this 
purpose and in the formula for tho ratio of the 
specific heats, will only count as one atom. We 
may therefore regard those compounds which 
have too small atomic heats, as consisting of but 
few separate systems, though there may be a 
great number of atoms in tho molecule. 

Tho determinations by Bulong and Petit and 
others of tho specific heats of elementary bodies 
in the solid state show that for these bodies the 
atomic heat is approximately constant, while 
Kopp’s experiments on the s)>ecific heats of com¬ 
pound solid bodies show tliat for many such 
solids the product of the mol. w. and the specific 
heat is proportional to tho number of atoms in 
tho molecule, just as for gases. The expression 
for tho kinetic energy of uiait mass of 11 solid will 
probably be of tho same form as that wliich we 
found for a gas; for this only depends upon the 
assumptions that the absolute temperature is 
proportional to the mean energy due to the 
translatory motioneof the centre of gravity of 
tho molecules, and that tho ratio of the mean 
total kinetic energy of tho molecule to the 
mean energy duo to the translatory motion of 
the centre of gravity is proportional to the num¬ 
ber of atoms in tlm molecule. These assump¬ 
tions will probably hold for tho solid and liquid 
as well as for tho gaseous state. We must re¬ 
member that wlicn iicat is applied to a solid or 
liquid, work is done in altering the molecular 
configuration as well as in increasing the kinctio 
energy of the molecules. All solids and liquids 
appear to be able to get into a condition in 
which tho specific heat docs not alter with the 
temperature, and it is in this condition that the 
atomic heat is constant. Ifbw if tho specifio 
heat is independent of the temperature, tbe 
work spent in altering tbe molecular configura¬ 
tion must bear a constant ratio to the work 
spent in increasing the kinetic energy; and if 
tho atomic heat is constant this ratio must be 
the same for all sul^atancos; so that Bulong and 
Petit’s experiments show that when heat ie 
applied to a solid or liquid it is divided between 
the energy of molecular configuration and the 
mean kinetic energy, in the same proportion for 
^11 substances; and since for many substances, 
Vuch as iodine, bromine, mercury, tie., the^ 
specific heat in the solid state is twice that in 





Ihe gaseous, it is equally divided between these 
Ifo foras ol energy, a result which purely 
dynamical considerations would also lead us to 
regard as the most probable one. The specific 
heats of liquids seem to be more irregular Ithan 
those of either solids or- gases, but the 
bodies for which this is the case arc those whose 
melting and boiling points are comparatively 
close together, and we may suppose that the 
nature of the molecular configuration alters 
with each change in temperature, and this 
makes the specific heat abnormally large. Tho 
Bpooifio heats of those substances which exist in 
the fluid state through wide ranges of tcinpera- 
ture seem to ho the same in tho solid and fluid 
states. 

When tho specific heat of a solid compound 
is much smaller than tlie number of atoms in it 
would lead us to expect, w’e may, just as in the 
case of a gas, conclude that two or more atoms 
always remain close together in tho molecule. 
It is important to notice, however, that tho 
specific heat cannot give us any information 
about what we may call the molecular aggrega¬ 
tion of the solid or liquid, that is it alTords no 
information as to whether the molecules are 
isolated or form groups, for if we suppose tho 
molecules to unite and form more complex ones 
the atomio heat would remain the same as long 
as tho energy was equally divided among the 
atoms or radicles forming tho molecules. 

Change op State.—Ga.seou8 to Liquid. 

By the application of great pressuro accom¬ 
panied when necessary by intense cold, all gases 
have been liquefied, and during this process they 
pass through all intermediate states, so that at 
some stagctff the process it is impossible to tell 
whether the substance fs a gas or a liquid. It is 
found that there is for each gas a temperature 
above which it cannot bo liquefied by the ai)pU- 
cation of the most intense pressuro, so that at a 
temperature higher than this^the substance can 
only exist as a gas. This temperature is called 
the critical temperature, and Andrews has pro¬ 
posed to call a substance at a temperature 
higher than its critical temperature a gas, and 
one which though in a gaseous condition is yet 
at a temperature lower than tho critical tem¬ 
perature, a vapour. Van der Waals {ContinuUdt 
des Qasformigcn wid JlUssigen Zmtandes^ 87), 
and Clausius {W. 9,1880), have shown how to 
calculate the critical temperature from the 
diflerenoe between the pressure of tho gas in 
any state and that given by Boyle’s law. 

We shall here confine ourselves to showing, by 
general reasoning, that a critical temperature 
must exist. When adbody is in the liquid state the 
ratio of the work required to separate the parti¬ 
cles to an infinite distance to the kinetic energy 
of the molecules must exceed a certain limit, for 
the substance will behave as a liquid or a gas 
according as the forces between the molecules 
are or are not able to change their kinetic energy 
appreciably in the interval from one collision 
to another. The molecules will chango their 
kinetic |Dergy appreciably if the ratio of tho 
alteration in the mutual potential enemy of thf 
molecules to their initial kinetio energy is finite^, 
bat for this to be the case the ratio pf the work 
raquirad to separate the molecules to an infinite 


distance^must be finite/so for a body to be In 
the liquid condition this ratio must exceed a 
oe^in quantity, say, b. Let v be the work re- 
quired to separate ore of the molecules from the 
remainder, and t the kinetic energy of the transla- 
tory motion which is proportional to the absolute 
temperature; then^the pubstance will behave 

like a liquid if -I- be greater than B, but like a 

T 

gas if bo less than this quantity. Now T 

cannot bo greater than the work, v', required to 
separate the molecules when they are quite close 

together, so that when t> —the substance 

K 

will always behave like a gas. Now t is pro¬ 
portional to the absolute temperature, so that 
when tlic absolute temperature exceeds a certain 
value the substance will always behave like a gas, 
that is, it cannot be liquefied. This shows that 
there ]nu.st be a ‘critical temperature,* and it also 
shows tiiat the critical temperature is propor¬ 
tional to the work required to separate the mole¬ 
cules ; a measure of this will bo tho amount ol 
heat required to convert the substance from a 
liquid into a gaseous state under infinite pres¬ 
sure. We can take as a practical measure the 
latent beat of the substance. The mean kinetie 
energy of the translatory motion equals the 
absolute temperature, so that if h be the latent 
heat, 0 the critical temperature, Nv' will be pro¬ 
portional to ft, where n is tho number of mole¬ 
cules in unit mass, and t is proportional to 0, 

BO that since is constant, we should expect 

to find that the critical tcmiiorature multiplied 
by the number of molecules in unit mass—or^ 
what is proportional'to it, the reciprocal of the 
molecular weight-ought to be related to the 
latent heat so that when one is great the other 
is great also. The following table will show 
that this condition is approximately fulfilled 


Substanoe 

Abso¬ 

lute- 

criti¬ 

cal 

tem¬ 

pera¬ 

ture 

Critical 
teinpera- 
turo 
diriilod 
by mol. w 

Latent 

Alcohol C..H,0 . . 

610 

111 

209 

Acetone CgH^O • . 

605 

8-7 

140 

Carbon disulphide CS. . 

646 

7-3 

106 

Benzene C.H. 

558 

7-17 

109 

Methyl acetate • 

60;t 

6-8 

110 

Etliyl formate . 

603 

6-8 

105 

Sulphurous oxide SO^ . 

420 

6-7 

94 

Ether C,H,„0 

As 

6-3 

94 

Ethyl acetate C^K Oj . 

513 

6-83 

106 

Chloroform CHClj , 

633 

4-61 

67 

Carbon tetrachlorideCOl, 

667 

S-6, 

52. 


Passage fbom the Liquid to tub Gaseous 
State. 

Though it requires the application of presBure 
and cold to make a substance pass from the 
gaseous to the liquid state, yet the substance 
will always to a limited extent pass of itself 
from the liquid into the gaseous state. In the 
space over a liquid in the equiiibrium oonditictt 





li)^ b al«iqfs « 

li4Qi^ Ihe qoftntit; ol^ vapotu in unit roltuae 
d^ndisg only on the nature oi the litiuld end 
the temperature; in othgr words, the vapour 
exerts a definite pressure called the vapour pres- 
iure (often erroneously the vapour tension). If we 
have a quantity of liquid in a vessel furnished 
with a piston the liquid fnll evaporate until 
there is a certain quantity of vapour in each 
unit of volume above the liquid; if wo depress 
the piston so that this volume diminishes by 
T then a quantity of vapour equal to that in 
volume V will condense; if the piston bo raised 
4tgain the vapour wilt be re-fonned. In this 
way wo can have a continual transference from 
the gaseous into the liquid state and back again. 
In this process, however, we have only matter 
In these two states and have no continuity of 
state from the gaseous to the liquid as we had 
in the process by which the permanent gases 
are liquefied. The vapour pressures of different 
liquids vary enoi-mously; thus for sulphuric acid 
the vapour pressure is so small as to be almost 
inappreciable; for sulphuric acid, mixed with its 
own volume of water, it is about one-eighth of a 
mm. at 15°C.; forwater at the same temperature 
it is about 12 C mm.; for alcohol, 32 mm. The 
vapour pressure always increases as the tem¬ 
perature rises, but until the temperature reaches 
a certain value depending on the pressure, the 
liquid which evaporates is always that on the 
surface, and none of the liquid in the interior 
•passes into the gaseous condition. When, how¬ 
ever, the vapourpressure becomes greaterthan the 
pressure on the surface of the liquid, the bubbles 
of vapour which form on the sides will be at a 
pressure equal to or greater than the xrressure 
in the surrounding fluid, and so will exirand 
and be able to reach the top without con¬ 
densing. When this takes place, i.c. when 
portions of the liquid not on the surface are 
converted into gas, the liquid is said to boil. 
'The temperature of the boiling-point will increase 
with the prc.ssure; it cannot, however, even by 
Iho application of an in Unite 2 )rcssurc, bo raised 
above the critical temperature of the substance. 
Bodies which have small vapour pressures at 
■ordinary temperatures have high boiling-points; 
but it does not follow that because the vapour 
pressure of one substance is at some tempera¬ 
ture greater than that of another its boiling- 
point will be lower; ior example, at 15''C. the 
vapourpressure of carbon tctractiloridc is greater 
, than that of methyl alcohol, though its boiling 
point is higher. According to the molecular 
theory, some of the molecules manage to escape 
from the liquid, we may Buppo.se because they 
jire moving so feat as to be able to escape from 
the attraction of the other molecules; ou the 
4>tber hand, some of the qjff.!ccutc5 of tho vapour 
.fthke the surface andjjgti' caught by the mole- 
•■^es af liquid. Wl^.n things are in a state 
-of equilibrium as many molecules escape from 
^tbe liquW as are caught by it. 

Although the vapour densities of many sub- 
iStanoes have been determined, few experiments 
■seem to have been made on the rate of evapora- 
iiOD ^d condensation. The knowledge of these 
irates would very much increase our knowledge 
-of the constitution of finids. h 

The forces between the molecnlea in the 


; Uqnrdetttemnstbei^itfble, otherwttewe 
not be able to apend work npon • liquid withoixk 
inoreasing the kineiio energy, aa we do when ws 
convert water into steam at the same tempera-. 
turei The latent heat may he taken as a mea¬ 
sure of the potential energy lost by the transi¬ 
tion from the gaseous to the liquid state. In n 
fluid the potential energy of the molecular oon- 
iiguration seems to depend only on the mean 
distance between the molecules; for the fluid 
resists anything tending to diminish its volume, 
but does not resist anything tending to change 
its shape. When the fluid is in such a condition 
that its speciflo heat is independent of the tem¬ 
perature then any increase in the kinetio energy 
must be accompanied by a proportionate increase 
in tho potential energy of the molecular con¬ 
figuration. Now, if the forces between tiro mole¬ 
cules are large it will require a smaller inoreasa 
in the distance between them to increase tho 
potential energy by a given amount than it they 
were smaller; so that for a given increase in the 
kinetic energy, that is, a given rise in tempera¬ 
ture, the increase in volume will be less when 
tho forces between the molecules are great than 
when they are small, so that the coefficient of 
expansion will bo small when tho forces between 
tho molecules are great, but when the forces 
between the molecules are great the fluid is in¬ 
compressible and the product oi the mol. w. and 
latent heat is large; so that we should expect a 
small coefficient of expansion, incompressibility, 
and large latent heat for equal volumes to go 
together, and wo find by the following tables 
of these quantities that this seems to be tbs 
case. 


Substanco • 

rroiliKtt oJ 

latent bout 

and mol.w. 

Oooffl- 
(A‘nt of 
expan¬ 
sion 

Oom- 

pressl* 

Water, IT,0. . , . 

11,088 

•000065 

4-61 

iJonzcue, C„ir, » • , 

8.51)3 

•00138 



8,120 

•00172 


Chloroft.i-m, CJrCI, . 

7,9oC 

•01)140 


Carbon tetracliloriile, CX3I* 

7,»0t 

•00140 


Kthcr (0,ll,)aO . . , 

6,556 

•0021 

tO-8 

Cftrbon bisuipliide, CS, . 

6,8-10 

•00146 

6-2« 


A peculiarity of water is that it is denser at 
4°C. under atmosidierio pre.ssure than at any 
other temperature under tho same pressure; we 
may perhaps 6U))posc that this is duo to some- 
tiling of the following kind. Wo know that 
wlicn water freezes it expands and crystallises 
in the hexagonal system; now wo may suppose 
that, before tho water solidifies, molecular aggre¬ 
gations are formed which ])Ossgss tlie same pro- 
lierty as is possessed by the ice eiyslals, via. 
that when tho molecules ^e arranged in this 
way they occupy a greater volume than when 
arranged uuilormly—tho formation of these 
aggregatioMs would tend to increase the volume 
and might be sufficient to more than counter¬ 
balance the diminution due to the nearerapproach 
of those particles which do not form these aggre¬ 
gations. 

CnANOE or Stwb rnoii Solid io Liqoio. 

ttnieu the temperature of a solid* is raiaei 
snfficieiftly high it begins to melt. There, tf* 
two kinds of melting; in the one, as in the:****' 
of iee, if tSe heat is applied alowly the tmfiuii- 
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htoaina awatoii natil aS tito inMmoa 
hw paaaed itom the loHcl into the liquid 
•tsto in thie c#ee there is a definite melting- 

r nt. In the ower case, ot which an example 
the melting oi sealing-wax, the substwse 
first begins to soften, then as more heat is ap^ied 
it gets softer and softer, its temperature, however, 
increasing until when a certain temperature is 
reached the substance is liquid; in this case 
there is no definite melting-point, as the process 
U spread over a considerable range of tempera¬ 
ture. This would seem to imply that the sub¬ 
stances which melt in the second way are not 
perfectly homogeneous in structure, but contain 
molecnlu aggregations ot various degrees of 
complexity, which get gradually split op as the 
temperature rises; while those substances which 
melt like ice have a more uniform constitution, 
SO that any change of state takes place simul¬ 
taneously through the molecules. This would 
obviously tend to make the- transition more 
definite. This view is in accordance with the 
fact that crystalline bodies, which are generally 
regarded as being more uniform in structure 
than non-crystalline, all melt in the same way 
as ice. SciUing-wax in the state ot transi¬ 
tion is what is called a viscous body; so that 
on this view a viscous substance is regarded as 
a mixture of molecules some of which arc in the 
same state as they are when the substance is 
liquid, and some are in the same state as they 
are when the substance is solid. A dynamical 
illustration will enable us to see how such a 
body might behave like a rigid body under the 
action of rapidly changing forces, and like a 
fluid under constant or slowly varying forces. 
Suppose wo have a series of heavy spheres con¬ 
nected by strong springs placed upon a hori- 
aontal table, and that ^ne end of this row of 
spheres is fastened to a peg which cannot sustain 
a tension greater than i without breaking; 
then if a steady pull, t, be exerted at the other 
end of the row of spheres the string will break, 
but if the tension at the eift, instead of being 
steady, be periodic, and if the period of vibration 
be greater than the natural period of vibration 
of the spheres and springs, then if the number 
of spheres bo groat enough the string will not 
break, though a tension enormously greater than 
I is acting at the other end. This is quite a 
parallel case to that of the viscous fluid; the 
■prings and spheres correspond to those mole¬ 
cules which are in tlie same condition as when 
the substance is solid, the string to those in the 
fluid condition. 

The change of state from solid to liquid 
ceems to be always accompanied by a change in 
volume, and when ^lis is so the mulling-pohit 
—as J. Thomson proved—must be altered by 
the application of pressure. Thomson showed 
that this followed from thermodjmamical con¬ 
siderations ; and that when the substanceexpanded 
on solidification, like ice, the melting-point was 
lowered by pressure, but when the substance con¬ 
tracted on solidiScation the melting-point was 
raised by pressure. The most important sub- 
stanoea which expand on solidification are water, 
bismuA, antimony, and cast-iron; none of these 
nystaUises in the remlar system, so titat we may 
tnppose that the molecules are arranged unsym-y 
Uit^dUri that while soma ats ndhret together 


than when in fh« state, others arb further 
apart, producing on the whole an increase of 
volume. * 

The speeiSo heat ot a body in the solid 
condition is in generaf leas than when it is in 
the liquid, except for those substances whose 
melting and boiling-points are very far apart, 
when it seems to be nbouMbe same in the two- 
states ; if wo know the specific heat ot a sub¬ 
stance in both the fluid and the solid state at 
all temperatures, we can find the amount of 
heat necessary to conv<-it unit mass of the sub¬ 
stance from the solid to the liquid state. For 
Clausius has proved that if K be the latent heat 
at llie temperature f, s, and s- the speciflo heats 
in the solid and liquid states respectively ai 
the same temperature, then 


A similar equation will apply to the change 
from the liquid to Iho gaseous state. Some 
bodies, such as camphor and iodine, sublime, 
that is pass directly from the solid to the gaseous 
slate, and as these bodies exhibit a definite 
vapour-pressure—they must also pass directly 
from the gaseous into the solid states. 

In the solid and liquid states the moleoule is 
probably a very much more complex thing than 
the g.ascous molecule, it is probably also not 
nearly so definite. Maxwell, in the article 
‘ Atom ’ in tho Eneydofaiia Britanniea, shows 
how tho hypothesis ot groups of molecules of 
different degrees of stability would explain the 
residual cflccts of elasticity, and states that in 
his view a solid consists ot groups of molecules, 
some ot which are in different oiroumstanoes 
from otliers. J. J. T. 

AGONIABIH C,jn„0,. A crystalline bitter 
substance occurring in Agouiada bark (from 
I'lumcria longifolia),'vihkh is used in Brazil as 
a remedy for intermittent fever. Needles, very 
bitter, V. si. sol. ether, v. sol. hot alcohol, and 
C8... Nearly insoiublo in cold, easily soluble in 
boiling water. When boiled with sulpburio acid 
it yields a sugar (Peokolt, Ar. Pit. [2] 1^, 

AIACREATINE C.H„N,Oj i. e. 
Nn,..C(NII).NH.CIIMe.Cdjio.gira)iido-^^io»to 
acid. S. 8-3 at 15 ’. Formed by mixing oonc. 
solutions of alanine and C3anamide, adding a 
little NH„ and allowing tlio mixture to stand 
(Baumann, A. 1C7, 83). Small prisms, v. al. 
sol. cold alcohol. At 180^ it changes into its 
anhydride, alacreatininc. Boiling baryta-water 
forms alanine and urea, or its decomposition- 
produets, CO- and Nil,. HgO oxidises it, forming, 
guanidine. 

Mcthyl-aldcreatine • 
NH,.C(NH).NMe.Cl[Me.CO.,n. From o-methyl- 
amido-propionic acM- ^vangmido. and a little 
Nil;, (Lindcnberg, JOk. [2] 12, 253). Mono- 
clinic prisms, si. sol. emfi water or alctftol. • 

AtACEEATININE C,H,N,0 aq. formed by 
dehydration of alacrcatine by the action of heat or 
dilute acids, crystallises from water in long prisms, 
which give off aq in dry air or at lOO”. M. sol, 
alcohol, moro soluble in water than alacrcatine. 
With zino chloride it forms crystalliv scales 
(O.H,N.O),ZnCl„ S. 4-36 at 20», T. s' -"i 
slflohol (Baumann, B, 6,1371). 





iUJratl 0,H,N6, »•* OH,.OH{NHyCOjH 
•■amido-propionic acid. Mol. w. 89. B. 2-2.»t 
17*; S. (cola alcohol oPSO p.o.) ‘2. 

Formation, —1. From ethylio (Wjhloropro- 
pionate and ammonia (Kolb«, A. 113, 230; 
Streoker, A. 76, 29).—2. From o-bromopropionic 
acid and alcoholic ammonia (Kekul4, A. 130,18). 

Preparation.—An »quoo»3 solution of 2 pts. 
aldehyde-ammonia is mixed with aqueous hydro¬ 
cyanic acid containing 2 pts. HCy; hydroehloiic 
acidis added in excess; the mixture is evaporated 
to diyness over a water-bath; the residue is 
digested with a mixture of alcohol and clhor, 
which leaves NH,C1 undissolved (Strecker). 

Prqpcrfics.—Tufts of colourless needles or 
oblique rhombic prisms, having a nacreous lustre. 
Sublimes at 200°. V. si. sol. cold alcohol, iusol. 
ether. The aqueous solution has a sweet taste, 
does iiot affect vegetable colours and gives no 
preoipitates with any of the ordinary reagents. 
Alanine is isomeric with urethane, lactamide, 
and sarcosine; distinguished from the two former 
by not melting below 100°, and from the last by 
its solubility in water and its behaviour to 
metallic oxides. 

Beaclions. —1. Not altered by boiling with 
dilute acids or with alkalis. —2. Fused with 
KOH, it gives off hydrogen and ammonia and 
forms cyanide and acetate of potassium.—3. 
Besolved by boiling its aqueous solution with 
PbO.^,into aldehyde, carbon dioxide, and ammonia; 
C^,NOj + 0 = C JI,0 + CO, NHj.- 4. Dccom- 
posed in aqueous solution by nitrous acid, with 
evolution of nitrogen and formation of lactic 
acid. II. W. 

AIuUII CAMFHOB Cigll.jO. Occurs in 
elecampane root, and is obtained together with 
solid alantic anhydride by distilling with water. 
Liquid smelling like peppermint, boiling at 200°. 
Heated with r^O,, it yields a hydrocarbon C|,H|, 
which boils at 175°, and is converted by oxidisa- 
tion with chromic acid into terephthalio acid 
(Kallen). H. \V. 

AI^TIC ACID CijIIjA [91°].-Obtained 
from its anhydride (o. s«p.). Slender needles 
(from alcohol). Dissolves sparingly in cold, more 
readily in boiling water, very easily in alcohol. 
The iMrium salt forms warty masses moderately 
soluble in water. The silver salt AgC,.,U-,Oj 
forms small scales having a silvery lustre (Kal¬ 
len, B. 9,155). 

Alantic Anhydride C|jIL„Oj [05°], (275°), 
crystallises from dilute alcohol "in prismatic 
needles. Easily sublimable. Dissolves very 
sparingly in water, very easily in alcohol, etlier, 
(So.—The chloride Cull-iOjCl [110°J formed 
by passing HCl-gns into a solution of alantic 
acid in absolute dlcohoi, crystallises in largo 
rhombic tablets, inciting, with evolution of HOI, 
at 140°. It unites with^l^ses, forming salts 
which readily dccompoA, with separation of 
lAetallio^hlorides. liyf xcess of caustic alkali it 
is converted into dialantie acid, C„II,..()„ (?) 
—The aritide C,JI;„0.^.'NIIj [210°), obtained by 
passing ammonia-gas into an alcoholic solution 
of the anhydride, forms small crystals, melting, 
with decomposition at 210°, slightly soluble in 
alcohol,.resolved by potash into ammonia and 
l^tic acid. H. W. 

V. Fuoteios. 


AiOAiniiXS «. Aijiuimmt. 

ALOODEL, A gdatinons eompohnd d siUeh 
acid with alcohol (q. v.). ' ^ 

AlCOHOl Cja.O or EtOH^i^l alodhol, 
aqwLvita). Mol. w. 46. {78-2°) at 762-7 mm. 

(K. Sohiff); (78-3°) (Begnault); (78-4°) at 760 
mm. {Kopp,A. 92,9); (78 5°) (Perkin); (12-8°) 
at 20-9 mm.; (21°) at 41-8 mm. Kahlbaum, S. 
16,2480). S.G. W -79367 (S.); |5 -79503 (P.) [ 

-788-20 (P.); -8000 (liriihl). S.V. 62-18 S.); 

02-7 (Bumsay). V.l). 1-613 (for 1-691, Gay- 
Lussac). S.H. -615 (Kojip); -659 (20° to 78°) 
(Keis); -6019 (16°-20°); -6067 (16°-S5°); -6120 
(10°-40-5°) (J. II. Schuller, K Ergbd. 6, 116, 
192). H. F. p. 58,470. H. F. v. 67,020 (Th. iv. 
229).^ fig 1-3007 Ba, 20-31 (13.). M.M. 2-78 (P.). 

Name.—Tho term alcohol was used in the 
tinio of Libavius (1595) to denote a powder. 
Spirit dried over powdered potassic carbonate 
wasealledspirilusalcolisalas. Kopp (Oeschichte, 
iv. 281) suggests that this term does not mean 
spirit that has been treated with the powder, but ■ 
that it is a corruption of spiritas alcalisatus, or 
spirit that has been treated with alkali. Alcolised 
or aleoholised spirit was then shortened to alcohol. 

Occurrence. —1. In fermented saccharins 
juices.—2. In putrid, and even in healthy, 
tissues, such as ox-brain (Bdchnmp, C. It. 89, 
573).—3. In crude coal-tar bemscnc (about 2 
parts per million) (0. N. Witt, C. C. 1878, 410).— 

4. In the fruits and juices of some living plants 
(Gutzcit,A.177,344).—5. In bread (Bolas.C.AC. 
-27, 271).—6. In crude wood-spirit (V. llemilian, 

B. 8, 001).—7. Together witli acetone, in the 
urine of diabetic patients (Markownikoff, B, 9, 
nil, 1003). 

Formation .—1. By the decomposition of 
glucose under the influence of ferments (®. 
FnniiENTATioN): C„II,.,Os • 2C.jH,0 r -itOj. Levu- 
losc, maltose, and mclitose also give alcohol 
on fermentation.—2. From olefiant gas by dis¬ 
solving it in cone. HjSO„ diluting and distilling 
(Hennel, B. ill. 1820, 240; Berthelot, A. Ch. [8] 
43, 385): C,II, + H»SO, OASO.H 

C,H,SO.II + HjO =. C,lIsOII + IISOjH. 

The absorption of ethylene is greatly facilitated 
by heating the H,SO, to 100° or, better still, 
170’ (Goriainow a. Butlerow, A. 169, 147).—8, 
By reduction of acetic anhydride (Linnemann, 

A. 148, 249), acetyl chloride (Saytzeff, J. pr. 

[2] 3, 70), or aldehyde, by means of sodium- 
amalgam.—4. By heating ether at 170° with 
water slightly acidulated with H^SO, (Erlen- 
meyer a. Tseheppe, E. [2] 4, 343). 

I'rejMralion.—iVlte.'i aqueous solutions of 
grape-sugar are fermented by yeast, 95 p.c. of 
the sugar splits up into alcohol and carbonio 
acid, but 4 p.c. goes to form sueeinic acid and 
glycerin, while 1 p.c. is used by the yeast as 
food. Sm.all quantities of )t-propyl, iso-butyl, 
and the two isp-amyl,slcohol3,Me,CH.CH,.CHjOli 
j and MeEtOii.011,011, arc also formed. Ths 
mixture of these four alcohols is known as fusel 
oil. According to Kabuteau (0. B. 87, 600), 
potato spirit contains also iso-propyl, n-butyl, 
and secondary amyl alcohols. 

The liquid to be fermented must contain 
nitrogenous matter and some inorganic talts to 
serve as lood for the yeast; grape-juice, or s 
l^ixture of water with germinating barley (malt), 

I to which a mash of potatoes may be addedi, ate 
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unoi^nised iesmMrt'iki mftlt|,<K}n'reiriSthe>fll&rdb. 
«! the pbfratoes intoalugar.'maHose, wtiioh then 
und^rgoee alootiolio termenlation. 

When any of these alcoholic liquids are 
distiUed the first portions of the distUlatp are 
rich in alcohol. By repeated rectification 
* rectified spirit ’ containing 91 p.c. of alcohol 
majr bo got. Fusel oil may be removed by 
adding to the spirit abont ‘7 of its weight of 
coarsely powdered charcoal, leaving the mixture 
to stand for several days, and stirring repeatedly, 
then decanting and distilling. Animal or blood 
charcoal may also be used. 

Absolute AlcoJiol. —The last traces of water 
may be removed by repeated rectification over 
freshly heated K.CO 3 , CaO, BaO, CuSO„ or CaCl.,. 
The best way is to digest strong spirit with quick 
lime at 40*^ for two hours, and then, on cUstiU 
ling, to reject the first and last portions 
(Mendol4cff, Z, I 8 O 0 , 260). If the spirit contain 
more than 6 p.o. of water a second treatment 
with lime will be necessary (Erlcnmcycr, A. 160, 
249). If dry baryta be used to complete the 
drying, as soon as the alcohol is absolute it will 
become yellow, dissolving a Utile BaO (Berthelot, 
J. 1862, 302). 

Inferences. —C. Bullock, Ph. [.3] 4, 801; J. 
li. Smith, Am. Ch., 5 120; Diltmar a. Stewart, 
C. N, 33, 63; Friedel a. Crafts, A. Ch. [4] 0, 6 , 

Properties. —A transparent, colourless, mo¬ 
bile, licpiid. It has a characteristic odour and 
burning taste. When undiluted it acts as an 
inflammatory poison. It solidifies at — 
(Wroblewsky a. Olszosvsky, Jli. 4, 33 ^). Very 
hygroscopic. Miscible with water. Burns with 
a pale flame. Snow (1 pt.) mixed with alcohol 
(2 pts.) produces a freezing mixture (-20'^, Bn. 
1, 237). • 

Alcohol dissolves fals, oils, resins, alkaloids 
and most organic substances. It dissolves CaCU 
and SrCL but not BaCl^; Ca(N 03 ).^ but not 
Sr(N 03)2 and l)a(N() 3 ) 2 ; LiCI but not KOI and 
NaCl. It docs not dissave carbonates or 
BUiphates. It dissolves I, Br, P, and S. 

The critical point of alcohol is 2.31-6‘’ at 
48,900 mm. At this point 1 g. occupies 3*5 c.c. 
(Bamsay a. Young, Pr. 38, 329). Alcohol vapour 
in contact with liquid acquires its normal 
density, 23, at fiO"^ (II. a. Y.). 

When alcohol is miyed with w’ater t mtrac- 
tion lakes place and heat is evolved. The 
maximum contraction occurs when 49‘8 vols. 
water and 53-9 vols. alcohol at 0^^ produce 100 
Tols. of mi.xturo instead of 103’7 vols. This 
corresponds to a possible compound, KtOlI 3uq 
(IiIendol 6 eff, Z. 1H65, 262). 

The greatest difference between the observed 
specific heats of E#lution 8 of alcohol and the- 
values calculated on the assumption of nnu'c 
mixture occurs in a Bolutioii containing about 
80 p.o. of alcohol by weight, corrtspomiing to 
the formula EtOH Oaq. The greatest dilTcrcnce 
between tlie observed and calculated boiling- 
points and between observed and calculated 
capillarity also occurs in the same mixture, but 
the maximum deviation from calculated (or 
mean) impressibility is exliibited by a solution 
contaimng 40 p.c. of alcohol by weight (Dupr 6 a. 
Page, JV. 17, 833; P. M. [4J 38, 168). The 
maximum rate of transpiration through capillaiy 
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, Dete^wn of Water. in 4fooJiol—1. CnSO. 
ought not to turn blue (Cassoria).—3. Benzene 
ought not to form % oloudiness, due to water- 
drops (Gorgeu, O.R. 30, 691).—3. Wet alcohol 
produces a pp. of BaO when added to a solatioh 
of BaO in absolute alcohol (Berthelot, 4. Ch. 
[3] 46,180)..—4. If llcohdl be added to a mixture 
ol anthraguinono ( 001 g.) with a little sodium 
amalgam, a green coloration indicates absence 
of water, otherwise a red colour is produce-! 
(Claus, B. 10, 927). 

The following table gives the percentages of 
absolute alcohol, determined by Tralles : 


Volumes 

per 

cent. 

Weights 

per 

cent. 

Specific 
gravity 
at IS'&ti*’ 

Voliitties 

per 

cent. 

Weights 
per' 
cent. 

dpsciflo 
gravity 
at 16*5«® 

0 

0 

1-0000 

61 

43-47 

•9316 

1 

0-80 

•9976 

5-2 

44-42 

•9295 

2 

1-00 

•9901 

53 

^5*3G 

•9276 

3 

2-40 

•9917 

64 

46-32 

•9254 

4 

3-20 

•9933 

65 

47'29 

•9234 

6 

400 

■9919 

50 

48-26 

•921S 

6 

4-81 

•9900 

67 

49-23 

•9192 

7 

6-62 

•9893 

68 

60-21 

•9170 

8 

6-43 

•9881 

69 

61'20 

•9148 

9 

7'24 

•9869 

60 

52-20 

•9126 

10 

8-05 

•9857 

61 

53-20 

•9104 

11 

8-87 

•9845 

62 

61-21 

•9082 

12 

9-C9 

•9831 

63 

65-21 

■9059 

13 

10-51 

•9823 

64 

66-22 

■9036 

14 

11-33 

•9812 

05 

67-24 

•9013 

15 

12-15 

•9802 

06 

58-27 

•8989 

16 

12-98 

•9791 

67 

69-32 

•8965 

17 

13-80 

•9781 

68 

60-38 

•8941 

18 

14-63 

■9771 

69 

Cl-42 

•8917 

19 

15-46 

•9761 

70 

62-50 

•8892 

20 

16-23 

•9751 

71 

03-58 

•8807 

21 

17-11 

•9741 

72 

61-G6 

•8842 

22 

17-95 

■9731 

73 

65-74 

•8817 

23 

18-78 

•9720 

74 

66-83 

•8791 

24 

19.62 

•9710 

75 

67-93 

•8766 

26 

20-46 

•9700 

76 

69-05 

•8739 

26 

21-30 

•9689 

77 

70-18 

•8712 

27 

2214 

•9679 

78 

71-31 

•3686 

28 

22-99 

•9668 

79 

72-45 

•8658 

29 

23-84 

•9057 

80 

73-59 

•8631 

80 

2169 

•9040 

81 

74-74 

•8603 

31 

25-55 

•9034 

82 

75-91 

•8576 

32 

26-41 

‘{HVl'2 

83 

77-09 

•8647 

33 

27-27 

•1)1)00 

84 

78-29 

•8518 

34 

28-13 

•9590 

85 

79-50 

•8488 

35 

28-99 


86 

80-71 

•8453 

30 

29-86 

•9570 

87 

81-94 

•8428 

37 

30-74 

•OS.'iO 

88 

83-19 

•8397 

38 

31-62 

•9541 


84-40 

•8365 

39 

32-50 

•06*26 

0(J 

85-75 

•8332 

<0 

33-39 

•^10 

91 

87-09 

■8299 

h 

34-28 

92 

88-37 

•8265 

42 

35-18 

•947^ 

93 

89-71, 

•8230, 

43 

36-08 

•9101 

94 

91-07 

•8194 

44 

36-99 

•9444 

95 

92-4^1 

•8157 

ib 

37-JO 

•0127 

90 

93-89 

•8118 

46 

38-82 

•9199 

97 

95-34 

•8077 

47 

39-75 

•9391 

98 

96-81 

•8034 

48 

40-60 

•9373 

99 

98-30 

•7988 

49 

60 

41- 69 

42- 52 

•9354 

•9335 

100 

100-00 

*•7939 





'ird«htt>A 
oi ibaelote 

• 

Bpedilo OiftTity, ref«rred to Water at 4^ 

Aloohol 

at0° 

atl0<»* 

at 20® 

at SO® 

0 

•99988 


•99831 

•99579 

6 

•99136 

•98113 


•986,80 

10 

•98493 

•98409 

•98195 

•97892 

16 

•97995 

•97816 

•97527 

•97142 

20 

•97566 

•97203 

•96877 

•90413 

25 

•97116 

•90672 

•90185 

•95028 

80 

•9G510 

•95998 


•94751 

35 

•95784 

•95174 

•94514 

-93813 

40 

•94939 

•94255 

•93511 

•92787 

45 

•93977 

•93254 

•9'2493 

•91710 

50 

•92940 

•92182 

■pin 

•90577 

55 

•91818 

•91074 


•89450 

60 

•90742 

•89944 

•89129 

•88304 

65 

•89595 

•88790 

•87961 

•87125 

70 

•88420 

•87013 

•86731 

•85925 

75 

•87245 

•86427 

•85580 

•81719 

80 

•86035 

•85215 

•84300 

•83133 

85 

•84789 

•83967 

•83115 

•82232 

90 

•83482 

•82665 

•81801 

•80918 

95 

•82119 

•81291 

•80133 

•79553 

100 

•80625 

•79788 

•78945 

•78090 


The following table is given by Fownca 
(Manual, 3rd ed. 691), the apeoifio gravities 
being taken at 16'6° C.: 


Percent¬ 
age by 
Weight 


Percent- 
ibgo by 
Weight 

Specific 

Grarity 

Percent* 
agG by 
Weight 

Sjieoifio 

Gravity 

0-5 

0-9991 

34 

IBM 

68 

0-8769 

1 

■tnuKlj 

S5 


69 

0-8745 

2 


36 


70 

0-8721 

8 


37 

0-9452 

71 

0-8696 

4 

0-9930 

38 

mm 

72 

0-8072 

6 

09914 

39 

0-9410 

73 

0-8049 

6 

0'9898 

40 

0-9396 

74 

0-8025 

7 

0-9884 

41 

0-9370 

75 

0-8003 

8 

0-9809 

42 

0-9350 

76 

0-85.81 

9 

0'9855 

43 

0-9335 

77 

0-8557 

10 

0-9841 

44 

0-9:ii4 

78 

0--9533 

11 

0-9828 

45 

0-9292 

79 

0-8508 

12 

0-9815 

46 

EEmn 

80 

0-S183 

IS 

0-9802 

47 

0-9219 

81 

0-S1.59 

14 

0-97.S9 1 

48 

0-9228 

82 

0-8131 

15 

0-9778! 

49 

0-9200 

83 

0-8108 

16 


60 

0-9181 

84 

0-8.382 

17 

iiS r ' 11 

51 

0-9100 

85 

0-8357 

18 

ISw r f 1 

52 

0-9135 

80 

0-8331 

19 

0-9728 

63 

0-9113 

87 

0-8305 

20 

0-9710 

64 

0-9090 

88 

0-8279 

21 

ESMI 

65 

0-9069 

89 

0-8254 

22 

0-9091 

56 

0-9047 

90 

0’rt228 

23 


67 

0-9025 

91 

0-8199 

24 

0‘9Go5 

68 


92 

0-8172 

25 

0-9052 ; 

59 

/3979 

93 

0-8145 

26 

t-9C38 1 

60 

/0-8956 

94 

0-8118 

97 

0-9623 

61 

0-8932 

95 

0-8089 

28 

0-%009 

62 

kigariBi 

96 

0-8001 

29 

0-9593 

63 

0-8886 

97 

0-8031 

80 

0-9678 

64 

0-8863 

98 

0-8001 

81 

EMU 

65 

Iigganl 

99 

0-7969 

82 

J)-9644 

66 

0-8816 

100 

0-7938 

88 

0;9528 

l67 

0-8793 
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igttite'j^povder vhw pnitti hpen it, but ' 
; was defined by law in the teigutof George HI. 
to be epiiit ‘ suoh as shall at the teipperatuts of 
61°% weigh exactly twelve-thirteenth parts ot 
an equal amount of distilled water.’ It has, 
therefore, S.Q. -920 at 16‘6°C., and oontaina 
49-24 pts. alcohol to 60-76 pts. water by weight, 
or 100 vols. alcohol to 81-62 vols. water. 

Alcoholic Drinks.—Beer contains from 2 to 
6 p.o. of alcohol; hock and claret from 8 to 10 
p.c.; port and sherry from 15 to 20 p.c. -, pin, 
rum, and whisky from 61 to 64 p.c. 

Detection. —1. The liquid supposed to con¬ 
tain alcohol is repeatedly rectified, alter drying 
with KjCO,. The alcohol is recognised by its 
boiling-point, and by converting it into ethyl 
iodide, and noting the boiling-point of the iodide 
(72°).—2. The suspcctod liquid is distilled and 
some of the distillate (8 o.c.) mixed with water 
(10 c.c.) and H,SO, (5 o.o.); some KMnO,Aq, 
and after five minutes a solution of magenta, ' 
bleached by SO., arc added. A red colour indi¬ 
cates that aldehyde had been formed by the 
oxidation of the alcohol. Acetone, formic acid 
and methyl alcohol do not show this reaction, so 
that it may be used to detect ethyl alcohol in 
wood spirit. Other primary alcohols behave 
more or less like ethyl alcohol (Itiche a. Hardy, 

C. B. 82, 768).—3. An aqueous solution of 
alcohol warmed with KOH and iodine deposits 
iodoform. This ‘ iodoform reaction ’ is given 
also by aldehyde, acetone, »-propyl, »-butyl, sec. 
butyl, and octyl alcohols, by propionic and 
butyric aldehydes, by lactic, qninic, and moconio 
acids, by acetophenone, mothylic butyrate, acetio 
ether, and oil of turpentine. 

Tho ‘ iodoform reaction ’ is nc^ given by 
methyl and amyl alcoHols, by formic, acetic, 
butyric, valeric, oxalic, succinic, malic, tartaric, 
racemic, citric, pyrotartario, suberic, scbaoic, 
uric, mucio, isetbionio, benzoic, fcalicylic, anisic, 
cinnamic, and picric acids, phenol, valeric alde¬ 
hyde, benzoicaldeh^’de, glycol, glycerin, mannite, 
glycocoll, leucine, chloral, ethyl chloride, ethy¬ 
lene chloride and bromide, cliloroform, tetra¬ 
chloride of carbon, sulphide of carbon, toluene, 
and ether (hieben, A. Sitppl. 7, 226). Sugar 
and dextrin give a small amount of iodo¬ 
form. 

The formation of ethyl acetate and benzoate 
is also recommended as a test for alcohol. 

Estimation.—'£hii liquid is distilled and the 
S.ti. of tho distillate taken. 

Detection of Fusel Oil.—l. The liquid is 
diluted with water until it contains about 12 p.o. 
alcohol; it is then shaken with chloroform. 
This extracts the amyl ^cohol, which it 
leaves behind on evaporation ; by warming with 
KOAc and 11,80, this is converted into amyl 
acetate, sraelfing like pear-drops.—2. The alco¬ 
hol is diluted until it forms a 60 p.c, solution. 
100 e.o. are then shaken with 20 c.c. chlorofona, 
at 16° in a graduated cylinder. If the chlorrform ■ 
layer is 37-1 c.c. tho alcohol is free from higher 
homologues, but if it occupy a larger volume, 
fusel oil is present. Thus 39-1 o.c. indicates 
1 paj. amyl alcohol (llSse, B. 19, B. ■R4).--3," 
The height to which the alcohol will nse, u> 
eapillarv tubes of known diameter is obaen(^l»v 
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ftlQohd ri 868 Higher than alcohol odalte- 
rated with fusel oil (J. Traube, B, 19, 892). 

* B$acUom,~~h Potassium and sodium act 
upon alcohol, Evolving hydrogen and forming 
BtOK and BtONa respectively.*-2. Phosphoitis 
trichloride forms EtCl, HCl, ethyl pho!|}hite, 
and phosphorous acid (Ceohamp, C. B. 40,944): 
6 EtOH + 2PCI, * 3EtCl + 3HCI + Et^PO, -f H^PO, 
k smaller quantity of PCI, acts in the cold 
thus: PCI, + HOEt = PCl,(OEt) + HCl (Men- 
sohutkin, A. 139,343).—3. FCl^ reacts thus: 

Eton + PCI,=EtCl + CIH + PCI 3 O. 

4. PjS, produces mercaptan : 

6 EtOH + P,S, * 5EtSH + P^O,. 

6. Alcohol coagulates albumeyit and, partly 
on this accolint and partly by arresting the 
development of low organisms, it prevents 
^the putrefaction of dead animal matter.— 
0. Vapour of alcohol passed through a red hot 
tuhe produces CO., water, hydrogen, CH^, C^H„ 
naphthalene, and charcoal. If the tube be filled 
with pumice, benzene, phenol, and perhaps 
also aldehyde and acetio acid, are also formed 
(Berthelot, A. Ch, [3] 33, 295; A. 81,108).-7. 
Ziuc dust at 300°-350® forms ethylene and hy¬ 
drogen : CgHjO + Zn = ZnO + + H.j. Alcohol- 

vapour passed over zinc dust at a dull red beat 
forms CO, OH„andH 2 (Jahn, Af. 1, 378).-8. 
Alcohol scarcely conducts an electric cuirent, 
but when acidulated with 5 p.o. H.SO, the 
current passes, hydrogen comes off at one pole 
and, at the other, aldehyde, ethyl formate sul¬ 
phate and acetate, together with small quantities 
of acetal, and CH,.CH{OH)(OEt) are formed 
(Aenard, A, Ch. [5] 17, 295). Alcohol con¬ 
taining a little potash produces hydrogen at the 
negative pole and aldehyde-rcsin at the positive 
pole (Connell).—0. Alcohol burns with a pale 
fiamo fornwng CO. anj H.O. Alcohol vapour 
undergoes rapid, but incomplete, combustion 
when mixed with air and exposed to finely 
divided pfafmwm; acetic acid, aldehyde, formic 
acid, acetal, and acetic ether are formed. Hence 
a coil of red hot platinum will kee]) red hot 
if placed round the wick of a spirit lump that is 
not burning (glow-lamp of Sir II. Davy).—10. 
Finely divided rhodmvi, iridium, and rutheuium, 
in presence of an alkali, dcooinposo alcoJiol, with 
elimination of H and formation of an netiate 
(Deville a. Dobray, C.B. 78,1782).—11. Oxygen 
. does not attack cold pure alcohol, but o^one 
fonns acetic and fonnic acids (Doillot, C. li, 
70,1132).—12. Chromic acid mixture oxidises 
alcohol to aldehyde and acetic acid.—13. An 
anmmiacal solution of CuO at 180® attacks 
alcohol, foiming acetic acid and Cuj,0 (A. Le- 
tellior, C. It. 89, 1105).—14. KMnO^ in acid, but 
not in alkaline, solution forms aldehyde and 
acetic acid (Chapmfn a. Smith, C, «/■. 20, 301). 
15., Strong nitric acid acts violently, giving 
off copious red fumes containing nitrous ether, 
nitric oxide, CO., aldehyde, acetic* and formic 
acids. If the action bo moderated by making 
three layers of fuming HNO^, water, and alcohol, 
and allowing them to mix slowly by dilTusion, 
the following bodies are formed: aldehydo, 
acetio acid, glyoxal, glyoxylic acid, glycollic acid, 
and ox|)io acid (Debus).—16. In presence of 
urea, nitric acid converts alcohol ipto ethyl 
nitrate (g. v.). — 17. In presence of mercuric ni- 
$i^, 'nttrie acid acts upon alcohol yith produo- 
Vot. 1. 


tfon of fulminate of mercury (2. v.) ; in a similar 
way fulminate of silver may be made. 

If mercury (1 pUtbe dissolved in HNO, 
(12 pts.) (S.G. 1*3) ana the liquid left for some 
days till no more nitrous fumes appear and the 
liquid is colourless, and then alcohol (12 pts. of 
S.G. *8) be added and the mixture be warmed, a 
pp. is produced which is j;iot mercuric fulminate. 

It may be crystallised irom diluted (4 vols.) 
HNOj (I vol.). It is 0 ,H.Hg 30 ,(N 0 ,) 3 . At 
120®-130® it explodes. It is insoluble in 
water, alcohol, and etlier. Potash con¬ 
verts it into CaH.^HgjO.XOH).; while cold 
slowly convert 8 itintotiieoxaIate,C.H^Hg 30 aC, 0 <, 
a body which is browned by sunlight. A mix¬ 
ture of HNO 3 and alcohol converts it into 
mercuric fulminate (Cowper, v. tT. 39, 242; v. 
Gcrliardt, A. 80,101).—18. Chlo7ine is rapidly 
absorbed by alcohol, and in sunlight the liquid 
may even take fire. The nltimate product is 
eliloral alcohoiate, CCl 3 .CH(OEt)(OH), but this 
is probably the result of a long scries of reactions 
(v. CimoBAn). Besides chloral, there are formed 
HCl, aldehyde, acetal, acetic acid, EtCl and 
other chlorinated bodies.—IJl. Broviine forms 
IJBr, water, EtBr, bromal, and bronial alcohoiate 
(E. Hardy, C. ft. 79, 806).—20. Dry chlorine 
passed into alcohol mixed with K^Cr^O, gives 
aldehyde, ElCI, acetyl chloride, and EtOAo 
(Godefroy, Bl. [2] 40, 1G8).- 21. When alcohol 
is distilled with much water and bleaching 
potvder, chloroform {q. v.) is formed. When 
bleaching powder (300 grms.) is mixed with 
absolute alcohol (67 gnus.) in 10 minutes the 
I mixture gets hot and alcohol distils over to- 
I gether with a green oil, which explodes when 
1 exposed to sunlight or heated, and among the 
I products of the explosion arc mono- and di- 
chloro-acetal (Schmitt a. Goldl)crg, J. pr. [2j 
19, 393), aldehyde, and small quantities of 
chloroform (Goldberg, J. pr. [2] 21, 97).—22.* 
llydric chloride produces ethyl chloride: 

Eton+ I1CI-EtCl+ H,0. 

But wlien excess of alcohol is used and the solu¬ 
tion heated in a scaled tube at 240®, ether iff 
I also formed; EtOII +ClEt-EtG + IICl (Rey- 
I noso, A. Ch. [3] 48, 385).—23. Sulphuric 
I acid mixes with alcohol with evolution of heat 
and formation of hydrogen ethyl sulphate; 

ElOH + H 3 SO, = EtHSb. + H.O. 

About half the alcohol and H .SO* take part in 
the reaction; when rnoro dihile acid is used 
hydrogen elliyl sulphate is not formed until 
heat ia applied. If a mixture of alcohol witlr 
an equal volume (or less) of H.SO^ be heated, 
a further reaction sets in at 120®-150®, ether 
and water distilling over; this is duo to action 
of alcohol upon hydrogen ethyl sulphate 
(Williamson, C. J. 4, lOG, 22(f; v. Ether) : 

IIEtSO,+E^Ofl- H,SO, H EtOEt 
When alcohol is lu'Nted with twice its volume 
(or more) of H^SO* toe mixture b^tns ta 
blacken between 160®-ro0®, and then gives on 
ethylene, mixed with SO, acetic aqfd, acetio 
ether, CO.^, CO, ethyl sufplate, and formic acii 
The main reaction is expressed by the equation 
C„H,jO = C 3 H, + H.G (compare Eilenmeyer, A* 
1 C 2 , 373).—24. Anhydrous sulpihuric acid, SO,, 
dissolves in alcohol forming di-ethyl salpbate, 
EtjSO,. Vapour of SO, passed into dry 
alcohol forms crystals of ethionio anhydtide, , 
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or * iittlpliitio,* 

witH othionio, isethioni^ and solpKaris soido, 
and HEtSOj.—25. Heated with sulphunm acid 
at 200° it forms HEtSO^^ther, HjSO„ mer- 
oaptsn, and S (Pagliani, J. 1870, 618).—20. 
. C1S0,H forma EtHSO, and other bodies 
fflaumstark, A. 140, 75).—27. When alcohol is 
dropped upon hot zinc Vnlori&e the greater part 
b decomposed in accordance with the equation : 

2CJI.0 = C,H,0 + II; + CjH, + II.O. 

' Hydrogen, otlianc, HCi, and polymerides of alde¬ 
hyde are also formed (W. H. Greene, C. li. 80, 
1140), When wet alcohol is heated with ZnCl.^ 
at 166°, ether is formed, as well as EtCI, basio 
aino chloride being left.—28. Phosphoric acid 
mixed with alcohol forms some di-hydrogen 
ethyl phosphate, F.tH-PO,. Alcohol heated 
with P,0, forms IIEt.Pbj and Et.,PO, (Carius, 
4. 137, 121).-2!). Alcohol heated with E.Oj 
forms EtBO., and Et,BOj.—30. Phosphorus 
mlpho-chloride^ PSClj, forms di-hydrogen ethyl 
thio.phosphate (Chovricr, Z. [2] 5, 41;)): 

PSCl, -4 3HOEt = PS(OH),(OHt) + 2EtCl -r HCI. 
31. Chloride of sulphur, S.CI., acts upon 
alcohol forming ethyl chloride, ethyl sulphite, 
and a small quality of mercaptan (Carius, A. 
106, 316),—32. Chloride of autimouij dissolves 
in alcohol; if the solution bo heated to 150' 
the following reaction ensues (II. SohilT, A. 
Sappl. 6, 218): 

SbCl, -f 4EtOH = SbOCl -12EtCl -I Et,0 -12H,0. 
83. Heated with carbon Ulrabrom'tde at 100° 
for 12 hours, bromoform is produced (llolas a. 
Groves, 0. J. [2J 9, 784) : Clir, -f C .11,0 - 
CHBra 4-C^HjO-f llBr. Alcohol here acta as a 
reduoirig agent, as it does also in the next 
roaction. - 34. Heated with a di-azo salt, nitrogen 
is evolved and the entire di-azo group displaced 
by hydrogen: 

0,41,.NjCl + C. 41,0 = C.II,H -I N, -f HCU C,H,0. 
In some cases the di-nzo group is displaced by 
, etboxyL —35. Heated with avimoniacal zbtc 
thloride at 2G0'’, alcohol is converted into a 
mixture of nrono-, di-, and tri'Ctliylaininc; the 
yield of mixed ba.scs amounts to 45 p.c. of the 
ilooholused (Merz a. Gasiorowski, B. 17, C:>7). — 
36. Zinc acetate heated with excess of alcohol at 
100® is converted, in about 30 hours, into zinc 
ethyl acetate and zinc oxide (Kraut, .4.156, .323). 
'37. When stannic chloride is distilled with 
alcohol, ether and EtCl pass over at 140°-170°; 
afterwards a compound oi ElClwith SnCl, (Kulil- 
Btaim, 4. 33, 106, 192).—38. Crystallised stan¬ 
nous chloride distilled with alcohol yields ether, 
but no EtCl (Marcband); tho samo decomposi¬ 
tion takes place in a scaled tube at 240°. 
Crystallised cMoride of manganese, and ferrous 
chloride also etheriJy alcohol completely at 240°; 
the chlorides of cadmium, niclcel, and cobalt 
partially (Reynoso, 4. CAj^2] 48, 385).—39. 
PlaUnic chloride (1 pt.l ffissolved in alcohol 
(iO pts.ja of S.G. ’82 atiB distilled to yields 
aldehyde,ethyl chloride,H Ci, and the solution con¬ 
tains the sb-calied in&ansnable chloride of plati- 
nnm C4I<PtCl„ which is left as a sticky mass when 
the liquid is evaporated (Zeise, P. 9, 032 ; 21, 
498 ; 40, 249).—40. Platinous chloride boiled 
with al^hol forms a black explosive powder 
called detonating platinum deposit, C,H,PtO(?) 
(Zeise, loo. cii.).-^l. Mercuric chhHde is slo'nVj 


he$ted vSth iir being excluded, :ii 

(inverted into sodio acetate, with CTolution 
hydrogen; at a higher temperat»re the sodie 
acetate breaks up into sodio carbonate and 
marsWgas.—43. Chloride of cyanoqen is readily 
absorbed by alcohol but does not decoxnpoio it 
immediately. After a few days, or more quickly 
at 60®, NH^Cl separates, and the liquid then 
contains ctliyl chloride, ethyl carbamate (or 
urotbano), and ethyl carbonate (Wurtz, A, 79, 
280). 

Cotnhinations. —Alcohol combines with many 
salts, acting like water of crystallisation.— 
SbCljEtOII [67®] nncdlos (from alcohol); re* 
solved by Jieatinlo IlCl, KtCl, Kb-pj, and SbCl^, 
Soluble in ether and chloroform, but decomposed 
by water (W. C. Williams, C. J. 30, 463).— 
AsCljEtOH (148®): liquid; fumes in the air; 
docomposnd by water (Luyncs, A. 116, 368).— 
CaCla4EtOH : got by cooling an alcoholic solu¬ 
tion of CaClj w'ith ice.—CaCl^HEitOH: got by 
evaporation of such solution over 11,804 (Heindl, 
M. 2, 207).-LiC14ElOH (Simon; J. pr, [2] 
20. 376}.—MgCI.,6]itOH (S.).—Mg(N03),CEtOH 
(Chodnow, A. 71, 256): a crystalline mass 
I (lf‘po.sited from boiling solution.—PtCl,2EtOII 
: (Scliutzenborger, J. 1870, :i 88 ).-SnCl 42 ElOH; 
crystals formed by evai:>oration over HjSOi 
(Lewy, G. R. 21, .371; Itobiqiiet, J. Ph. [3] 26, 
101); Juafod with acids, this compound readily' 
forms ethyl salts.—TiCljEtOH [105"-110®] crys¬ 
tals ; decomposed by water (Deniar<?ay, B. 8, 75). 

Alcoholatcs or Rlhylaies are formed 
by di.'^placing tho typical hydrogen by metals. 
They are decomposed by water: 

MOEt n,0 = lIOEt + MOH. 

Aluminium ethylate A](OEt )3 [130^J 
S.G.^ 1*147. Aluminium docs not atlf^ck alcohol, 
but if iodine bo present and t)ic liquid be 
warmed, hydrogen is evolved and aluminium 
ethylate is formed (Gladstone a. Tribe, Pr. 30, 
546); 2Al + (inOKt = AL(OIi:t),-f :m,. The re- 
action probably takes place in three stages: 

3lTOEt + Al.f4 = Al,I,(01';i), + 3H1 
Al,(OEt),I, + 3HOEt = Al.,(OKt). + 3HI 
AI, + 6ni-.Al.,I, + 3H.,. 

Aluminium (4 g.), iodine (2g.), andiileoliol (40c.e.), 
are lic.nted in a llask with inverted condenser; 
when no more 11 comes off, the contents are 
distilled in vacuo at 300°. (Good yield (12 g.). 
G. a. T., C. J. 39, 2). When aluminium ethylate 
has been fused it remains liquid for a long time 
oven at 70°. It is decomposed by water thus: 

Al,(OEl), + 0H,O = AI,(OII). + OllOEt. 

When distilled under atmospheric pressure it 
decomposes: Al 2 (OEt), = A1,0, + 30,11, + SIlOEt, 
(G. a. T., 0. J. 41, 6). 

Barium ethylate Ba ((}Et) 2 Aq (Berthelot, 
4. Ch. [3] 46, 180), Ba(OEt) Ja(OH), (Dostrom, 
4. Ch. [5] 27, 8, 22 ; 0. B. 90,1213). A granular 
pp. formed by boiling an alcohoUo solution of 
BaO, or by heating alcohol with BaO in a 
digester at 150°. A white powder, turned yellow 
by oxidation. Converted by GO. into bario 
ethyl-carbonato. Destructive distillation givea 
C,H„ methane, H, and BaCO,. 

Calcium ethylate Ca(OEt), resembles the 
barium compound. • 

Ferrio*othylate »Pe.{OBt), (?).—Whenfto 
proper quantitv of sodio ethvlate is added to an: 



eUoH&d If 

|ipd.-ff KfOl, tad filtre^ loaves, after 
^sporatios, a blaok pasty mass, sol. alcohol^ 
UeOH, ether^benzene, chloroform, or benzoilDO 
(Orimanx, C. B. 98,105). A solotion of ferric 
fthylate poured into water produces a ^lution 
of colloidal ferric hydroxide. 

Potassium ethylate KOEt.—Similar in 
^araoter to sodic ethylate. 

Sodio ethylate NaOEt.—When sodium is 
dissolved in dry alcohol, H is evolved, and 
ultimately crystallino laminaj of NaOEt‘2HOEt 
separate. If the solution be evaporated in vacuo 
at 20° needles of NaOEt .^IIOKt are got (For- 
Grand, Bl. 40, 177). The alcohol of crystallisa¬ 
tion may be driven of! at 180°. 

Beactions, —1. When mixed with tvatcr and 
distilled, alcohol passes over and NaOTI is loft.— 
2. Converted by Ktl into ether (Williamson).— 
8. Forms ether when it acts on EtNO,: but it 
acts like Na upon ethers of organic acids ; thus 
it converts formic ether into CO and alcohol, 
oxalic ether into CO and carbonic ether, carbonic 
ether into NaCOaEt and Kt/), benzole etlKU* 
into NaOBz and Et.O, acetic ether into sodium 
aceto-acetio ether ((i-euthcr).—4. CO combines 
with NaOEt at 100’ forming sodic propionate. 
Carbonic oxide passed over a mixture of NaOKt 
and NaOAo at 205° produce »-butyric acid, di- 
ethyl-acetic acid, mcsitylenic acid, an acid 
C,aH,,0,> (2r)0°-2C0°), and two kcloncs CJI.hO 
and CijIIjiO (Geuthcr, A. 202, 305).—5. PCI5 
gives NaCl, PO(OEt);„ and ElCl.-^. Witli chloro- 
form it forma ortiio-formio ether, ClI(OEt)j 
(Y/illiamson a. Kay, C, J. 7, 224).—7. Chlorhie 
forms aldehyde and acetic acid (Maly, i?. [2] 5, 
845).—8. Bromine forms broraul, h’.tllr, and 
acetic ether (Barth, B. 0, 1450).—9. Chloro^ 
acetic ficniforras sodium ethyl-glycolate (llcintz, 
P. 109, 301). -10. loiJkne forms Nal, sodic for¬ 
mate, and iodoform.—11. Iodoform is reduced 
byNaOEt to methylene iodide.—12. Nitrobenzene 
is reduced to azoxyheuzene, azobenzene, and 
aniline (Bicliamp a. Saint-Pierre, C. H. 47, 24). 

Thallium ethylate ’^’lOEt. S/h 3-;) to 
3*685." Formed by healing EtOH with, tluilliiim 
at 100° (Churcli), or by exposing thallium to the 
vapour of alooliol in a bell-jar full of oxy;'on 
(Lamy, A. Ch. [4] 3, 373). It may be soliiliiicd 
by great cold. It di.ssolves in dry alcohol or 
ether, but addition of a trace of water causes 
eeparation of thallous hydrate. TlOKt is slowly 
decomposed by CIICl, with separation of TICK 
ALCOHOLS.—The term alcohol, originally 
limited to one substance, viz. spirit of wine, is 
now applied to a large number of compounds, 
many of which, in their external characters, 
exhibit but little resemblance to common alcohol. 
All alcohols are coij^pounds of carbon, liyJrogon, 
and oxygen, and arc derived from hydrocarbons 
containing even numbers of hydrogen-atoms by 
substitution of one or more hydroxyl-groups, 
OH, for an equal number of hydrogen-atoms: 
thus from propane CjHa or CHj.OHj.CII5, are 
derived the three following alcohols 

Propyl alcohol OjH,0 = OjH,(OH) 
Propylene alcohol OjHhOj « OjHatOH)^ 

“ CA(oii). 

Alcohols are classed as monohjdric, di- 
hybrid, trihydric, do., or generally as mono- 


and ]^Iy-hy4Hd, aeooiding to t£o number of 
hydroxyl-groups which they contain. 

An alcohol is saigrated or anaaturated 
according to the nature of the hydrocarbon 
from which it is d^ri^d. Thus, all the three 
alcohols derived from propane C,H„ which is a 
saturated hydrocarbon, are themselves saturated 
molecules not capable of forming addition- 
compounds; but*from*th0 unsaturated hydro¬ 
carbon CjHj is derived the unsaturated compound 
allyl alcohol, CjH^O or C3H4(OH), which is 
capable of taking up 2 at. bromine and forming 
the compound CjIljBrjO. 

The replacement, partial or total, of the 
hydroxyl in an alcohol by Cl, Br, I, or F, gives 
rise to haloid ethers; thus: 

From 0311,(011} are derived GaHjCl, C,HjBr, 
<&c. 

From C3Ha(OII)2 are derived C]H5Cl(OH}, 

c^n.oi,, &Q. 

From C3Hj(On)j are derived C^jCl(OH)|, 
CjHjCJ^, i^c. Those substitutions 
arc elTected by treating the alcohols with the 
chlorides, bromides, and iodides of hydrogen and 
))lms2)lioru.s, as in the formation of ethyl chloride 
from ethyl alcohol: 

C..II OH + HCI« n(OH) + CjHjCl 

3C.H3(0II) + FCI 5 =P(OH )3 + 3C,HjCI 

3C,n3(OH) + POClj - P0(0H)3 ^ 3C5H3CI. 
Instead of the bromides and iodides of phos¬ 
phorus, a mixture of pliosphorua and bromine or 
iodine, in the proportions required to form them, 
are often used in those processes.—The, haloid 
ethers are also formed in many instances by 
I direct substitution of chlorine t&c. for hydrogen 
in hydrocarbons. 

The treatment of the alkyl chlorides, bro¬ 
mides, or iodides with aqueous caustic alkalis 
gives rise to a substitution opposite to that 
shown in the above equations, reconverting the 
ethers into alcohols; e.g. Cjn^CUKOH- 
KCl + C3H3(0 H). a considerable portion of the 
alcohol thus formed is, however, converted by 
dehydration into the corresiionding olchn: e.g» 
CJIyO-HjOssCaHe. A bettor yield of alcohol 
I is obtained by heating the haloid ether with 
! moist silver oxide, which acts like a hydroxide 
I AgOH; and a still better method is to convert 
the alcoholic chloride, d'c. into an acetate by 
heating it with stiver acetate or potassiom ace¬ 
tate, and to boil the resulting alkyl acetate 
with caustic potash or soda; 

C.,H,C1 V KC .H,0. = K0.1 + C.,H,.0»H,0, 

CjHj.CjHA + KOH = KC.H,0.j + Oja,OH. 
Tins reaction is of great importance in the pre¬ 
paration of some of the higher alcohols. 

The replacement of the hydroxyl in an nloo- 
hol by the corrc.sponding radicles, methoxyl 
OCHj, etlioxyl OCA, d;o.-.«or of the hydrogen 
in the OH by Me, Et, &o., gives rise to simple or 
mixed alkyl oxHes or ethers: thus EtOH 
yields EtOK, EtOMo, imd EtOEt! and ethylene 
alcohol C..H,{OH)j yiilds O.H.(OH)(®Et) aUd 
Xhese substitutions may be effected 
in various ways, the simplest being lb replace a 
H-atom in the alcohol by E or Na, and act on 
the resulting componnd with a haloid ether; 

20,A.(OH),-t Na.=20,H.(OH)(CIifa)+H,i 

C A(0H) (ONa) -t EtI=Nal + CsH,{Offi{Mt). 
These oxides may be looked upon as aimydriaee 
formed by elimination of oab moleetde of water 
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tnm iwo moleeales ot tha same or diSereni 
■]eob(da. 

In the polyhjrdiio alfohols, where the two 
hydioxyla occur in the same molecule, the elimi¬ 
nation ot water gives rise to another class oi 
oxides t thus from ethylene alcohol 0 ,Hj( 0 H)j is 
derived ethylene oxide OjHjO. 

The replacement of the hydrogen in an 
alcohol by acid radicle#'prodhces alkyl'salts 
also called compound ethers or esters) ; thus 
rom methyl alcohol, MeOH, are derived a nitrate 
UeONO,, an acetate MeOAo, an acid sulphate 
Me.O.SO,H and a normal sulphate (MeO),SO.;. 
These alkyl salts may also be derived from the 
eorresponding acids by substitution oi alkyl- 
radicles for hydrogen, being indeed related to 
the alcohols in the same manner as metallic 
salts to metallic hydroxides. They may also 
be looked upon as anhydrides formed by elimi¬ 
nation of a molecule of water between one 
molecule of an alcohol and one molecule of an 
aoid. By distillation with alkalis they are re¬ 
solved into acid and alcohol; e.g. 

EtOAo + KOH = KOAc + EtOH. 

MoMonvDBio Alcohols. 

1. Series C„H^„0 or C,H 2 „+|OH. Of this 
series the following members are at present 
known, each being derived from the eorrespond¬ 
ing paraffin by substitution ol OH forH; 

thus 

Methyl Alcohol . . . CH,.OH 

Ethyl.C-X-OH 

I^opyl „ , , . , CjHj.OH 

Butyl.C,H,-OH 

Amyl „ . « . . CiH„.OH 

Hexyl H • • • • C,H„.OH 

Heptyl „ . . . . CjHij.OH 

Octyl ..OsHij.OH 

Ennyl or Nonyl Alcohol . . C,II„.OH 

Seoyl Alcohol .... 

Hendecyl „ ... C,,H 2 ,.OH 

Dodecyl „ ... C|.;H.„.OH 

Tetradecyl „ ... C„H.,.01I 

Hexadecyl or Cetyl Alcohol . CijIIjj.OH 

Octadecyl Alcohol . . . CiJI^.OII 

Ceryl Alcohol .... C._.,Hjj.OH 
MeUssyl or llyricyl Alcohol . Cj„H,„.OU 
The first and second of these alcohols do 
not admit of isomeric modifications; for sup¬ 
posing, as is most probable, that all the hydrogen- 
atoms in the paraffins methane CII, and etiiane 
CHj.CH, have the same value and are attached 
to their respective carbon-atoms in the same 
way, the result of the substitution of OU for It 
in them must be the same, whichever of the 
hydrogen-atoms is thus replaced. But in all the 
higher terms ot tha series the case is different. 
Thus in propane, CHJ.CH.J.CH 3 , the substitution 
may take place either in offe of the exterior 
groups CH„ or in the m jldle group CH.^, giving 
rtse to tv»o alcohols of different structure, distin¬ 
guished as primary and secondary, viz. 

CH,.0«.,.CH,0H . OU 3 .CHOH.CH, 

Primary Secondary 

Ja the primary alcohols the carbon-atom 
yM’, 40, a* hydroxyl is connected immediately 
'with alimhol u other carbon atom, that namely 
Galled detonating but in the secondary alcohol 
j(Zei 8 e, loc. other catbon-atoms, and 


these are the only tonus ot a S-carbon alcohol 
ot the series. 

The 4-oarbon alcohol ot the series admits ot. 
a greater number ot modificationsi For in the 
first place, the hydrocarbon, butane, C,H„ Irom 
which^t is derived, is itselt susceptible ot two 
forms, viz.. Normal butane CH,.CH 2 .CH,.CH, 
and Isobutane CH 3 .CH(CH,) 2 ; and farther the 
first of these hydrocarbons is capable of yielding 
one primary and one secondary alcohol—these 
terms having the meanings above explained— 
while the second yields another primary alcohol, 
and likewise a tertiary alcohol, in which 
the C-atom joined to the hydroxyl is linked 
also to three other atoms of carbon. These 
four derivatives are represented by the following 
formula) 

Normal Primary CH,.CH 3 .CH 2 .CH 30 n. 

Isoprimary (CHjj^CH.CH^OH. 

Secondary CH 3 .CH(OH).CH.,(CH,). 

Tertiary (CH 3 ).,C(OU).CH,. 

The higher alcohols of the scries admit ot 
a still larger number ot isomeric modifications t 
but oil these alcohols must be either primary, 
secondary, or tertiary; for the 0-atom joined to 
the OH cannot bo joined to a number of other 
carbon-atoms greater than three. In other 
words the replacement ol an H-atom by the 
group OH must take place, either in a methyl- 
residue OH„ a methylene-residue CH„ or a 
methenyl residue OH, producing respectively a 
primary, secondary, or tertiary, alcohol. 

A very convenient nomenclature for these 
isomeric alcohols has been introduced by Kolbe 
(A. 132,102). Methylalcoholiscalledcarbinol 
and the higher alcohols named as its substitution- 
products, thus: 

Carbinol or Methyl Alcohol CHjOH. 
Methyl-carbinol or Ethyl Alcohol MeCH^OB. 
Ethyl-carbinol or Propyl tAlcohol EtCH,OH. 
Dimethyl-carbinol or Isopropyl Alcohol 

McjCHOH. 

Propyl-oarbinol or Butyl Alcohol PrCIIjOH. 
Isopropyl-carbinol or Isobutyl Alcohol PrCH,OH, 
Methyl-cthyl-carbiifol or Secondary Butyl 

Alcohol MeEtCHOH. 

Trimothyl-carbinol or Tertiary Butyl Alcohol 

MojCOH. 

Primary, secondary, and tertiary alcohols are 
distinguished from one another by their pro¬ 
ducts of oxidation. The primary alcohols 
of the scries 0 ,H 3 „ 4 j 0 , containing the group 
CHjOlI, are converted by oxidation with chromic 
acid mixture, first into the corresponding 
aldehydes, by removal of IT,, or conversion ol 
CHjOH into CHO, and Hien by further oxidation 
into fatty acids C„H.„ 03 ; thus: 

CH,.CH.,.Cn,,011 + 0 =• HjO + Cn,.CII.,.CHO 

Propyl Alcoliol ^roplunio AUlebyde 

CIT3.CH.,.C1I.,0H + 0* - H,0 + Cll3.CH.,.COOH 
Propionio aoid 

A secondary alcohol on the other hand 
which contains two alcohol-radicles united by 
CHOH, is converted, by removal ol H, from this 
group, into a ketone, i.e. a compound consisting 
ol two alcohol-radicles united by the group CO, 
thus: 

CU,.CIIOH.CH,-fO-XO fCn,.CO.OH, 

Bccoit'lay Propyl Olmotbyl KetoiM 

Alcfmol 

Conversely tho aldehydes treated with nascent 

* 
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hydrogen (action o< lodlum-amalgam) are oon- 
, Torted into prunaxy alcohola, and the ketones 
into secondfigy alcohols. 

Tertiary alcohols do not yield by oxida¬ 
tion either aldehydes or ketones, or acids con¬ 
taining the same number of carbon-oloms as 
themselves, but are split up into bodies contain¬ 
ing smaller numbers of carbon-atoms—tertiary 
butyl alcohol for example into formic and pro¬ 
pionic acids: 

(CH,),COII + 0^ = Cn,0, -f + H, 0 . 

The three classes of alcoliols may also bo 
distinguished by the following test:—A quantity 
of dry silver nitrite, mixed with an equal weight 
of dry sand, is introduced into a small distUla- 
tion-dask fitted with a side-tube; the iodide of 
tho alcohol under examination is then added; 
the mixture, after tho reaction has begun, is 
distilled; and the distillate, received in a test- 
tube, is shaken up with potassium nitrite 
and polash-loy, and then acidulated with dilute 
sulphuric acid. If no coloration of the mass 
ensues, the alcohol-radicle present is a te r t i a ry, 
whereas a red coloration indicates the presence 
of a primary, and a blue coloration that of a 
secondary, radicle. The reaction maybe re¬ 
cognised with great distinctness with the use 
of not more than 0*3 to 0*5 grm. of tho alcoholic ; 
iodide (Moyer a. Locher, B. 7,1510). Secondary 
hexyl iodide does not give this test. 

2 . Series C„ir,^0. The most important mem¬ 
ber of this series is allyl alcohol CaH^O, which 
is a primary alcohol, convertible by oxidation 
into acrylic aldehyde CaH, 0 , and acrylic acid 
CjH^Oa. They are unsaturated compounds 
capable of taking up 2 at. bromine, and forming 
the compounds C,H,;„13raO. 

3. Senes This series includes pro- 

pargyl alcohol, di-allyl-carbinol, and the higher 
bomologucs of the latter. 

4. Series These alcoliols are 

derived from the aromatic hydrocarbons, 

in the same manner as tho fatty 
alcohols C„IL 2„+20 from 1,he parafiins. Tlio 
lowe 3 tmcmbcr.viz„phenol C^II^O or CJIa(OH), 
which luay bo formed from benzene, cjl^, by 
oxidation with or with nascent ozone 

(Leeds, JJ. 14, 9G), is the only alcohol of tlie ! 
series containing 6 at- carbon. Tbe Jiigher 
terms admit of isomeric modifications: for all 
the homologuos of benzene may bo regarded as 
derived from benzene by substitution of one or 
more of its hydrogen atoms by alcohol radicles 
the formation of an alcohol from 
such a hydrocarbon by substitution of OIT for H 
may take place either in the benzene nucleus or 
in one of tho substituting alcohol-radicles: thus 
from toluene C^II^lIa may be obtained the two 
alcohols, C„Hj.CH 20 II (benzyl alcohol) and 
OaH^(OH).CH, (cresol), and the higlicr liyd rocar- 
boDB of the series are capable of^'ieliling a still 
greater number of metamerio alcohols. Tho 
preppies of the compounds thus formed differ 
considerably, according as tho hydroxyl is 
introduced into the benzene nucleus, or into one 
of tbe associated alkyls. The compounds formed 
in the latter case—benzyl alcohol for example 
—are "true alcohols analogous in all their reao- 
tions to those of the fatty series; to those in 
which the OH replaces a hydrogen-atom in the 
benzene nuoleus (phenols) exiubil^Tery different 


properties, the hydroi^l being much less easily 
displaced by other radioles (01, Br, &o.), i 
PnsKOLs). * 

5. Series 

oinnamyl _ 

Cj,H„0, and allyl-phenol fe,H„b. 

Dihxobi^ Aloosozb. 

These alcohols are derived from hydrocoT' 
bons by substitution of two IlO-groups for two 
H-atoms, and may therefore be regarded as com¬ 
pounds of divalent alkyls with hydroxyl. Two 
series of them are known, viz., glycols derived 
from the fatty hydrocarbons, and dihydrio 
phenols from tho aromatic hydrocarbons. 

H. W. 

The lower glycols are described as GnvooL, 
Pbopylkne olvcol, and fri-MBTUXLENE onveOL, 
but the higher members as <fi-OxY-B0iANE,-PEH- 
TANE, &e. Unsaturated glycols are described as 

ffi-OXT-BHTI.\ENE, -IIEXINEBE, aud -HEPTlMENll. 

The chief di-hydric phenols are Pybo-oateohik, 
Kesorcin, and Hicroquinone, IW-Oxx-naptha- 
LE.NE and (fi-Oxi-ABTHRACENE bclong to this 
class. 

TninYDnio AiconoLs. 

This class is represented by five fatty alcohols t 
Gltcerin, and fn-OxY-uoPANE,- pentane,-hex¬ 
ane, and -HEXiNENE. There are also several 
aromatic representatives, e.g. Pyrooallol, PnLO> 

BOOLUCIN, and fpi-OxY-NAPXIIALENE. 

Tetrahydb 0 Alcohols. 
Brythrite is the only fatty tetra-hydrio alcohol 
known. Tetra-oxy-benzene aud tetra-oxy. 
tetra-phenyl-othane, aud tetra-oxy-trl. 
phenyl-mothano are aromatic tetra-hydrio 
alcohols. 

Pentadybrio Alcohols. 

Pinite and quercite are the only ones known. 

Hexahydrio Alcohols. 

Mannite, dulcite, sorbite, perseite and 
hexa-oxy-diphenyl make a complete list. 

Formation of Alcohols.—1. From haloid 
ethers as described above.—2. From aldehydes 
or ketones by reducing willi sodium-amalgam.— 
3. From acid anhydrides by reduction with 
sodium-amabgam (Linnemann).—4. From pri¬ 
mary amines by the action of nitrous acid; this 
reaction is, however, aecempaniej by an intra¬ 
molecular change in the case of all fatty amines 
except ethylamine andmc-thylamiue. As a result 
of this chango n-propylamino gives rise to 
secondary as well as ?*-propyl alcohol.—6. 5e- 
coudary Alcohols may be got by the action of 
zino alkyls upon aldehydes: 

ItCIIO + ZnEt,K.CHEt.OZnEt 
H.CHEt.0ZnB#+H,0- 
E-CIHft-OH + Etll-rZnO 
6. Terlmry alcohols can be formed, similarly, 
from zino alkyls and acid chlorides: 

CH,.C0.C1 + ZnMa,=CH..OClMe.Cft;nMo * 
CH,.CClMe.OZnMe + ZnMe,- 
CH,.CMe...OZnMe + ClZnMe 
CH,.CMe,.OZnMe -p H,0 = 
CH,.CMe,OU + ZnO + CH, 

V. Znfo-METHYL.—7. From olefines, by dtssolvinff ' 
them in HjSO, and distilling the product with 
water: Me,C;OH, + H,SO, = Me,O.O.SO,H 
Me,O.O.SO,H + H,0 - Me,O.OH + H,SO, 


10 this senes belong 
alcohol 0ftH,„0, cholesterin 



Jl(| ALCOHOLfe/ 

Mr or vilih an ether of aooiio or hatjiirM 

^ / C^^[^SO«-I'H« 0 «iCAOa+H| 604 « acid trlth inrorted oondeoser, no ohange oeoiirf 

By thiff reaction primary alcohols can be turned (G.).-~‘10» II a smaU quantity of a 86cond<%fp^ 
ixkto BOOondary.-^TbuB cone. H 2 SO 4 converts alcohol, other than isopropyl alcohol, be 
propyl alcohol into propylene, which is converted moistered with HNOj and then mixed with 
Oy the above treatment into iso«propyl alcohol, water and shahen with ether, on adding aloo* 
Beactions of Alcohols.—^Besides the general holio KOH to the residue left after evapo- 
reactions mentioned alrove, ^he following are rating the ether, yellow prisms of a potassium 
important:— 1. Any reaction that might be alkyl nitrite separate (Chancel, C. R. 100, 601)* 
expected to produce an alcohol of the form — 11. Benzoin, isohydrobenzoin, and pyrocate* 
B.CH:CIH.0H,produces an aldehyde,B.Cllj.CHO, chin give, when their sodium compounds are 
instead (Erlenmeyer, D. 13, 309 ; 14, 320). Siini- treated with ClCO.^Et, neutral carbonates of 
larly an alcohol of the form K.CH:CR’.On be- the form IV'COj, while resorcin, hydroqninone, . 
comes a ketone, R.CH..CU'0.-~2. On heating and orcin give di-carbonates, ^"(COaKt)^ (M. 
methyl, ethyl, butyl, octyl, and capryl alcohols Wallach, A.226, 87). — 12.0niheRfitcof EtheTi^ 
with ammoniacal ZnCl.^ at 240°-280° a mixture fication of alcohols t>. Chemical Change.—13* 
cd tile mono*, di- and tri-alkylnmines is got, the I’e^Cl^ gives a colour-reaction with all oxy-com- 
yield of which amounts to 60-75 p.c. of the pounds whether aromatic or fatty, though in the 
alcohol (Merz a. Gasiorowski, R. 17, 623). — 3. latter case the reaction is faint arid a nearly 
Tertiary alcohols diHer from primary and secon- colourless solution of the reagent is ri^juired* 
dary alcohols in not combining with hunjta Such a solution can be prepared by diluting two 
(Menschutkin, /. R» 10, 368).—4. Cone. UNO, drops of 10 p.c. solution of Fe.^Cl„ with 60 o.c. 
converts tertiary alcohols into nitro-alkylcnes, of water. If an excess of the substance to be 
thus (CHJjCOH becomes nitro-iso-butyleno tested is added to this solution a sulphur-yellow 
li 232).—5. The boilhig-povUs of colour will be produced if a fatty alcohol, oxy- 
tertiary alcohols are lower than those of the acid, or carbohydrate is present (Laiulwehr, B, 
ieomerio secondary alcohols, and these again 19, 2720). 

lower than those of the isomeric primary alco- ALDANE. A term proposed by Biban 

hols.— 6 . The alcohols C„H.,.„*.p are decomposed 75, 98) to designate products formed by the 

by nne dust at 300®-350® into olefine, C„H.,.„, and union of two or more molecules of an aldehyde, 

water. Methyl alcohol gives, however, C 6 and with elimination of water—e.j/. crotonic aldehyde 

hydrogen (Jahn, Jlf. 1, 378).—7. Carbonic oxide CII:,.GH:Cri.CUO from aldehyde. 

above 100® acts upon sr»dium alcoholates (IlOXa) Di-aldane C„H,,0., i.e. 

mixed with sodium salts (C„H 2 n.| 0 .,Na) as follows: CIl 3 .CH(OH).CH. 2 .CH:Cn.CII{OH).CHo.CHO 

RONa + CO + C„II..„.,O..Na= [130°]. S. (ether)-87 at 22°. Formed by the 

CHNa02-!-C„Ii,„*..^i(XNa condensation of aldol, CH 3 .CH(OH).CH..CHO, 

the elements of NaOH being abstracted so that under the influence of hydrochloric acid (Wurtz, 
B displaces H. A secondary reaction is BL [2] 24, 100; 28, 169). Crystallised from 

RONa + CO = llCO.,.Na water. SI. sol. cold wa^er, v. e. sol. boiling 

(Geuther a. Froehlich ; Looss; Poetsch, A. alcohol. May be distilled w?<o. It reduces 
818, 66). But CO does not act on a mixture silver solution. Aqueous NH, at 100° forms a 
M Bodic phenylate and sodic acetate at 200° j crystalline base, CisEL^N^Oj, v. sol. water^ 
(Sohroeder, A. 221, 85), or on one of sodic ■ alcohol or ether (l\urtz, C. R. 91, 1030). The 
ethylate and sodic benzoate at 200°. On a ' aqueous solution of the base deposits, after some 
mixture of sodic ethylate and sodic phenyl- time, an amorphous isomerid^*. 
acetate CO forms various acids including one Iso-di-aldane ChII| 40 j [114°]. Formed by 
(BI0°-320°) which may be pheiiyl-vinyl-butcnyl heating aldol at 125° (W.) or by slow action of 
.' Metio acid, Ph.C(C..Il 3 ){CjjH..Kt)CO.JI. On aqueous IICN upon aldol (Lobry de Bruyn, 
a mixture of NaOEt and sodic cinnamato, [2] 42,161). 
eaibonie oxide forms di-ethyl-cinniiniic acid, Di-aldaoic acid CsHjjO, i.e. 
OJL.CEl:Ofit.CO.JI and di-butvl-cinnamic acid, CH3.CH(0H).ClI;j.CH;0H.CH(0n).CII.^.C02H 
OfiyC{CA):C{ClK^).CO.,iL Both are oils.-8. [80°]. (198°) at 20 mm. Formed by treating an 
Primaryalcohols heated with soJtt-Ziwzc form acids aqueous solution of di-aldane with Ag»0 Of 
and give off hydrogen thus : ItCII.OH + KOH « KMnO^ (Wiutz, CM. 83,255,1259). Monoclinio 
RC0«K4 2H, (Dumas a. Stas, A. 35, 129). But crystals. V.e.sol. alcohol or water, m. sol. ether, 
at a higher temperature a second reaction Salts:—KA'deliquescent crystals (from 98 p.c* 
ooours: RCOgK + KOH = RH + COjKj. If the alcohol).—NaA': plates (from alcohol).—BaA'^; 
hydregen evolved bd measured, some conclusion ppd. as pow'der by adding etiicr to an alcoholio 
may be drawn as to the molecular weight of solution.—CaA'j a:aq: v. e. sol. water, but^ nol 
tha alcohol; but the lower alcohols cannot deliquescent.—AgA'; small lamina (from boiling 
give good results, as the hydrocarbons RH water); iusol.^alcohol. 
afe gaseS^. Myricyl alcohol gives off 4? of Di-aldanic alcohol i.6. 

tibe calculated hydrogen (C. Hell, A. 223, 269).— CH3.CH(0H).CH2.CH:CH.CH(0H).CH2.CH20H 
M^en ^ alkyl carbonate is heated with [49°-'03'’]. (162°-165°) at 10 mm. Prepared by 
aA alcohol, exchange of radicles occurs if the reducing di-aldane in aqueous solution with a 
fadiolo of the alcohol contains more carbon large excess of (1 p.c.) sodium amalgam, the 
. s^ms than that of the ether (Rose, A. 205, liquid being kept slightly acid with HCh The 
^B40). Bq( when an alcohol is heated with an liquid is nqutralised and evaporated, freed from 
,. iseetali exchange takes place only if the alcohol NaCl by mcohol, and the alcoholic solatia 
Jjas the smaller radicle (Gcuther, A. 218, 46). distilled (Wurtz, 0, JB. 92,1871). White, cryptfU 
^^^ea an alcohol is boiled with a simpU line, deliquescent mess. y«. e..fcd. 9^ 





aleoholi v. sol. ether. fonns an soeiaie 
(o. 159*^) at 90 mm. Pi^aldanto 
uoonol does n>t reduce ammoniaoal A g KOj.. 

ContHiution .—The formation of a di-acetate 
seems inconsistent with the constitution oE^igned 
to di-aldanio alcohol. Di-aldano may be con¬ 
sidered to be derived from di-aldol, 

OH,.OH(OH).OH..CH( 01 [).CI 4 Cir(Olf).CTr,.CnO, 
by removal of H^^O. If this dehydration is to 
destroy two hydroxyls an anhydride must bo 
formed: 

CH,.CH.CH5 .CH.CH,.CH(OII).CHj.CHO 

(J) --1 

and the formulee of dialdane derivatives must 
be altered accordingly. 

ALDEHYDE (ACETIC) C.JI,0, i.e. C1I,.CH0. 
Mol. w. 44. (21«). S.a.fi'800'(Kopp,il.04,2U); 
^ *7799 (Bruhl); -7951; -7870 (I'erkiu, C. J. 

46, 476). S.V. 66*0 (Ramsay). fig l*;i359. 
R 00 18*18 (B.). njP.p. 48,740 (Thomsen); 
46,000 (Berthelot). H.F.v. 47,870. M.M. 
2*883 at 16*3®. V.D. 1*632 (for 1*5*20). 

Occurraice. —In the first portions obtained 
by rectifying spirit that has been filtered through 
charcoal, where it is perhaps formed by oxida¬ 
tion in the charcoal (Krtimer a. rinner, IJ. 2 , 
403; 4, 787; KekuU, B. 4, 718). The name 
aldehyde was invented by Liebig as a contrac* 
tion of alcohol dehydrogenatum. 

Forr)iation.’-‘l. In the oxidation of alcohol, 
either by slow combustion in contact with pla¬ 
tinum black, or by the action of CrO,, chlorine 
water, HNO„ or a mixture of II.^S 04 and MnO, 
(Liebig, A. 14,133). Also by oxidation of acetic 
ether and other ethyl compounds {e.g. ethyla- 
mine, Carstanjon, J. pr. 89, 480), and by slow 
combustion of ether.—2. By action of ZnClj on 
glycol: e,H 4 (Ori).i-H,O + 0 ,H 4 O (Wurta, A. 
108, 80).—3. From ethylene bromide and water 
at lC 0 ®(Canu 3 , A. 131. 172) CJl^Br. + HaO^ 
C 2 H 40 + 2HBr. From ethylene bromide and 
mercuric acetate (Linnemann, A. 143, 347).— 
4 . Prom ethylene and GOjsat 400® (Schiitzen- 
berger, Bl. 31, 482).—5. From acetylene and 
aqueous HgBrj (Kutscheroll, B. 14, 1510).— 
6 . By electrolysis of potassic lactate (Kolbc, A. 
118,244). of sugar solutions (II. T. Brown, O'. J. 
25, 678), or of alcohol containing H 2 SO 4 or KOH 
(Jaillard, 0. B. 68 , 1203).—7. By dissolving 
acetylene in dilute H^SO^ (S.O. 1*35) and dis¬ 
tilling the product with water (Lagermark a. 
Eltekoff, B. 10, 637).—8. By the dry distillation 
of a mixture of calcic acetate and calcic formate 
Ca(C 02 CU 3 ) 2 + Ca(C 02 U) 2 = 2 CaCO, + 2 TICO.CH 3 
(Bitter, A. 97, 869).—9. By oxidation of ethylene 
with aqueous CrO, at 120® (Berthelot, C. B. 68 , 
834).—10. By reducing chloral with zinc and 
^lute H 2 SO 4 (Per^nne, 0. i?. 71,227).—11. To¬ 
gether with formic acid by heating lactic acid 
with dilute H^SO^atlSO®: 

0 H,.CH( 0 H).C 02 H=CH2.CH5 + HCO2H 
(Erlenmoycr, Z, [2] 4, 343). Also, together 
with lactide, by the dry distillation of lactic 
acid.—12. Among the products of tire action of 
H;SO| and MnO, or K^Cr^O, upon albumen, 
fibrin, casein, gelatin (Guokolberger, A. 64, 46, 
86 ), ongluten (Keller, A. 72, 31).—13. By heat¬ 
ing acetal with glacial acetic acid sot IBO® for 
tiro days (Beilstein, 0. B. 48, 1121).—14. By 
parsing alpobol thiwgh a red-bol tube. From 
oil in tho tame wa/ (Hess, P. 88 , 880). 


Aldehyde oo<»inr uhong the products of the di^ 
distillation of wood (Kane, 2. 19, 288; Kramer, 
a. Grodzki, B. 9,1921; Mabery, Am. 6,258), and 
of sugar (Vdlckel, A^67, 803).—16. By distilli^ 
o-di-alkylated-fi-oxy-propiomo acids: 

Cn,.CH( 0 H).CRt 2 .C 02 H- 
cir 2 .ciio^ ciiKt^co^n. 

Preparation. —t. Frftu the ‘first runnings* 
in the rectification of fermented liquors.— 2 . 
Alcohol (3 pts. of S.G. *842) and K^Cr^O, (3pt8.) 
are placed in a retort and cone. HaSO, (4 pts.) is 
slowly run in. The heat evolved causes the 
aldehyde to distil off (W. a. K. Rodgers, /. pr. 40, 
240). It is collected in dry ether, which is after¬ 
wards saturated with dry NH,; aldehyde- 
ammonia separates in cubes, and this is distilled 
with (3 pts.) mixed with water 64 pts.), 

the receiver being cooled with ice and salt. The 
product is dried over CaClj and rectified. 

Properties. —Characteristic o<lour, miscible 
with water, but separated by CaCl* from solu¬ 
tion. Neutral. Readily polymerised. Mixes with 
alcohol and other. A mixture of aldehyde (1 pt.) 
and water (3 pts.) boils at 37®. Aldehyde dis¬ 
solves S, P, and I. Burns with blue flame. It 
dissolves 7 times as much SO.^ as water does. 

Tcsts.—l. Heated with ammoniacal silver 
nitrate forms a mirror.—2. Heated with aqueous 
potash forms a yellow body (aldehyde resin) and 
gives off a characteristic odour (Weidenbusch, 
A. 66,163). The solution then contains form¬ 
ate and acetate.—3. Restores the colour to & 
solution of a rosaniline salt that has been 
bleached by SO.^.—4. Reacts with hydroxylamino 
forming a liquid oxim (u. t 7 i/ra).— 6 . React* 
with phenylhydrazine forming a crystalline 
phenyl-hydrazide (u. infra). — 6 . Combines with 
NaHSO,.—7. Combines with NHj. 1 — 8 . H^S 
passed into an aqueous solution forms an oil, 
converted by acids into solid thio-aldehyde 
{g.v.).~d. Alkaline aqueous solutions produce 
a red coloration when treated with diazo-ben- 
zone sulphonic acid and alittlesodium-amalgum. 

Beactions.—l. Oxidised io acetic acid slowly 
by air, more rapi<lly in presence of platinum 
black, most rapidly by oxidising agents.— 2 . 
Passed over red-hot soda litnct it forms sodio 
acetate and hydrogen. Passed over red-hot 
quicklime, it gives acetone and various ketones 
and gases (Schlocmilcb, Z. [2] 5,336).—8. HI at 
high temperatures reduces it to ethane (Berthelot, 
Bl. [2J 7, 59).— 4. Sodium amalgam reduces' it 
to alcohol, some di-oxy-butano being also formed 
(Kekule, A. 162, 309).—5. Converted into 
crolonic aldehyde {g. v.) by ZnCl* or by aqueous 
solutions of sodic acetate or BoohelU salt at 
100®. Zinc shavings at 100° produce an alde¬ 
hyde CuIIjoOj ( 220 ®); it i^n oil and comMnes 
with NaHSO, (R^an, BL [2] 18, 63).—6. With 
chlorine forms, in sunlight, acetyl chloride 
(Wurtz, A. 102, 93).— 7. Chlorine passed into 
aqueous aldehyde forms chloral, botyro-ohlorA, 
dichloraldehyde, and other bo^es iPinner, A, 
179, 21; B. 8 , 1321, 1561; WuiTz a. Vogt, 
BL 17, 402). Bwmine converts aldehyde, 
dissolved in acetic ether, into bromal and 
di-bromo-aldehyde.— 8 . PCI, gives ethylidena 
chloride, CH,.CHC1, (Beilstein, A. 

COCL 2 acts similarly (Eckenroth, B. 18, 518)w^ 
9. P€U,Br, gives ethylidene bromide, CH,.CHBr^ 
(Paterno a. Pisati, B, 6 , 289).'—10. Dry HOT 
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2. with amnwnia : CH,.CH(On).KH,. 
Aldehyds-atamonia [70° 80°]. (100°). 

V.D. 80-36. By passing NHj intfi ethoreal solu¬ 
tion ol aldehyde (Liebig, A. 14,133). Ithombo. 
hcdrf, best got bymixing a cono. alcoholio solu¬ 
tion with ether, very soluble in water, hardly 
soluble in ether. Alkaline. Turns brown in air. 
Decomposed by dilute acids, even by CO^, giving 
off aldehyde. Reactions.—(n) HjS forms thi. 
aldine ( 7 . v.).—{h) H.Se forms selen-aldins 
C„II|jNSe..—(c) Alcoholio CS., forms carbo-thi- 
aldine {<]. v.). —(<J) HCN and HCl form, in the 
cold, hydrocyanaldine, or on heating, 

alanine {q. v.).—{e) At 120° in a sealed tube it 
forms tri-mothyl-pyridine, oxy-tctraldim 
C,II|jNO, anioxypenialdinc C|„II|iNO. The 
aqueous xiui lorins aiuoi [q. v.j. —I'-s. passeu ; two latter are inonacid amorphous bases, si. sol. 

into a mixture of aldehyde and alcohol foi-ms water (Babo, J. 72, 88 ; Heinlz a. Wislioenus, 
ohloro-ethylether (7. ti.). -13. HCl passed into a J. 18.58,317; Schiil, A. Suppl. C, 10).— (/) Ao- 
mixture of aldehyde andmercaptiinformsdi-tliio- tion of SO. is described above.—( 7 ) CS,, forma 
acetalCHj.CH(SEt)., a mobile liquid (Baumann, carbothialdinc C,H|,N._.S_. (q.u.).—(b) NaOEt and 
B. 18,884).—14. Aldehyde forms with zinc ethyl Mel in the cold form isooholino iodide, CjHnNOI 
a compound which is decomposed by water with (G. Meyer, B. 10, 207). 

production of secondary butyl alcohol (j. v.).— 3. With ammonia and silver nitrate or sul- 

16. When paraldehyde (1 p.) is added to cold phate: When AgN'Oj (100 c.c. of a ^ normal 
HjSO, (100 g.) and the solution is shaken with solution) is added to aqueous Nil, (15 c.c. four 
benzene, di.phenyl-ethane is got; times normal) and, after filtration, aldehyde is 

CHj.CHO + 2C,.H, = CHj.CH(C,H,).,+H^O added as long aj the pp. first formed redis.solves, 
(Daeyer, B. 7, 1190).—10. With cyanamidc it a liquid is got in which more Nil , (15 c.c.) causes 
form 8 acorapound(C.;H,)jN 3 Cy,,Aq (Knop.A. 131, ' separation of the compound CiIIuNjOjAg.laq, 
253).—17. With HCN it gives laoto-nitrilc ( 5 . u.). ! which must be washed with alcohol and ether 
18. With HCN, HCl, and NH, in aqueous I and dried at a low temperature (Itoychler, B. 
solution it gives, on boiling, alanine ( 7 . v.). A 17,41). It forms unstable white six-sided plates. 


passed into cold aldehyde forms ethylldene ohtor- 
hydrin CH,.CH01.0H, ^(25°) at 40 mm. This 
changes spontaneously. Or more quickly it heated 
or treated with HCl, into * etljylidene oxy-chlorida,’ 
C,H,CUO, (e. 59°) at 40 mm. A small quantity 
of another body, C.HuCljO, (e. 100°) at 40 mm., 
is also got. Ethylidcne oxy-chloride is probably 
di-chloro-di-ethyl oxide (CKj.OHCl)^©. It is 
converted by boiling water into aldehyde and 
HOI, and by ammonia into efflorescent needles 
of (CH,.CHNHj )20 2HC1 (Lieben, C. B. 46. 602; 
Kessel, A. 175, 46; Hanriot, C. B. 92, 302). 
Aldehyde saturated with HCl is converted into 
crotonic aldehyde ( 7 . v.), chloro-butyric aldehyde, 
and a compound C|„H|,C 1.;03 [98°j (Kekule, A. 
162,102).—11. Aldehyde left for some days with 


mixture ot aldehyde-ammonia and HCN in 80 
p.c. solution acidified by IICl Rives in tlie cold 
amido-propionitrile, which changes first to 
imido-piopionitrilc, and then, in about a montli, 
to hydrocyanaldine. 

Hydrocyanaldine S.'lSut 

20®. S. (alcohol) 1*27 at 18®. Prisms (from 
other). May be sublimed. V. sol. acetone, m. 
sol. ether, v. si. sol. CS.^. Decomposed into its 
components by boiling AgNOj or boiling KOfl. 

Parahydrocyanaldine CyH,^N,. [28*2®J. 

S. *01 at 20=; S. (alcohol) -01 at 18°. Tliis is a 
•imilar body formed by allowing the lliiuid con¬ 
taining hydrocyanaldine to stand several months, 
and also by warming a mi.'cturcof amido-and 
imido- propionitrile with IICl. Ehombic crystals 

i from acetone). Insol. ether, v. e. .sol. acetone. 
)ecomposed by AgNO^orKOII like hydrocyan- 
aldinc. 

Comhifiations. —1. With bisnljihifcs of Ihe 
alkalis : CjH,OMaH.SO.,A(i: pearly plates by 
evaporation over H.SO,; satiny needles when 
ppd. by alcohol.—C^H,OKILSOj: hard indis¬ 
tinct crystals composed of minute needles.— 
(C 2 H 40 ) 2 Ba(HS 03 ).^tr,soluble scales.—If a solu¬ 
tion of (NHJHSO, bo mixed with aldehyde and 
evaporated, it deposits crystals of C .II,OSO ,Nir„ ! 
S. 10 at 10° (Bunte, A. 170. 305). But by 
Mssing OOj into alcoholic aldehyde-ammonia, 
^dtenbacher (A. 65, .37) got unstable needles of 
an iaomorifc body, H. 70 at 10°. When strongly 
heated with pota 3 h-limc,thi 8 decomposed with pro- 
doetion of di-methyl-amine or ethylamine (Goss- 
mann, A. 91, 122).-It may bo C^H.ONH.HSO, 
(Beilstein).—The compoundof aldehyde with acid 
•odium sulphite may perhaps bo represented 
hy the formula CHa.CH(OH).SO,Na, as a-oxy- 
••thyl sodium sulphito. 


SI. sol. water, v. si. sol. alcohol, insol. ether. 
Its warm aqueous solution deposits a silver 
mirror.—If the same solutions be mixed in the 

• following proportions: 20 c.c. NH;,Aq, 33 c.c. 
j AgXO.,A(| and 20 c.c. aldeliyde, and 250 c.c. 

• alcohol be added, a whAe microcrystallinc pp. 
j C,H,„NjOjAg is got. This body is represented 
i by Liebcrmann a. Gold-^ehniidt {13. 10, 2170; 

11,1198) as AgNOj2C,H,NH ; 

Reyclilei- writes AgO.N (<*^(‘^>Cn.CH,),,— 

Ag.SO,(C.H,NH),3aq.-Ag,SO,fC.n,NII),fiaq.— 
Ag,'.SO,(dn,NH),NH 3 3aq (W. G.'Mixter,/Im.S. 
[3J 17, 127). 

4. A solution of aldehyde in alcoholic an%- 
monia in six months becomes brown. If it be 
then evaporated, tri-ethylidene diaininet or 
hydraedamuh (CH;,.CII).,N,;, is left as a yellow 
ainoT'.'hous powder, soluble in water. Its hydro¬ 
chloride is C,jH,-.N 22 HCl. Boillngwator or acids 
convert it into oxy-triaUline C,.Ii,,NO, an 
amorphous yellow powder, soluble in water; 
saUs.-CJI„N0.HCh-(CJI„N0).H2S04 (H. 
Schiff, Bl. [2J 8 , 413; A. Suppl. 0. 1). 

6 . Vfiih pmssic acid: C^jOCNH t. e. 
C-II,(OH)CN, ethylidcne cyanhydrin (U 
lactoontrile (q. v.).— 6 . With clliyl nitrate\ 
aH,02EiNOj (80°). S.G. 12 1046. Formed by 
distilling a mixture of KEtSO^ with KHO,. ft 
is an oil. Vapour explosive. Decomposed by 
potash into aldehyde (Nadler, A. 110,173). 

7. With ethyl chloride v. Ciiloro- ix-EXHTti 

OXIDE. 

8 . With alkoyl chlorides or hrornkU^. Thi 
following compounds maybe viewed as derived 
frometUylidoneglycolchlorhydrinCH,.OH'OH)0] 
(v. reaction 10)» by displacement of H by acid 
radicles* * 
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(a) yti^ acet^lckloridei 0 ^( 0 , C^,p.Clor 
C 2 H 4 (OAo] 01 , ethylidene ehloracetin (121*5^ cor.) 
6.0. u 1*114.^ Oombinatiotl takes place at 
100® (M. Simpson, Pr. 27,120; Franchimont, P. 
1 , 24C; Bubencamp, A. 225, 274). The £om< 
pound was discovered by Wurtz {Z, 1871, o62; 
A. Ch. [3], 49,58; C. R. 73, 528). Decomposed 
by potash into KGl, acetic acid, and aldehyde. 
KOAo forms CH,.CH(OAc), (Sehiff, 73. 9, 301). 
Chlorine at 120"', in presence of iodine, forms 
CHCl;{.CHC1.0Ac, tri-chloro-ethyl acetate (2.50"- 
280®). Bromine dropped into it at 100" forma 
bromethyl bromo-acetate CHj.CHBr.O.CO.CII^Br 
{ v . Buomo-acei'ic acid). 

(5) With acchjl bromide forms a corre¬ 
sponding, but unstable, compound (c. 140®) 
(Tawildaroff, A. 176, 21). 

(c) With liropionyl chloride'. CjHaClO^ or 
CH 3 .CIIC 1 . 0 (C.,IIs()), chloro - cihijl •j^opionatc 
(135® uncor.). S.G. i-oTl. 

(d) With buhjrylchloride: CHj.CHC 1 . 0 (C 4 Hj 0 ) 
(149® uncor.). S G. 1-038. 

(e) Withi;a?t?ryZc/i?orid<?: CH3.CnC1.0(C5lIj0) 
(c. 163®). S.G. '997. 

Derivatives ok Ortho-Aldehyde. 

The following combinations between alde¬ 
hyde and compounds of the form M-D may bo 
viewed ns derivatives of ortho-aldehyde, 
CH 3 .Cn(On)a. Ortho-aldehyde itself is not 
known, but chloral hydrate is tri-chloro-ortho- 
aldchyde. 

Alkyl derivatives, Acetals or Aide- 
hydates. The term ‘ acetal,’ originally applied 
to Cn 3 .CII(OEt).,, is now often extended to the 
whole scries of di-alkylated ortho-aldehydes. 

These bodies are formed, together with other 
products, by the oxidation of alcohols. Each 
of them may be formcd*froin one of its higher 
homologues, by heating the latter at 120 ®, with 
an alcohol containing a lower radicle. Thus 
di-ethyl-acotal heated with methyl alcohol yields 
dimethylacetal, whereas the Jattcr heated with 
ethyl, propyl, isobutyl, or amyl alcohol yields 
only traces of an acetal containing different 
alcohol-radicles. Similarly diethyl-acctivl heated 
with methyl-alcohol is converted, for the most 
part, into dimethylacetal, but is practically un¬ 
altered by propyl and amyl alcohols (Bachinann, 

A. 218, 38). Aldchydatcs may also ho formed 
by heating aldehydes with alcohols and HCl 
(Wurtz a.Erapolli.A. 108,226; Claus a. Trainer, 

B . 19, 3004). 

Ethyl-ortho-aldehyde CH 3 .CH(OH)(OEt) 
(80®-90®) (Renard, B. 8,132) (c. 50®) (Jacobsen, 

4, 215). Among the products of electrolysis 
of mixture of alcohol and dilute ILSO, ( 11 .). 
By action of water on chloro-otiiyl-other, 
CH 3 .CHCl.ORt (J.). 

Di-meth y l-accta I C^n,o 03 i.e. CH 3 .Cll(OMe )3 
(62*7®-63*3°) at 751*6mm. S.G. 22.8G55 (Bach- 
mann); *8590 at 14® (Dancer, A. 132, 240). V.D. 
8-10 (for 3-11), S.V. 110-81 (R. Sehiff, A. 220, 
104). Occurs in crude wood spirit (D.). Formed 
by oxidising a mixture of MeOH and EtOU with 
MnO* and H 3 SO 4 (Wurtz). Prepared by heating 
aldehyde (4 vols.), methyl alcohol (8 vols.), and 
glacial HOAc (1 vol.) at 100® (Alabcrg. J. 1864, 
485). A colourless liquid burning witTi a white, 
blue-edged flame (Wurtz, A. Ch. [ 8 ] 48, 378). 
BtOH at 120® has hardly any actiifo, traces of 


methy};«th^r-aoetal being formed. Propyl, iso* 
butyl, and iso-amyl alcohols act similarly. 

Uethyl-ethyl-aeet%l CH 3 .CH(OMe)(OEt). 
Reactions that migl^ be expected to produce 
this body yield only a mixture of di-methyU 
acetal and di-ethyl-acetal (A. Geuther, A. 22fft 
265). 

Di-ethyl acetal v. Acetal. 
Meihyl-propyl-acetal C^HnO^ %,$. 
Cn 3 CH(OMe)(OPr) (103®-105®). Very little is 
formed from di-methyl-acctal and PrOH at 120°. 

Eihyl-propyl-acetal C^Hj^Oj i.e. 
CH3.Cn(OEt)(OPr)(124®-126®). Very little is 
formed from di-ethyl-acclal and PrOH at 120°. 

Methyl-isobutyl-acetal C.lI^jOa 
(126°). Dimethyl-acetal (15 g.) heated with iso¬ 
butyl alcohol at 120® forms a little (1 g.) of this 
body. . 

Methyl-iso-amyl-acetal C^H ,„03 
(14i°-144®). A little got from di-methyl-acctal 
and iso-amyl alcohol at 120°. 

Di-propyl-acetal CA^\h0.i (146®-148°). S.G. 

Got by passing pure PH, into a mix¬ 
ture of aldehyde and PrOIIat ~21® (Girard, C. 

R. 91, 629). 

Di-iso-butyl-acetal (168®-170®). 

S. G. ^2 'SIC. Prepared like the preceding. 

Di-iso-amyl-acetal C,oH„uO.. i.e. 
CH 3 .CH(OC,H„), (c.195®) (Bachmann); (210-8° 
cor.) (Alsberg, J. 1864, 485; Claus a. Trainer, B, 
19,3008). S.G. ^-801(3.); 15-835 (A.). Alde¬ 
hyde (1 vol.) and iso-amyl alcohol (5 vols.) are 
mixed, saturated with SO.^ and warmed with 
glacial HOAc (1 vol). A small quantity is got 
by heating amyl alcohol with acetal at 120°. 
Ethylenc-acetal C^H^Oj i.e. 

CH,Cn<Q>C,H| (82-5'‘)at TCCrnm. S.G.si-002. 

S. 67. From aldehyde and glycol at 100° 
(Wurtz, A. 120, .'12H). Separated by CaCl., from 
its aqueous solution. Not allacked by KOH. 
Acetic acid gives glycol di-acctin. 
Propylene-acetal CiU|„Oj i.e. 

CIIj.CH<^q^C 3 H„ (93°). From aldehyde and 

propylene glycol at 160° (Gramont, Dl. 41, 361). 
Decomposed by water into aldehyde and propy¬ 
lene glycol. 

Oxy-propylene-aceial CsH,„Oj 
<.e.CH..CH<^C,H 30 H (c. 186°) S.G. 2 1-081. 

From aldehyde and glycerin at 180° (Har* 
nitzky a. Menschutkin, A. 136, 126). Decom¬ 
posed by water into its components. 

Di-{A)-naphthyl-ac6tal Cn^Hj^O* t.c. 
Cn3.CII(0.0,JI,)... [201®J. Slowly formed when 
(i3)-naphthol and aldehyde are dissolved in acetio 
acid and a few drops of HCl^rc added (Claisen, 
B. 19, 3318). Crystals; insol. aqueous alkalis. 
Changed by warmirfg with HOAc and HCl into 
cthylidene-di-naphthyl oxide, 

CH3.CH<C;A^0. 

Alkoyl derivatives 01 ethylid^esaUe. 
When both alkoyls (acid radicles) ate the same, 
these bodies may be viewed as compounds of 
acid anhydrides with aldehyde. They are slowly 
decomposed by water, more rapidly by potash, 
into aldehyde and acids. Mono-alkojl deri¬ 
vatives, CH,.CH(OH)(OK) are not known; they 
appear to split up into water and the on* 



10 ^ 

Writo |OTrCH(0E)|,0. 

. may 1)6 froi3#^*oWoro-di-6tby5 oxidfli 

{CIH,CHC1),0 and sodinm salts. They are vola- 
tUeiliqnidB, decomposed l^r water into aldehyde 
wad acid (Gcnther, .d. 226, 223). , 

Di-acetyl derivative CH,.Cn(OAo), 
■(168-4« cor.)."^ S.G. « 1073. M^- l lO at 28 . 
1. From CIl 3 .CUCl((?Ac) ?.nd -AgOAc (Ki'ben- 
camp, A. 225,271).-2. From aldcliydo and Ac^O 
at 180“ (Gentlier, rl. 10(5, 249).-3. i rom aUe- 
hydeand AoClat 100“ (Franchimont, It. 1, 248). 
Di-propionyl derivative 

CH,.CH(OCjH 30 ).i (192'2“ cor.). S.G. ^ 10-0 
H «■ 1-407. From CH 3 .CHC 1 ( 0 C 3 H 30 ) and 

^Di-butyryl dcritio(i!)eCIl3.CH{OC,II;0)2 

(226® cor.). S.G. *917. 

Acctvl’propionyl derivative 

0HrCH(OA^(OC3H,,O) (1786“ 
u>» 1-402. From AgOCjH.O and CHj.CUCl.OAc 
or from AgOAc and CUj.CHCl.OC^H^O (Geuther 
a. Bfibencamp, A. 225, 281). 

Acetyl-butyryl derivative 

CH..CH(OAo)(OC,H,0) {192-0“cor.). S.G>1-015 
u-1-047. From AgOC,H,0 and CHj.CllCl.OAc, 
or from AgOAc and C11|.CHC1.0C,H,0. 

Acetyl-valeryl derivative ^ - j, 

0H..CH(OAc)(OC,H,O) (191“-1»9° cor.). S.G. “ 
•991 n = 1-408. Similarly prepared. 




PoLTMKBTDEB of Alil>EIlYDB. 

Aldehyde rcaoily polymerises, terming aldol 
CJLO, (o. V.), paralclehyde C 3 H,.jO„ or metal- 
dehyde C..,H,„0„. 1‘ure aldehyde may be kept 
without change, but when impure it spon¬ 
taneously changes to paraldehyde or motalde- 
hyde (Weidenbusch, A. 06, 155; lehhng, A. 
27,819; Geuther a. Cartmell, A. 112, 1(>; Lie- 
ben, A. Svppl- 1. m 5 Kekul5 a. Zinckc, A. 
142, 141; 73. 3, 408). Metaldehyde is formed 
-from aldehyde at a low temperature by the same 
reagents that cause the tormation ot paraldehyde 
ftt high temperatures (K. a. Z.). Neither of these 
bodies is affected by hot potash, but both of 
them are converted by PClj into ethylideue 
chloride, CHj.CIICl.^, and by HCl into' ethyhdene 
oxy-chloride * (v. supi'a). A little alcohohe HOG 
converts aldehyde into a mixture of metalde- 
hyde, paraldehyde, and a little crotonic alde¬ 
hyde (Perkin, C. 7. 43, 88). 

Paraldehyde C3ll,.,0,. Mol. w. 132. [10 -12 ]• 
124°i.V.) (K.a. Z.); 124 - 4 ' )at7.52mm.(U.Sohiff, 
i. 220,104). S.G. ^ -9943 (Briihl); -9993; 

I -9900 (Perkin, C. J. 46, 479). aV. 150-7 (S.). 
?J). 4-35 (lor 4-65, S.). pp 1-4095. Ea, 6218 (B.) 
)I.M..6-662 at 17C°. S. 12 at 13° ; 6 at 100 . 

.^gjoration.—Inpresenfe of a small quantity 
Dl HCl, COClj, or SOj, aldehyde gradually 
become* hot, often reaching 40°. It is then 
ehangra to paraldehyde. HjSO, and ZnClj 
effect thw change even more vigorously. The 
product IB cooled to'O®, when paraldehyde 
erystallises. 

Prqpcrftcs.—Colourless liquid, smelling like 
acetal and aldehyde. It is partially converted 
into aUlehydo by distillation. Distillation with 
HCl, ZnClj, HgBr„ or COCl, completely 
^^s this change. The reactions of paralde¬ 
hyde, in presence of any of these bodies, *** 


therefore 

forms OH,.CH(OAo), with koD. M it d««* 
not rea6t with ammonia. HNo, oxidises it io 
glyoxal (Liubawin, /. 18, 496). 

Constitution. — The S.V. agrees With that 
required by Kekul 6’3 formula 

c^<<o.c:h;>° 

Metaidehydo C.H, A- S.(chlorotorm) 1-034 
at 20°; 4-235 at 00°; S. (benxeue) -12 at ^ , 
-181 at 80°. Formed by passing a few bubbles 
of SOj or HCl into aldehyde in a freezing mix¬ 
ture; metaidehydo crystallises out, and the 
luother liquors are distilled and treated as before 
(K. a. Z.). CaCl., effects the same transformation 
at the ordinary temperature. 

Froperties.—Long striated prisms, sublimes 
about 115° without molting. Insoluble in water, 
slightly soluble in cold alcohol or ether. It may 
be converted into aldehyde : (a) by heating for 
a day in vacuo at 180°, (b) by repeatedly dis¬ 
tilling under atmospheric pressure, (c) by heat- 
iiig its solution in chloroform. The vapour 
density may be found in the usual way, duo 
allowance being made for its partial dissociation, 
the amount of undecomposed metaidehydo being 
estimated after cooling. The V.D. is thus found 
to lie between 72-2 and 59-1, the mean value 
being 62-5. Mctaldcliyde is not attacked in the 
cold by KMnO„ chromic mixture, or NH,. Ohto- 
Hne forms chloral; PCl,gives ethyhdene ch otide 
(Ilanriot a. Oeconomidcs, G. B- 93, 4()3; A. Olu 
[5] 25, 226). 

Di-aldehyde v. Aldoi,. „ „ 

ALDEHTDE-ACETAMIDE 0,H,2N.A i-*. 

Cn,.CH(NHAo)., di-aceUjl-ethylidcne diamiM 
[169°]. Got by heating aldehyde with acetarmde 
(Tawildaroff, B. 5, 477)^ * 

ALDEHYDE ACETATE v. p. 106, 1. 6 . 

ALDEHYDE ACETYLCHLOEIDEt).p.l06,1.1. 

ALDEHYDE ALCOHOLATE v. p. 105, 1. 68. 

ALDEHYDE (JEEEN t). lloSANiniNX. 

ALDEHYDE GUM C,.H„0.. The barium 
salt is formed by allowing o solution of aldehyde 
in baryta-water to stand for some time. From 
this salt n,SO, liberates the ‘ gum ’ as a syrup, 
soluble in water and alcohol. It reddens 
rosaniline decolorised by SO,, and it gives iodo¬ 
form with I and Na,CO,. Beduces liotFehlmg s 
solution-Ca(C,Ai 70 ,)j: amorphous (ToUens, 

i^DE^YDE PHEHYL-HYDRAZIDE 
C,H,.N,t.e.Cn,.CH:N,HPh. , 

From aldehyde and phenyl-hydrazine in ether 
ti, Aldeiivdes, reaction 4- Crystallised mom 
benzoline. Deliquescent. V. sol. alcohol OT 
etlier. Kesolved by boilinjwater or dilute acids 
into its constituents. ,. .. 

ALDEHYDE SESIH. Formed by the action 
of aqueous*or alcoholic potash, hot or col^ 
upon aldehyde, or by heating aldehyde with 
NaOAc in sealed tubes at 100°. It is a(wm. 
panied by a strongly smelling yellow oil which 
may be removed by distillation. Aldehyde resin 
resembles colophony. It produ^s, when fns^ 
with potash, oxy-iso-phthalic acid J' “'“i" 
j»-toluio ecid [173°], and m-xylenol, C,H,M^H 
When strongly heated with zinc dust it gives 
ethyl-benzene, m- and p- methyl-ettgl-OTI wns 
and methyl-naphthalene. Ckinc. ;iB!iPj|,jjpfw 



m 




, A. 66, IfiS; 

. i( a bod; de> 
rivad from a primary aloobol by removal ot two 
atoms ot hydrogen from each molecule, mid 
baving the general formula B.CO.H. It nlay 
therefore be looked upon as a ketone in which 
one alkyl is represented by H. Aldehydes may 
^SO be viewed as hydrides of acid radicles, 
hence GH,.CO.H is called acetic aldehyde and 
not ethyl eddehyde, although the latter name is, 
etymologically, the more correct (p. 103). 

Enumeration .—In the following list the 
numbers denote values of n. C,H,„0. 1. For¬ 
mic t 3. Acetic; 3. Propionic; 4. Butyric; 5. 
Valerio; 6 . Hexoic; 7. Heptoio; 10 . Deooio; 

13. Laurio; 14. Myristic; 16. Palmitic; 17. 
Stearic.—3. Acrylic (acrolein); 4. 
Crotonic; 6 . Tiglio; C. Hcxenoic; 8 . Ootenoio; 

14. Tetradecenoic; 15. Cimicic; 21. Tri-oenan- 
thio. — 0 ,H 5 ,., 0 . C„H,„0, Tetra-cenanthic.— 

Benzoic ; Pheuyl-propionio. — 
Cinnamic.—0„II.„. 1 , 0 . Naphthoic. 
—CpH^.,,0. Di-phenyl-acetic.—C„H....O.,. Gly- 
colko (?). Oxypropionic. Oxybutyric (aldol). — 
0 ,H»,. 30 ,. Glyoxal. — C„H 3 ,_, 03 . Maleic. — 
O.H.„.,Or Furfurol.—C„li.„-,0.,. Oxy-benzoic; 
Furfur-acrylic, Furfurcrotonic. — C^II-j.^O,. 
Suberic. Azelaic and Brassylic.—C„H„ ,0,. 
Di-oxy-benzoic; Piperonal.-C„Hj„.,„0, Di-alde- 
hydo-resorcin; Di-aldehydo-oroin. 

Formation, —1. By oxidation of primary 
alcohols by air and platinum-black, by agaeous 
chromic acid or by H,SO, and MnO,: 

2B.CH,.OH + 0,=2E.CO.H + 2H.,0. 

2. By distilling a mixture of barium or calcium 
formate with some barium or calcium salt; 
■Ca(O.CO.U),» Ca(O.CO.H).,=2CaCO, -f 2H.CO.B 
(Limpricht, A. 97, 368 ;*Piria, A. Ch. [3) 48, 
118; Krailt, B. 16, 1717). This process is a 
particular case of Williamson’s method of pro¬ 
ducing mixed ketones. Instead of calcic formate, 
a mixture ot calcic oxalate wd lime may be 
used (Bogusoh, J. It. 7, 47).—3. From chlorides 
of the type B.CII.Cl, by heating with dry oxalic 
acid (^schiitz, A. 226, 19).—4. Chromyl di- 
chloride, Cr 03 Cl 2 i unites with toluene and its 
homologues when added to their solution in 
C3„ forming brown powders, possibly of the 
form BCH(0.Cr01,.0II).„ which ate decomposed 
^ water with production of aldehydes (A. Etard, 
0. B. 90, 534; 97, 909; Bomcmann, B. 17, 
1463).—6. Aromatic aldehydes may be prepared 
by heating dichloridcs B.CHCI 3 with NaOIIAq, 
or the monochloridcs, B.GII,01 with aqueous 
lead or copper nitrate.— 6 . Alcohols of the form 
B.CH;GH.OH appear to change, at the moment 
of their formation intb aldehydes, B.CH,.CI10. 
The formation of acrolein from glycerin, and of 
aldehyde from bromo-ethylene are instances.— 
7. Some aldehydes, as benzoic, acetirf, propionic, 
and butyric, are produced by distilling albumen, 
fibrin, oaseSn, or gelatin, with MnO, and II 3 SO,. 
& Many aldehydes can be obtained from essen¬ 
tial oils derived from plants; e.g., benzoic, cin- 
hamio, euminio, and salicylic aldehydes. 

Propatiee .—Almost all are volatile liquids. 

Btaenoni. —1. Are readily oxidised acids, 
Wtd eonsequently are powerful reducing agents. 
IMonia lioobols, B.GO.OU,OH, resemble aide- 
Ut^uciog power (Zinck^ 4.616,617).— 
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3. Many ari> ointTerted by ailcabolia potash 
or by potash-fusion into an alcohbt and an acid: 

20.H..CHO + KOH - O.Hf.003K + O.H,.CH,OH. 
Glycols with double th^numberof carbon atoms 
in the molecule are often formed.—3. Sodium- 
amalgam, or zinc and glacial HOAc, reduce them 
to alcohols (Krafft, B. 16,1714; Tiemann, B, 
19, 355).—1. 'They ecomlKne with NaHSO^. 
'These compounds are usually soluble in water 
and in alcohol, but insoluble in saturated solu¬ 
tions ot the bisulphites. Honce by shaking a 
liquid containing an aldehyde with excess of 
such a saturated solution, the aldcdiydo may be 
completely separated in the form of a crystalline 
compound. From these compounds the alde¬ 
hyde may be set free by dilute HBO, orNUjCO,, 
and may then bo distilled with steam (Bertagnini, 

A. 85,179,268).—5. They combine with pJtenyl- 
hydrazine {q. o.). A solution of phenyl-hydra¬ 
zine hydrochloride (1 pt.) and sodic acetate 
(1^ pts.) in water (8 pts.) when added to an 
aqueous solution of an aldehyde or ketone, pro¬ 
duces an insoluble compound, usually an oil 
appearing in drops producing a milkiness, but 
sometimes a crystalline pp. These compounds 
are not volatile with steam, but on boiling with 
dilate HCl they are resolved into phenyl-hydra¬ 
zine hydrochloride and the aldehyde or ketona 
(E. Fischer, A. 190,131; B. 15, 2252).—6. They 
form a silver mirror when heated with cone, 
ammoniacal silrer nitrate. The redaction is 
promoted by adding NaOH (Tollens, B. 15,1635). 
7. A solution of a rosaniline salt, bleached by 
SOj, is reddened by aldehydes, in the cold 
(Schiff, Z. 1867,175; Caro; V. Meyer, B. 13, 
2342). This teat is not infallible (Tiemann, B. 
14, 791); it is given by ahh hyde, paraldehyde, 
propionic, iso-valeric, and mnanthic aldehydes, 
chloral, butyro-chloral, acrolein, furfurol, ben¬ 
zoic, cinnamic, and furfurcrotonic aldehydes, 
furfuracrolein, salicylio aldehyde, cimicic alde¬ 
hyde ; it is not given by chloral hydrate, tormio 
acid, carbo-hydrates, propyl alcohol and higher 
alcohols, pinacone, glycol, the phenols, or qui- 
none; a faint colour is produced after some tims 
by acetone, and methyl and ethyl alcohols (Q. 
Schmidt, B. 14, 1848).—8. Alkaline aqueout 
solutions produce a coloration like magenta 
when treated with diazo-benzene sulphonUs acid 
and a little sodium-amalgam. Acetone and aceto- 
acetic ether give a dark red coloration without 
the violet shade (Penzoldt a. E. Fischer, B. 16, 
657).—9. Aldehydes are converted by hydroxyl- 
amine into aldoxims; 

B.CUO + HjNOH = B.CH;NOH H,0 
(V. Meyer, B. 15, 1164, 1321, 1525, 2784; I6, 
822,2992).— 10. u^i-nuthyl-p-phenylenediamim 
acts vigorously on aldehydes^ alcoholic solu¬ 
tion forming crystaUine compounds (A. Calm, 

B. 17, 2938): Ph.CHO-t-NII,.C,II,.NMe,=i 

Ph.CH:N.C,H,.NMe,, + H,0. 

11. Homologues of acetic aldehyde forA crys¬ 
talline compounds with ammonia, B.CH(N HJOH. 
These are converted by H,S into sulpithr bases 
(v. p. 104, 1, 9). The aromatic aldehydes are con¬ 
verted by ammonia into hydramides: 

3Ph.CHO + 2NH,=(Ph.0H),N, e 3H,0. 
Some fatty aldehydes, e.g. iso-butyric a^ehydo 
(Lipp, A. 211, 344) behave similarly. Acroleia 
loses only half its oxygen: 

8C,H,0-r HH, - CANO + H,0. 
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Priiiiftr; and ieoondary bases aet tt|^n aldeh;dsi 
a’ith eiiminatioii ol water. The neutral pro¬ 
ducts are split up byilCl into their components. 
13. Chlorine forms derivatives by substitution.— 
18. PCI, displaces 0 by*Clr—14. Hl^S displaces 
-0 by S, forming thio-aldehydes, or their poly- 
merides.—16. PCI, combines with aldehydes; the 
compounds are ooi^erted by water into phos- 
phinic acids (g. v.). —16. PH,! forms crystalline 
compounds (e. PriospitiNKs). —17. Aldehydes re¬ 
act with alcohols forming acetals (p. ): 

B.CIIO + 2H0R'=1{.CH(0K'), + H,0. 
Similarly, mercapUins form mereaptals (Bau¬ 
mann, B. 18, 881).—18. Alkyl chlorides form 
chlorinated ethers {e.g. CHjCHCl.OEt). Alkoyl 
chlorides act similarly (p. 105, 1. 1). -19. Ilydric 
cyanide combines with aldehydcs.forming a oxy- 
nitrilcs. These nitriles give (a) on .saponiKeation, 
oxy acids, ( 6 ) on treatment with ammonia, 
smido-nitriles, whence amido acids may be got 
(Tiemann, B. 14, 1905).—20. Aldehydes may 
be converted into amido acids by allowing tliem 
to stand for 30 minutes with a 3 p.c. solution ol 
NH,CN, and then boiling with HCl (Liubawin, 
J. R. 13,500).—21. Benzoic aldehyde reacts with 
nUro-paraJJins thus: I’h.CHO + H..C(NO.;).CH, = 
Ph.Cn;C(NO,).CH, + H,0 (Priebs," A. 225, 319). 
22. Aldehydes condense with aromatic com¬ 
pounds with elimination of 11,0 and formation 
of tri-substituted methanes. Thus aldehyde 
and benzene give di-phcnyl-methyl-mctliano; 
benzoic aldehyde and phenol give di-oxy-tri- 
phenyl-methane; benzoic aldehyde and aniline 
give di-amido-tri-phenyl-metiiane. -23. In pre¬ 
sence of small quantities of acids, aldehydes 
form red resins when warmed with phetwLs. 
Many of these are converted by excess of acids 
■into crystalline isomcridcs. Thus benzoic alde¬ 
hyde forms with pyrogallic acid prisms (from 
ether) of ; tliis forma an acetyl dcri. 

vative C-jH.jACjO,. Benzoic aldehyde and resor¬ 
cin form If a few drops of a liquid 

containing an aldehyde be boiled with an alco¬ 
holic solution of resorcin and a little IICI, and 
be then poured into water, a pp. is formed. 
This may be used as a test for presence of alde¬ 
hydes (Baeycr, B. 5, 25; Michael a. Ryder, B. 
19, 1388).—21. In dilute alkaline solulinn alde¬ 
hydes condense with ketones or other aldehydes 
with elimination of 11 , 0 , and production of com¬ 
plicated aldehydes or ketones. - 25. For tho re¬ 
action between aldehydes and o-di amines v. 

ALDEHVt>IN£S. 

pEitKis’s Synthesis of Unsatciiated 
Acids.—B enzoic aldehyde, acetic anhydride and 
Eodic acetate, heated together form sodic cin- 
namate. 

In this reason the sodic acetate may be 
exchanged for ^io butyrate or valerate, but the 
product will still bo soSic cinnamatc; hence 
Perkin concludes that the reaction takes place 
betwKen the aldehyde and the anhydride. Fittig 
came to the opposite conclusion, viz., that tho 
aldeh}4o acted on thp sodium salt and that the 
nature of the anhydride was immaterial, thus if 
sodic succinate and acetic anhydride were used, 
the condensation took place with the sodic suc¬ 
cinate. To tills Tiomann (B. 15, 2061) objected 
that^iossibly the acetic anhydride acting on tho 
.sodic succinate formed sodic acetate and suc- 
-cinic anhydride, and that the latter reacted upon 


the aldehyde. Stuart (B. 16,1486) then showed 
that when sodic malonate was used condensa¬ 
tion took place between it and the benzoic 
aldehyde, although no malonio anhydride is 
knom. He also showed that in this case glacial 
acCtic acid might be substituted for acetic an¬ 
hydride. According to Fittig, aldol-like condensa¬ 
tion-products are first formed, and these, when 
tliey split off water, give the unsaturated acids 
{A. 227, 49). This is shown by the action ol 
sodic iso-butyrate on benzoic aldehyde in pre¬ 
sence of isobutyrio anhydride, when the anhydride 
of the isobutyrio derivative of 8-oxy-i3-phenyl- 
valorio acid l>h.OH(OH).CMe.,.CO,H (g.oj is 
formed; in which there is no il for the OH to 
split off with. If NaOAo bo used instead of 
sodium isobutyrate oxy-phenyl-valeric acid is 
still formed, a result that supports Perkin’s 
view (Perkin, 0. J. 49,317). 

CEnanthol and valeric aldehyde may be 
substituted for benzoic aldehyde in these syn¬ 
theses, while tho sodium salt and anhydride of 
propionic or n-bntyric acid may bo used instead 
of tho corresponding derivatives of acetic acid. 
Condensation then takes place in the a position; 
l>h.CiIO f CH.,.CH,..CO.,Na = 
Ph.CH;CMc.CO,Na + H.,0. 

A dibasic acid can unite with one equivalent 
of an aldehyde for each CH,.00,11 contained in 
its formula; the product may then lose H,0, 
becoming a lactonic acid or an nnsaturated acid. 

ALSEHVSINRS.—This name was formerly 
applied to the base C,II,|N obtained by heating 
aldehyde-ammonia, since shown to be tri-methyl- 
pyridine (g. r.). Tlic same name has since been 
used by Ladenburg (B. 10,1126; 11, 590,1050) 
to denote bases obtained by mixing dilute 
aqueous solutions of aromatic o (but not m or p) 
di-amine hydroohlorkles with aUlehydes. Con¬ 
densation occurs with evolution of heat; the 
yield ol aldehydine aftw crystallisation is 60 to 
70 p.c. of tho theoretical. C,Hj(N 11,), -i- 2H.CO.R= 
Cxll) N,C,H.,Rj + 211,0. Tims o-tolylene-di-amine 
hydrochloride aftd benzoic aldeiiyde give rise to 
C,H,N,C,lI,Ph 2 folylene benzaldehydinc. 

Tile same body is formed by tho action of 
benzyl chloride on anliydro-bcnzoyl-tolylone di- 
N = C.Ph 

amino at lOO’, C:n,< / . Hinsberg con- 

eludes from this that its formula is 
-N = C.rh 

C,H.< / (B. 19,2025). Under the con- 

\N—CH.,Ph 

ditions of this experiment molecular change is 
more likely to occur than in the usual prepara¬ 
tion ol aldchydines in aqueous solution. AU 
other considerations pqjnt to a symmetrical 
formula; and since in stability and other pro¬ 
perties these bodies resemble the quinoxalines 
it is probtble that, together with the latter, they 
belong to the class of azines: tolylene benzalde- 
-N-CHPh 

hydine would then be C,H,^ | | . Ths 

\N-CHPh 

formula given by Ladenburg is 
.R_-CHPh 
C,H.< V 

• \n -^CHPh 

Phenylene-anis-aldehydine a„H„N,0| 
[129°]. Keedlet. Soluble in aloonnl. Ptepitred 
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ky lining anitia aldehvde with an aqneoas 
lolution of o-phenylene-diamina hy^oohloride. 
B'HCl: noedl^; difficultly soluble in water. 
Phenylene-bensaldehydine 
,N^.CH.CA 

[133‘’-134‘>]. , 

water, easily 






[95°-9e‘’]. 


Biz-sided prisms. Insoluble in 
soluble in alcohol and benzene. 

Preparation. —(1) By heating o-phenylene- 
diamine with benzaldohyde. (2) By shaking 
benzaldehydo with an aqueous solution of o- 
phenylenediamino hydrochloride. 

Salts. —B'HCl: colourless prisms. 
(B'HCl).jPtCl,: yellow precipitate. B'HNO,. 
Slightly soluble prisms. B'^H^SO^: colourless 
leaflets. 

Ethylo-iodide OjoII„N,{02HJI [211°-213°]. 
Colourless prisms. 

Methylo-iodide Ca,H„Nj(CIIj)I. Prisms. 
Pbenylene-furfur-aldehydine C„H,,N.,Oj i.e. 
.(l)N,_^Cn.O,II,0 

''(2)N^CH.C,II,0 
Colourless crystals. Soluble in alcohol and CJI„ 
with difficulty in ligroi'n, insoluble in water. 
Prepared by shaking furfurol with an aqueous 
solution of o-phcnylenediamine hydrochloride. 

Salts. — (B'HCl).PtCl 4 : yellow leaflets. 
B'HNO,; slightly soluble needles. 

Methylo-iodide 0„H,jNj02(Cn,)I. [192°- 

196°]. Prisms. 

Tolylone-anisaldehydine C..,H,jN 20 , i.e. 

,(1)N CH.C4H,{0‘.Mc) 

C,H,(CHJ(; V [Ifl2°-15G°] 

\(2)N''^-^CH.C.H.(0Me) 

Needles. Prepared by the action of anisic alde¬ 
hyde on an aqueous solution of o-tolylene- 
diamine hydrochloride. • 

Tolylene-benzaldehydine C.,,H|,N .4 i.e. 

/(1)N CH.C4H4' 

C.H,(Cn4)<; )<( [195-5°]. 

Colourless prisms. Forms unstable sails with 
acids. Prcp.ared by heating benzaldehydo with 
o-tolylene diamino to 110°. Yield 45 p.c. of the 
diamine. 

B'ilOl + IIjO; long needles; difficultly soluble 
in strong HCl. 

Ethylo-ioilule [180°-181°]. Needles or prisms 
(•l^HjO). Soluble in water. With iodine it 
forms a periodide C..,H|,N;(C 2 Hj)I, [123^]. 

Gives a strongly alkaline solution with Ag.G 
which on neutralising with HCl and adding 
PtCl, gives a crystalline platino-chlorido 
(OaH2,,N2CI)2PtCl,. 

Methylo-iodide [209°]. Thin white needles. 
Fhenylene-benzaldel^dine carboxylic acid 
.(1)N-CU.C,[I, 

C,.,H,.N.02i.c.C02fI.0.H3< V 

\(2)N—cir.c„ir, 

Prepared by the oxidation of tolylonc-lamz- 
aldehydinft with KMnO,. Is not altered by 
heating with HCl to 200°. 

Saifs : A'Ag: white precipitate. A'jCatdiffi- 
eultly Bolnble noodles. 

lolylen^furfuraldehydine 

.(l)N^. oac^tijO 


[128PJ. Tto white prisma. Easily soluble 
alooholy ether» <&o.y with diifioalty in cold ligrpln. 

Pre^ration. —(1) By heating furfurol with 
o-tolylenediamine. (2) By adding furfurol 
(20 pts.) to a solutioit of o-tolylenediamino 
hydrochlorido (20 pts.) in 80 pts. of water; on 
standing the hydrochloride separates out and ia 
purified by crystallising the base repeatedly 
from ligroin; yield 65 p.c. o? the theoretical. 

: B'HNC).,; needles. : prisma 

(B'HCl).PtCl^: yellow crystals. 

Methylo-iodide [11)5*5^]. Lcafleta, Diflicultly 
soluble in water; bitter ta.ste; powerful poison. 

Methylo’chloride: Icaiiiiis ; cuBDy soluble in- 
water. Powerful poison. 

Methylo-lriiodide C,,H,.N 20 ..(CIL)I, [126^- 
128°]. Light brown needles. 

Methylo-peniiodide C„H,.N..O,.(Cn 3 )I. [109°]* 
Steel-blue pillars. 

p-ALDEHYDO-BENZOIO ACID C,H,0, U. 
Q.H 4 (CI 10 )(C 03 H) [c. 2iG°J. Konued by careful 
oxidation of iercphthaiic aldehyde with chromio 
mixture (Low, A. 231, 365; B. 18,917). Needle* 
(from water). Small needles wlien sublimed. 
M. sol. ether or chloroform, si. sol. liot water. 

Salt.—AgW EihcTe —EtA'. Shows oharao* 
ters of benzoic aldehyde. 

Itcactions. —1. Docs not reduce ammoniaca) 
AgNOj. Its ethyl ether, however, reduces am- 
moniacal AgNOj.—2. Does not give Perkin’* 
reaction with NaOAo and Ac.^.—3. With ZnCl, 
and alcoholic NPliMoj it forms the zinc carbozy- 
late of leuco-malachite green, [147®]. 

Phenyl hydrazide [226°]. 

\i‘AldchydO’nitro-henzoic acid 

(2) (1) (4) 

CJIa(N 02 )(CH 0 )C 03 H. Nilro-terephthaliC’aldc- 
hydcnicid [i(j0^]. Largcfour-sidedxji'isms. Easily 
soluble in alcohol and ether, sparingly in chloro¬ 
form. Pormed by nitration of p-uldchydo-bon- 
zoic acid. 

With acetone it givo.s the indigo-reaction 
(Linv, B. 18. 918). 

ALDEHYDO-CINNAMIC ACID v, Cj.nnamic 

Acin. 

ALDEHYDO-NAPHTHOL v. Oxy-nafiixhoio 

ALDKUYDK. 

ALDEHYDO-OXY ACIDS. Got by heating 
av'Hiiatic oxy acids with chlo oform aiidaixueou* 
NiiOlI (Tiemanii a. Bcimor, B. 9, 1268). 
C,}I,(OXa)CO,.Na -t- 3XaOIl -i- CdlClj = 

C,H,(COH) (OXa)CO,Xa + 3Na.Cl + 2H,0. 

Tlic C()H takes cither o or p poi^itioii toward* 
the hvdroxvl. 

ALDEHYDO-OXY-BENZOIC ACIDS C8H«04. 

7 n-AIdohydo- 8 alicylio acid 
C,IJ,(()H)(ClIO)(CO..H)[l:4:2j. [219°]. S.-7 at 
100 -'; dm at 25°. 

rrcptiralion.—SaVmyVio acid^4 pts.), NaOH 
(25 pts.), water (50 pts.^ and chloroform (15 pts.), 
are boiled for some hours, the product dissolved 
in water, and acidified with HCl. A y^low 
X>p* is formed and is extracted with ether. The 
ethereal solution is shaken with agueou* 
NallSOa; this solution, wlibii boiled with dilute 
H 2 SO 4 , deposits a crystalline pp. consisting of the 
(1, 2, 0) acid; the fl, 4, 2) acid remaining in the 
solution, from wliicnit may be extracted by other 
(Xiemann a. Beimer, B. 9, 1268; 10, 1563).* 

Projricrfics.—Long delicate yellowish needle*. 
V. sol. ether or hot lUcohol, v. ri. sol. chloroform. 



Kelion on tlie akIiL affected tbe oolonr of man^ 
planted and reaotea with acids with cfferresoence 
and the production of new sabstances wherein 
neither toe properUesV)! the acids nor those of 
the alkalis were promisqpt. Van Helmont and 
his successors recognised two kinds of alkali, 
fixed and volatile; Duhamel, in 1750, divided 
fixed alkali into two classes, vegetable (potash), 
and mineral alkali (sSda). sLittle or nothing was 
known regarding the composition of alkali until 
. the year 1755, when Black (on the occasion of 
graduating as M.D. at Edinburgh) published his 
dissertation on 'Magnesia Alba, Quicklime, and 
other Alkaline Substances.’ Magnesia alba 
dissolved in acids with effervescence; but after 
being strongly heated no effervescence attended 
the solution of this alkali. The notion of Basil 
Valentine (end of 15th and beginning of IGth 
century), that lime when burnt combined with 
* matter of fire,* had been accepted by many as 
an explanation of the difference in the behaviour 
towards acids of burnt and unbumt lime. If 
this explanation applied to magnesia it should be 
possible perhaps to get hold of this ' matter of 
fire,’ which combined with the viagnesia alba 
when that body was heated. But Black found 
that agiven mass oUnagnesiaalba weighed more 
than the calcined magnesia obtained from it. 
Hence something was lost instead of gained 
during the process of heating. This something 
proved on further quantitative examination to bo 
a gas different from common air; to it Black 
gave the name of fixed air. The effervescence 
or non-effervescenco of alkalis with acids was 
proved by Black to accompany the presence or 
absence of fixed air (carbonic acid). From this 
time a distinction was clearly drawn between 
alkalis, which dissolved in acids without effer« 
vescence, and carbonated alkalis, the solution 
of which in acids was accompanied by the escape 
of carbonic acid gas. It was recognised that 
whether a caustic or a carbonated alkali were 
dissolved in an acid, the body which remained 
in solution, and which had no close resemblance 
either to the acid or the alkali, was one and the 
same. 

The properties of the alkalis were supposed 
by the older chemists to be due to a ‘principle of 
alkalinity,’ or sometimes to a ‘ principh*. of salt- 
ness,’ which latter principle was common to 
acids, alkalis, and the products of their mutual 
action, i.e. salts. Closely allied to, and some¬ 
times regarded as identical with, the alkalis, was 
the group of earths. These bodies were known 
to neutralise acids and affect colouring matters 
like alkalis, but they w'ere much less soluble in 
water than the alkalis. It was taught by some i 
chemivSts that an alkali is hidden in every earth, I 
and by others tlllrt an alkali is an earth refined 
by the presence of acid anc^combustible matter. 
Black’sexactquantitativeinvcstigatious tended to 
disparage all such explanations as these; but it 
yet remained to find the precise composition of 
the slk|lis and the earths. Lavoisier thought 
that these bodies must be compounds ; but, as he 
had no means of proving tliis, he classed them 
with the elements, while suggesting that the 
Barths were probably compounds of oxygen with 
mknofm metals. In 1807 Davy decomposed 
iwo alkalis, potash and soda, by passing an 
kl^tric current through these substanceB when 


molten; and a year later succeeded, by the 
same agency, in separating the earthy bodiee 
lime, baryta, and strontia, mto^ oxygen and, in 
feach case, a metal. ' 

The name alkali is now generally applied to 
thyompdunds of hydrogen and oxygen with on^ 
or other of the five metals, lithium, sodium^ 
potassium, rubidium, cffisium (v.Alkaus, Metals 
OP the) ; an aqueous solution of ammonia is 
also regarded as containing an alkali, viz. a com¬ 
pound of hydrogen and oxygen with the radicle 
ammonium (u. Ammonium compounds). The 
alkalis are classed with the hydroxides, i.e. com¬ 
pounds of hydrogen and oxygen with a third 
element, rather than with the hydrates, t.s* 
compounds of water with an oxide or a salt (u. 
Hydrates). The general formula of the alkalia 
is written MOH rather than MjCH^O; M » Li» 
Na, K, Cs, Kb, or NH*. The alkalis are very 
soluble in water; these solutions neutralise acids 
forming salts, and also precipitate most of tha 
heavy metals from their solutions in the form 
' of oxides or hydrated oxides; aqueous solutions 
of the alkalis act corrosively on animal and 
vegetable substances, and also alter the tint of 
many colouring matters. When moist, the 
alkalis, with the exception of ammonia, readily 
combine with carbonic acid to form carbonates. 
Lithia is much less soluble in water than the 
other alkalis. The solid alkalis are not de¬ 
composed by the action of heat alone. 

. M. M.P. M. 

ALKALI-BLUE v. PnBNYL-llOSANILINB SUX/- 
PHOKATE op SODA. 

ALKALIMETRY.—The estimation of alkalia 
by volumetric methods, v. Analysis. 

ALKALINE EARTHS, METALS OF THE. 
—Calcium, Strontium, Bariu.m.— Certain sub¬ 
stances, more or less alkaline in their propertie.",' 
but differing from aliali chiefly in being in¬ 
soluble in water, were known from early times; 
these substances were called earths. After a 
time some of the earths were found to dissolve 
in water, althou^^ to a less extent than alkalis; 
tliese comparatively soluble earths were se- 
]}arated from the others and classed together as 
, tlio alkaline earths. The best known alkaline 
■ earth is lime; this substance was long con¬ 
sidered identical with baryta and strontia, but 
I in 1774 Scheelo proved that baryta was different 
from lime, and in 1792 Hope distinguished 
strontia from the two other alkaline earths. 
After decomposing the alkalis potash and soda^ 
Davy applied the agency of electricity to the 
I three substances just named, and in 1808 he 
I succeeded in separating each into oxygon and a 
metal. Davy made his experiments quantita¬ 
tive; bo also syntliesised the three alkaline 
earths from oxygen an(P the metals he had 
himself discovered; thus ho proved tlio alkaline 
earths to be metallic oxides. The metals cal¬ 
cium, bariifin, and strontium were not obtained 
in a slate of approximate purity until 1856. 
The metal magnesium is sometimes classed 
with calcium, barium, and strontium; but, on 
the whole, it seems better to place magnesium 
with zinc and cadmium (u. p. 114, also Maqni- 
siUM Group op Metals). ^ 

Som% of the principal data regarding th€' 
metals of the alkaline earths are presented in 
the fallowing tables. 




Oixcnni Btsontiok | ttarm 


Aiomic.vieights . .1 89-9 • 87’8 136-86 

_ Ko oompounds gasified. Combining jseights determined; and most probable formula of 
oxides and chlorides deduced from conSdering analogies with other oxides, &<>. Moleonlar 
weights unknown. 


Melting points 
(data uncertain) 
SpKiflc gravities 
(approximate) 
Specific heats 
Atomic weight 
Spec, grav. 


high red-heat 

moderate red-heat * 

above strontium 

above barium 

1-58 

2-5 

0-17 

not determined 

25-3 

34-9 


• below red-heat 
«-7« 

not determined 
86-6 


neats of formation in aqueous solutions (Thomson). 
(1) 01 haloid salts: 


(M,01’,Aq] . . . 

187,600 

195,700 

196,800 

rM,Br.’,A5 . , 

165,800 ■ 

173,800 

174,900 

(M.P.Aq] . . . 

135,000 

143,400 

144,600 


(2) Of oxides: 


[M,0,Aq] ... 1 

149,260 

1 167,780 1 

168,760 


(3) Of hydroxides: 


(M.O»,H>,Aq] . . 1 

917,620 1 

1 226,140 1 

227,120 


Beats of hydration (Thomsen). 
(1) Of haloid salts; 


91,750 

18,640 

IBa01*,2H*O) 



7,000 

26,600 

23,330 

lBaBr=.2ff01 



9,110 


Ek01>,6H*0] . 
[MBr*,6H*0]^ 


(2) Of oxides: 

?I0.H,0] . . 1 16.540 I 17,700 | 

Beats of neutralisation of oxides in solution (Thomsen): 
■MOAg.ffSO'Aij] . . 81,160 31,160 

MOAq,H“01^Aq] i 
MOAq,H-^iWAq] f ' 


ValleaWity, co- Very ductile, but when tluctilo and malle- Somewhat ductile ; 
four, &o. hammered becomes brit- able; colour re- gold-yellow oolour. 

tie; whitish - yellow; sembles calcium 
' ' hardness about same as but clearer; harder 

lead. than lead. 


Wave-lengths of Ca* (yellow) 6688. 
.mostcharacteris- H (violet) 3969. 

UcKnesinspectra. K ( do. ) 3933-8. 

Chemical proper- Quickly oxidises in moist 
ties, air; decomposes cold 

water rapidly; heated 
to redness in air, burns 
• without smoke; readily 
combines with Cl, Br, I, 
F, and S, at high tem- 
peratnres. ’ 


Oeeurrenee and 
preparation. 


Very widely diffused in 
rocks, waters, plants.and 
animals, as carbonate, 
sulphate; phosphate.and 
silicate; prepared by 
electrolysis ofi mixture 
OaCls,St01„nndNH.Cl. 


Sr« (blue) 4604 


Closely resembles 
calcium; decom¬ 
poses water more 
rapidly. 


Not very widely dif. 
fused; occurs as 
carbonate and sul¬ 
phate inrocks, and 
waters; prepared 
by electrolysis of 
fused SrCl,. 


Ba, (yellow) 6688, 


Besembles ealoiam; 
bums when heated la. 
0-H fiame. 


> occurs as carbonate, 
sulphate, and sili- 
oate, in rocks, waters, 
and certain plants: 
prepared byelaotro- 
"s of BnCL mixed 
’H.01. 


Voth 1. 


T 






<^nt ^ many i molten j and a 


decreuMWi 


Ot/MToX FomuXa and Character 0 / Sdlte^ 

MO. MO,. MO.jH„ «S. MS,H„ MX,(X«C!, 

Br, l, F, ON), MSO^, M2NOj, MCO,» Sea., where 
Mse Oa, St, or Ba. MO/decomposed by heat. 

Salts tor the most part white; no great tendency 
to form double salts; polysulphidcs known, 

SrS.6Hj{0 and BaS^If^O, definite crystals. 

Oxiaes and hydroxides markedly basic; latter, 
except that of Ba, decomposed by heat alone 
into oxides and water; almost all similar salts 
isomorphous; many salts isomorphoua with cor¬ 
responding compounds of Mg, e,g. carbonates; 
most, with corresponding compounds of lead; 

MO and MOaH. not very soluble in water, solu¬ 
bility increases as atomic weight of metal in¬ 
creases ; MCly and MBr^ easily soluble, solubi¬ 
lity decreases as atomic weiglitof metal increases; 

CaSO^ very slightly soluble (S. *272 at 38’), 

SrSO, nearly insoluble (S. *01 at 100’), BaSO, in¬ 
soluble. CaCOs slightly soluble (S. 1*13 at 100°), 

SrCO, and BaCO, nearly insoluble. Nitrates all 
aolnble, solubility decreases as atomic weight of 
metal increases; Ca 2 N 03 S. 93*1 at 0°, Sr 2 N 03 
S, 64*9 at 10°. Ba 2 N 03 S. 7 at 10°. 

These data show that the metals of the alka-, , „ , 

line earths differ from the alkali metals (com- the alkaline earth metals and the 

...... _ ... ^ ' .........no:..... U.. 


id meto!« 

increase. The data ue ftom Thj^aen: 

Magnesium is scarcely oxidised in ordinary 
air; it does not decompose cold water; nor does 
it oqpabine so readily with the halogens as the 
metals of the alkaline earths do. The spectrum 
of magnesium, as produced in the electric arc, is 
marked by a series of triplets alternately sharply 
marked and diffuse, and diminishing in bright- 
! ness towards the more refrangible aide; the 
! spectra of barium and strontium show no trip¬ 
lets, but a series of lines only; the spectrum of 
calcium is marked both by lines, perhaps homo¬ 
logous with those of barium and strontium, and 
also by well-marked triplets (Livcing and Dewar), 
Magnesium sulphate is very soluble in water; 
tliis salt, and also the carbonate and chloridei 
readily combines with salts of the alkali metals 
to form double compounds. Magnesium oxide 
is scarcely if at all soluble in w’ater; the forma¬ 
tion of the hydroxide by the action of water 
on the oxide is attended with the production of 
very little heat: [MgO, H'O] = (approx.) 3,000 
(Thomsen). 

The mutual relations of the two groups 0 ! 


pare data for latter on p. 115); the former are 
not so readily oxidised as the latter; the heats 
of formation of the oxides of the alkaline cartli 
metals are smaller than those of the alkalimetals; 
the hydroxides of the alkali metals cannot, but 
the hydroxides of the alkaline earth metals ex¬ 
cept that of Ba can. be separated into oxides and 
water by the action of heat alone. The alkali 
metals are specifically lighter than those of iho 


magnesium metals—are suggested by the posi¬ 
tion they occupy in the classification based on 
the i)erifxlic law {g, v .; v. also CLASsincATioN), 
Both belong to Group II.; but Ca, Sr, and Ba 
occur, along with Be, in even series, and Mg, Zn, 
and Cd, along with Hg, in odd series, of that group* 
The metal beryllium exhibits analogies both with 
the alkaline earth, and with the magnesium, 
metals; it is one of those elements called ‘ iypi- 


alkaline earths; the composition of tho oxides ; hy Mcndel6eff (v.Bkuyllicm). Fur accounts 
and chlorides of the former is represented by 1 metals of tho alkaline earths and their, 

formulie containing two atoms of metal to one I binary compounds r. the articles Bm*um. Calcium, 
of oxygen or two of chlorine, while that of the ! bTimsTiuM; and for the other salts of the 
corresponding salts of the latter is reprerented j CAimnNATEW, Nitu.m'es, Kulviiates, <fro, 

by formuifc containing one atom of metal to one 

of oxygen or two of chlorine. The salts of the I „ ALKALIS, MET^S OF THE. (LiTniCK, 
alkali metals, as a class, are much more soluble ! SomuM, 1 otassi^m, RuniDiuM, C-ekium.)— The 
in water than those of tbc alkaline earth metals; j name alkali has been briefly 

the hydroxide, carbonate, and phosphate of J in the article under that lieading. The 

lithium are, however, considerably less soluble j potash and soda were decomposed by 

than the corresponding salts of the other alkali i ♦ htliia (discovered by Arfvedson 

metals (r. Alkalis, Mi-;tai.s ok inn, p. lir>). Al- , decomposed by the same chemist 

though magnesium forms the oxide MgO, tho ' and rubidia were discovered 


by Bunsen and Kirchoff in 1860-fil, rubidium 
being obtained in tlie same year by Bunsen, by 
electrolysing tlio chloride; approximately pure 
ocsium was not pre])arod until 1882, in woioli 
year Settorberg obtained the metal by electro¬ 
lysing the double cyanide of cjcsium and barium, 
tions, (1) of tho haloid salts of Ca, Hr; and Ba, (2) I T''® imiiortant proportina of these metals 
Ol Mg, Zn, and«d, indicate the existence of two I ®* Inei^r principal salts are prescnlod in th. 
groups, in tho first of which (Ca, Sr, Ba) the i o" in® n®*i png® <*nd page 116. 


chloride MgCi.,, and the sulphate MgSO,, salts 
analogonsin eoinposition totlio oxides,chlorides, 
and sulphates of the metals of the alkaline earths, 
nevertheless this metal is clearly cut oft from 
these by the following, among other, character¬ 
istics. The heats of formation, in aijueous solu- 


value of tho reaction increJses, and in the second 
ol wluoh (Mg, Zn, Cd) the value of the reaction 


lA 

CM.Ol%Aq] 

tM.Bt*,Aq3 

[M, 1% Aq] 

Ca • « a 

187,600 

165,800 

135,300 

Sr. ■ , 

19.7,700 

173,800 

143,400 

Ba. . . 

196,300 

174,400 

144,000 

Mg* . . 

186,900 

165,000 

134,600 

Zn. . , 

112,800 

90,900 

60,500 

Od. . . 

96,300 

74,400 

44,000 


Thenrnl values of reaction withwatcr. —When 
an alkali metal reacts with water an alkaline hy¬ 
droxide is lonned and dissolved, and hydrogen 
is evolved; thus:— 

M, + itHjO =. 2MOHAq + (at - 2)H,0 + H,. 

This reaction would be expressed in the notation 
of thermal chemistry thus;— 

[^r^2H=0] - - 2[H> 0] + 

The value of 2[H’,0] is 136,720 gram-nniia 
when H,0 represents 18 grams liquid water | 
when ths'valos ol CM*,0*,a’,A(a eonsitten^ 




' liftow ■ 

__'-g 

. fioiivw 

Fotassiuu 

Bmn^ 

Osanm 

AUmie weights 


7-01 

28 

89'04 

m-2 1 

182-7 


No compounds gasified. Combining heights determined; and most probable formula of 
elides and chlorides dedneed by chemical methods from considering smallest masses of these 
■alts which take part in chemical changes. Molecular weights unknown. • 


J^elting points • 

180° 

95°-6° 

68°-62° 

88° 

28°-27° 

Specific gravities • 

0-59 

0-98 

0-87 

1-62 

1-88 

Bvecific heats , 

Atomic weight 

0-94 

0-29 

017 

not determined 

not determined 

Spec. grav. ’ ’ 

11-9 

23-6 

44-9 

66-1 

70-8 


tM»,Cl’.Aq] 

[M>,Br»,Aq] 

(MWil 


[MSO,Aq] 


Heats of formation, in aqueous solutions (Thomsen). 
(1) of haloid salts; 


. 

204,600 

193,000 

202,300 

• • 

182,600 

171,200 

180,800 

• • . 

162,200 

140,600 

160,000 


(2) Of oxides and hydroxides: 


166,500 

[ 166,300 

164,600 

* * 1 

234,900 

223,600 

232,900 



Heats of neutralisation of oxides in solution (Thomsen): 


[M'OAq,H'SO*Aq] . 

31,150 

31,150 

31,160 



(M'OAq,H-CPAq] , 
[M'OAq,H‘N‘0»Aq] 1 

27,640 

27,640 

27,640 




Biceeds 136,720, we should expect the metal M 
to decompose liquid water. Thomsen has deter¬ 
mined these values:— 

M [M^O^H=,Aq]. 

M-Li, 234,000 

Na^ 223,600 

. K, 232,300 

General formula: arA characters of salts .— 
M,0, (M-A. M,0,), MOH, SI„S, (M.S„ M S,), 
MSB, MX(X = Cl,Br, I,!', CN)', M„S6„MHSO„ 
MNO„ M.CO„ MHCOj, &c., where M'« Li, Na. K, 
Kb, or Cs. No oxides or sujphides of Kb and 
Cs have been prepared in a state of purity. 
LijO is the only oxide, and Li.S the only sul¬ 
phide, of Li known with certainty. NaA and 
K,0, are very stable towards heat, but quickly 
decompose in moist air, giving off oxygen .and 
forming NaOH and KOH. Salts for the must 
part white, and very soluble in water; but 
LiOH is much loss soluble than the other liy- 
droxidcs, and Li^CO, and LijPO, than the other 
carbonates and phosphates— (Li.,CO„ S. '769 
at 13°, S. -778 at 100°; Li,PO„ S. -Ot at 18° [ap- 
rox.].) Chlorides, except LiCl, form many 
ouble salts with chlorides of heavy metals, e.q. 
MjPtCls, SbCljOMCl, (to. Sulphates, except 
Iii-SO„ form alumsf also double salts with 
sulphates of magnesium group. Most salts are 
ieomorphous, but some of the lithium salts 
are not strictly isomorphous with cSrresponding 
salts of the other metals; some compounds of 
silver and thallium are isomorphous with those 
of the alkali metals. All the metals of this 
group arc electropositive towards any other 
elements; their oxides and hydroxides are 
strongly basic. The latter cannot be decom- 
^ed by heat alone into oxides and water. 
Lithium differs from the other members of the 
group in the comparative insolubility in water 
of its hydroxide, oarbonate, and ^osphate, in 


the non-formation of an alum, and in some 
other respects (compare heats of formation of 
analogous salts); this element serves to connect 
the group of the alkali metals with that of the 
metals of the alkaline earths in somewhat the 
same way as the latter group is connected with 
sine and cadmium by the clement magnesium 
(e. Alkaline eakths. Metals or the). The 
metals copper and silver are to some extent 
connected with the alkali metals. Copper forms 
two scries of salts represented by CujO and 
CuO respectively; the former, so far as com, 
position goes, are analogous to the alkali salts, 
They arc, however, much more insoluble in 
water than these, and, with the exception of 
the iodide and cyanide and some double salts, 
are much less stable than the salts formed from 
the oxide CuO. The salts of silver, as a class, 
are much less soluble in water than those of tha 
alkali metals ; their composition is similar— 
,'Vg.jO, AgNOj, Ag.jSO„ Ac.; some of them are 
isomorphous with corresponding sodium salts, 
e.q. AgjSO,. Silver forms an alum, and its 
oxide is markedly basic. 

The alkali metals are placed in Group I., 
according to the classification ot elements based 
on the periodic law, and tlii? group also con¬ 
tains the metals Cu, Ag, and An. Li, E, Cg, 
and Kb belong to even aeries, and Na, On, Ag, 
and Au, to odd series, of Group 1. Ther^can be 
no doubt, however, that sodium is olosMy eon- 
ncctcd with the other alkali metals, and thaf 
the three heavy metabs (Cu, Ag, An)presen( 
only feebly marked analogies to each other, and 
to the metals of the alkalis. In considering the 
classification of elements which tha periodic 
law presents, attention must be paid, nat onl] 
to the group in which any given family ol 
elements occurs, but also to the character oi 
the elementi which precede and those whid 

• a 
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ALKALIS, METALS OF 


(allow ihe given family in the same series ; the 
fioaition of the lamily m the complete scheme 
moat also he oonsidered\v. Febiodio Law). 

In some respects thaliiitm exhibits a marked 
chemical resemblance to the alkali metals; it 
forma an oxide Tl^O and a hydroxide TlOH, 
both of which dissolve in water, producing a 
strongly alkaline and'basii? liquid, marked by 
most of the properties which characterise 
aqueous solutions of soda and potash; it also 


forms salts—TI,00„ T1,S0„ UNO,, 4a.— 
which, as a class, are easily solvhle in water, 
and many of vfhich are isomorphous with the 
corresponding alkali salts. Some of the thallous 
salts^r. however, resemble those of lithium in 
being comparatively insoluble, «.p. TIOI and 
Xi,PO,. Thallium also forms an alum, and a 
double platinum chloride Tl,Pt01„. On the 
other hand, the metal itself differs much from 
the alkali metals; it is heavy, is not very easily 



Lithium 

SOPIUM 

rOTASaiUK 

RuBinicu 

O.flBIUlI 

UdlUdbility, 

Silver-white; easily 

Silver-white; 

White; brit- 

Silver-white; 

Silver-white; 

colour, (fc. 

drawn into wire, 
butless tenacious 
than lead; very 
soft, may be 
welded at or¬ 
dinary tempera¬ 
ture ; not vola¬ 
tile at red heat. 

soft as wax 

tie at 0°, 
malleable 
at 6° or BO, 
pasty at 

16°: can bo 
distilled at 
700°-800°. 

soft as wax 

soft at or- 

at ordinary 
tempera¬ 
ture ; very 
ductile at 
0°; can be 
distilled at 
red heat. 

at -10°. 

dinary tem¬ 
perature. 

Wavt-Unglh) of most 

Li. (red) 6705 

D, (orange) 

(yellow) 6800 

Bb, (red) 

Cs« (blue) 

characteristic 

(blue) 4602 

6895 

7800 

4697 

lines in sjiectra. 

D, (orange) 
6889 

Kfl (violet) 
4044 

Bb, (orange) 
6297 

Cs. (blue) 

4560 

Chemical mover- 

1 

Oxidises in ordi- ^ 

Oxidises ra- 

Oxidises very 

Oxidises in 

Exceedingly 

ties. 

nary air but not i 

pidlv in air: 

rapidly in 

air 80 ra> 

easily oxi- 

1 

80 rapidly or 

decomposes 1 

air; decom- 

pidly that 

dised. Pro- 


completely as 

water ra- 

poses water 

usually 

perties not 


other metals of 

pidly; com- 

rapi dly; 

takes fire; 

yet exactly 


Uie group; de* 
composes cold 

bines very 

combine s 

decomposes 

studied. 


energetic- 

with halo- 

water most 

Most elec- 


water rapidly but 

ally with ha- 

gens and 

rapidly; 

tropositivo 


without itself 
melting; ignites 
at temperature 
much above its 
melting - point; 
readily combines 
with halogens 
and sulphur. 

logons and 
sulphur, de- 
composes 
many ha¬ 
loid salts at 
high tem¬ 
peratures. 

sulphur. 

r 

burns bril¬ 
liantly in 
vapours of 
halogens, 
sulphur, 
and arsenic. 

of all ele¬ 
ments. 

Oeettrrsnee and 

Widely diffused in 

Inlargequan-' 

Inlargequan- 

Very widely 

As silicate in 

pr^aration. 

rocks, waters. 

titles as 

titles as ni- 

diffused, but 

a rare min- 

plants, and some 

chloride, si- 

trate, sill- 

in very 

cral. Inmi- 


animal secro- 

licate, duo- 

Cate, sul¬ 
phate Ac.; 

small quan- 

nute quan- 


tions; occurs as 
eilicateandphos- 

ride, nitrate. 

tities; in 

tities in 


&c., pre¬ 
pared by de- 
oxidi si ng 
NajCOj by 
hot carbon. 

prepared as 

most Knnd 

many rocks 


phatewith other 
alkali metals; 
prepared by elec¬ 
trolysis of mix¬ 
ture of LiCl and 
NH.Cl. 

Na. 

Naminerals; 
in waters: 
no special 
Bb mineral 
known; pre- 
pare((^ as 
Na and E 

and waters; 
prepared by 
electrolysis 
of doublecy- 
anide of Cs 
and Bansing 
A1 poles. 


oxidised, does not decompose water except at 
,a red heat, and is much more electro-negative 
,.tbu the alkali metals. Thallium forms an 
oxide, T{,0|, from which a series of salts— 
TIABO,, TlOl,, &c.—is ‘obtained ; these salts 
exhibit analogies with those of the earth metals. 
The beats of formation of thallous oxide, hy¬ 
droxide, and chloride, ace much smaller than 
those <K the alkali salts; Thomsen gives these 
numbers: [Tl»,0,Aq]-.39,200: [Tl>,O^H»,Aq]- 
107,600: [Tl*,Cl',Aq] - 76,900 {v. Eabtbs, Meiam 
nr un, and Tba£liu]i). 


An aqueous solution of ammonia is strongly 
alkaline; when neutralised by acids salts are 
obtained which, as a class, closely resemble those 
of the alkali metals, with which they are, for the 
most part, isomorphous. These salts are con* 
sidered to be compounds of the radicle am¬ 
monium (NH,) with acid radicles; the general 
formulee given (or salts of the alkqji metals 
apply to fae ammonium salts if M be taken to 
represent NH,. This radicle ammonium re¬ 
places the elements Li, Na,.K, Bb, or Os, ia 
most oompo^ds without altering the erystalline 
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iotm, and withoat ohanging the oheouoal t^, 
of these compounds.' The salts of ammonium 
are, therefore,'Classed with those of the aUcali 
metals. (For more details regarding the consti¬ 
tution of these salts, and lor an account of their 
properties, see AHuoNinu Compounds.) Fo* ac¬ 
counts of the individual alkali metals and their 
binary compounds, see the articles Cscsidm, 
Lithium, Potassium, Eubidium, and Sodium ; and 
for the other salts of these metals see Cak- 
BONATKS, Nitrates, Sulphates, <tc. 

M. M. P. M. 

ALKALIS, Action on Organic Compounds. 
I)be tendency of alkalis is to form sails. Thus 
they react with acids and other hydroiylio com¬ 
pounds by displacing the hydrogen by potas¬ 
sium or sodium (p. 53). Neutral substances are 
frequently saponified by alkalis, i.e. turned 
into salts. Saponification means soap-making; 
in the narrowest sense it means boiling a fat 
with potash or soda: C,!!jfOC.jHjjO), + 3KOH = 
C,Hj(0H)j + 3 K 0 C|,Hj 50 . In a broader sense 
it means the splitting up of any compound 
ether into its alcohol and its acid, whether by 
means of an alkali, an aeid, or by water alone. 
In the broadest sense it means the conversion 
of a neutral substance into an acid or the salt 
of an acid. Alkalis saponify compound ethers, 
nitriles, amides, and amic acids. In the case 
of nitriles the reaction takes place as follows: 
E,CN + KOH -f HP = E.CO-K -s NH,. Alkalis 

act upon chlorinated or brominated substances 
with production of haloid salts: the reaction 
is either one of substitution; CHjCl + KOH = 
CHj.OH KCl: or else IICl or HEr is abstracted; 
CH,Br.CHd5r + KOH =■ CH,:CHBr + KBr -H H.p. 
The latter e(|uation represents the action of 
alcoholic K^H on chlorinated or brominated 
hydrocarbons. Hydrogen and halogen are 
always taken from contiguous carbon atoms. 
Alcoholic potash sometimes displaces halogen 
atoms by cthosyl: CILCl.CO.K + KOH -s EtOH =■ 
CH.(OEt).CO.,K I KCl + HjO. 7 -Chloro-acids are 
converted by neutralisation Vith potash into 
lactones (q. v.). When the halogen is in place 
of hydrogen in the benzene nucleus, it cannot 
be turned out by aqueous potash unless a nitro- 
group is also present. Thus chloro-benzene is 
not affected by potash, while 0 - and p- chloro- 
nitro-lienzenes are converted into nitro-phcnols. 

When phenol is boiled with chloroform and 
NaOHAq, oxy-benzoic aldehyde results (Tiemann 
a.Eeimer’sroaction): C,HjONa + 3NaOII + CHCli 
..CJI,(ONn)COH-e3NaCl + 2n.p (B. 9, 824). 

By the same method the group CHO can be 
introduced into many derivatives of phenol 
(p. 109). 

If tetrachloride oFcarbon be used instead of 
chloroform, carboxyl enters the phenol, forming 
a carboxylic acid: C,H,,ONa + 5NaOH4.CCl.= 
C,H,(ONa).CO..Na + 4NaCl + 3HjO. • Alcoholic 
potash sometimes acts as a reducing agent 
(p. 99,1. 42). 

Potash-fusion (or soda fusion). 

1. Converts aromatic sulphonates into phenols: 

C A-SO,K KOH - C.H,OII + K,SO,. 

3. Displjces halogens by hydroxyl: 

0^,C1.C0.^ + KOH - C^,(OH).CO?K + KCh 
However, owing to the high temperature re¬ 
quired, a subsequent migration of^he hydroxyl 
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sometimes takes place. Thus when any halogen 
benzene sulphonate or halogen phenol is fused 
with potash at 23S°-270^ resorcin is produced. 

8. Converts carboxylatdl into hydrocarbons: 
CH,.CO,K + HOK - OB, + CO,K,. Soda -lime, 
lime, or baryta may also be used for this purpose. 

4. Converts the higher fatty aldehydes and 
aromatic aldehydes into alcohol and salt of the 
acid: 2Ph.CHO + k5h =Th.CO,K + Ph.C^OH. 
In other cases also, potash acts by oxidising 
one portion of the substance and reducing 
another. Thus glycerin distilled with potash 
gives (a) by reduction, propylene glycol, (i) by 
oxidation, potassio acetate and formate. Simi¬ 
larly anthraqninone sulphonate ^ves (a) by 
reduction, anthracene, (fi) by oxidation, alizarin. 

5. Splits up unsatnrated acids at the point of 
non-saturation into two salts: 

CH,.CH:CH.CO,H + 2 KOH = 2CHr CO,K + 

6. Kesing usually give p oxy-benzoate proto- 

catcchuate, and phloroglucin. ^ 

alkaloids.—T he term alkaloid was first 
applied to any organic base, It is now usually 
restricted to organic bases that are of vegetable 
origin and produce marked toxicological effects. 
Thus such bodies as ethylamine, aspara^ne, and 
leucine, arc not usually classed as alkaloids. All 
the alkaloids contain nitrogen, and all except 
coniine, nicotine, and sparteine contain oxygen. 
These three alkaloids are volatile, the others are 
fixed. The vegetable alkaloids are ammonia-, not 
ammonium-, bases, that is, they combine with 
HCl without elimination of H,0. The following 
alkaloids have been described; 

From Achillea Moschata: achilleine, mos- 
chatine. 

From Aconitum Napellus, ferox, <fc.: aco- 
nitine, picro-aconitine, pseudo-aconitine, japa. 
conitine, lycaconitinc, myoctonine. 

From j^thusa Cynapium : cynaplne. 

From Agaricus : agarythrine. 

From Alstonia comtricta : alstoninc, pot- 
phyrine, alstonidine, nlstonieine. 

From Arariba rubra : aribino. 

From Artemisia abrotanum: arbrotina. 

From Aspidosperma: aspidospermine, aspi- 
dospermatine, aspidosaminc, hypoquebrachine, 
quebrachine, quebrachamine, paytine, payta- 
mine. 

From Angustura bark: cusparine, gasipeSne. 

From Atherospenna : atherospermine. 

From Atropa: atropine, hyoscyamine, hy- 
oscine, bclladonine. 

From Baccharis : baccharine. 

From Baptisia iincioria : unnamed. 

From Bebecru: beberine. 

From Berberis : borberine, oxyacanthine, 
hydrastine. ^ 

From Buxus: buxine, buxidine. 

From Calabaf beans: physostigmina or 
eserine. 

From Capsicum: capsicine. 

From Cannabis Mica: an unnamed alkaloid 
(M.Hay,PA. [3) 13,998). 

From Chelidonium : chelerythrine, ohoU- 
donine. 

From Cinchona: quinine, cinchonine, eon- 
quinine, quinicine, homoquinine, hydroquinidine, 
cinchonidine, aricine, ousconine, cu^nidine, 
cineboUne, cusoamine, euscamidine, quinamine, 
cinchamidine, oinchotine, hydrocinchonina, eon- 
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qai ftMijny , hy4rQqo]idB«i dioi^oaiiM, iioos- 
qqbiiae, jkTanlne, paridne. 

From Coca eocalne, ecgooine, by- 

gnne. ’ 

From Cocoa beans : tbaabromine. 

From Coffee berries : cafteiue. 

From Colchicum: eolebioine. 

From Conessi bark : conessina. 

From Conium ; oofiline/ 

From Corydalis : corydaline. 

From Grossoptera : crossopterine. 

From Curare : curnrine. 

From Cytisus: cytisine. 

From Delphinium; delphinine, delphinoid¬ 
ine, delphisine, staphisegrine. 

From Vila bark: ditomine or ditaine, echita¬ 
mine, eebitenine. 

From Duboisia : duboisine or bydrocyamine. 
From Ergot : ergotine. 

From Erythrophleum; erythrophleine. 

From Esenbeckia: esenbeckine. 

From Fraxinus americana; an uimamcd 
alkaloid (F. B. Power, Ph. p] 12,812). 

From Fumaria : fumarine. 

From Oelsenium; gelscnine. 

From Geselmium; gcselmine. 

From Olaucium ; glaucinc, glaucopicrine. 
From Barmala; harmalinc, harmine. 

From Humulus lupulus {Hops): lupuline 
(bopcine), neurine. 

From Hymcnodictyon: an unnamed alkaloid. 
From Ipecacuanha : emetine. 

From Isopyrum : isopyrinc, pseudo-isopyrine. 
From Lobelia ; lobeline. 

From Lotur bark; loturine, collotutine, 
loturidine. 

From Loxoplerygium; loaopterygine. 

From Lupinus : lupinine, lupinidine. 

From Lycopodium; lycopodine. 

From Macleya; mackleyine, sanguinarine. 
From ilenispennum: tnenispermine. 

From Mustard : sinapine. 

From Nicotiana tabacum; nicotine. 

From Fym]iha:a alba; an minamed alkaloid 
(Orfining, D. 10, 909). 

From Oleander ; olcandrine. 

From Opium; morjdiinc, codeine, thebaine, 
papaverine, narcotinc, narceine, hydrocolarnine, 
paeudomon’hinc, codamine, laudaminc, laudano- 
eine, meconidine, lanthopinc, jirotopine, crypto¬ 
pine, crytopinc, oxynarcotinc. 

From Papaver rhecas; rhocadino. 

From Papaver somniferum : v. OriuM. 

From Pennitis; boldine. 

From Piiier nigrum {Pepper) ; piperine. 
From Pereira bark: geissosperniine, porcirine. 
From Pilocarpus leaves; pilocarpine, jabo- 
jbte, pilocarpidinf. 

. From Pomegranaie bark : pclletierine. 

From Peppy : rha'adine. r Opium Poppy v. 
Opium. 

Ftogi liaiany root : ratanhine. 

From liicinus (castor-oil plant): ricinine. 
Vxcmjialamanlra; samandrine. 

From Saphora; saphoriue. 

From Siruipis ; sinapine. 

From Spartium : epartcine. 

From Strophantus; strophantine. 

Ftoiti Stryr.hnos; strychnine, brucine. 

From Thalictrum; thalictrine. 

From Faxus: taxine. 


From ^ Icowt: oaflelne. 

From Tobacco ; nicotine. - 

From Trigomettat trigomellisfl; nentine. 

From Teratrum; veratrine, veratridine, oeva. 
dine, cevadilline, jervine, mbijervine, pieudo^ 
jervine, veratralbine. 

From Vetch; vioine. 

Formation of alkaloids in plants. Most ol 
the above alkaloids are pyridine derivatives. 
They are probably produced by the action of 
ammonia or amido compounds upon non-nitro. 
genous bodies, Pcchmann a. Welsh (B. 17,2384) 
consider that the non-nitrogenous bodies are such 
acids as meconic, chclidonic, and cumalic, which 
arc probably furiurane derivatives. These three 
acids are converted by ammonia into oxypyridine 
carboxylic acids. Cumalic acid is formed arti¬ 
ficially from malic acid by action of cone. H-jBC,; 
and it is probable that the two other acids are 
also formed by condensation of simpler acids. 

V. Meyer has suggested that hydroxylamine 
by acting upon aldehydes may also play some 
part in the production of the nitrogenous con¬ 
stituents of plants. 

Extraction; Tho tissue is extracted with 
dilute acid and the extract ppd. by anunonia, 
potash, soda, lime, or magnesia. Volatile alka¬ 
loids are then distilled, fixed alkaloids are 
crystallised from a suitable solvent. The ex¬ 
traction of alkaloids from animal matter, as in 
cases of poisoning, is described in the next 
article. 

Beactions.— 1. Sodic phoepihomolybdate added 
to solutions acidified with nitric acid gives, in 
the cold, a yellowish-white flocculent pp. Ani¬ 
line, tho alkylamines, and quinoliuo, as well as 
silver, mercurous, and lead, salts are also ppd, 
by this reagent (Honnenscliein, A. 101, 45), To 
recover the alkaloid, the pp. is 'boiled with 
baryta, when volatile alkaloids distil over. The 
residue is saturated with CO.;, evaporated to dry¬ 
ness and extracted with alcohol. Honneusebein’s 
reagent is prepared by dissolving yellow am¬ 
nionic nitro-molybiate in NajCOjAq, drying and 
strongly heating; if reduction of molybdio acid 
take place, the product is moistened with UNO, 
and again heated. It is then heated with water, 
nitric acid is added, and the liquid diluted until 
10 parts of the solution contain 1 part of solid 
residue. 

2. Phospliotungstic acid may bo used instead 
of pliospho-niolybdic acid (Kchcibler, Fr. 12,316; 
J. 1800, 157). The reagent, which is a mixture 
of sodic tungstate and phosphoric acid, is added 
to solutions acidified with U.SO,. Phospho- 
aniimonic acid got by dropping antimonio 
chloride into aqueous phosphoric acid, precipi¬ 
tates morphine, narcutinc„^nd nicotine, but not 
atropine (F. Scliulze, A. 109, 177). 

3. Potassio-mercuric ioiiide jiroduccs fiooctt- 
Icnt yellowish-white pps., insoluble in acids and 
in dilute alkalis, slightly soluble in excess ol 
the reagent, easily soluble in alcohol, and gene¬ 
rally also in other (F. Mayer, J. 1803, 708; A. 
133, 230; l)e Vrij, J. 18G7, 002). Theobromine, 
caffeine, glucosides, carbohydrates, and organie 
acids give no pp. with Mayer's solution. Albu¬ 
minous and gelatinous substances, in^rresenee 
of free ocifl (but not in alkaline solutions) give 
sticky pps. (Valser, Fr. 2, 79). To separate 
alkaloid Iroij^ the pp., the latter is trjtoratbd 
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vitb SnOl, and of aqtteoay JCOH; ibis Bolations of aUudddi fbfziM oompounda oontaii^ 
reduces the mercury to the metaUio state, and ing sulphor (Palm, J. 1868^48^; ErSchmidt, B. 
the base is then'eatraoted by its proper solvent. 8,1267)^ - 

Mayer’s solution contains 18*5 g. mercurio 10. The absorption-sfeetra of various alka- 
ehloride and 49*8 g. potassic iodide ]per litre. loids have been mapp#i by A. Meyer (P. [8] 18, 

4. Potassio-bismutJums iodide is prepared 413). 
by dissolving Bi( 0 H) 2 N 05 (80 g.) in UNO, 17. A solution of iodine monochloride in Hd 
(^0 0 . 0 . of S.G. 1*16) and adding a cone, sola- added to a solution of an alkaloid in HCl gives a 
tion of KI (272 g.). The solution is cooled until pp., usually yellow i./!d spfringly soluble (Tilden, 
KNO, crystallises, ond the mother liquor is then C. J. 21, 145; L'ittmar, B. 18, 1C12; Ostcr- 
diluted to alitre(Dragendorl!,Pr.5,40C; Kraut, mayor, B. 18,2298). According to Dittmar, if 
A, 210, 310). The solution is added to the the alkaloid contain one pyridine ring, the pp. 
alkaloid dissolved in dilute H„SO, or HI. is of the form XICl; if it contain two pyridine 
Double iodides of the alkaloid and of bismuth are groups it is of the form YX .Cl.« However, NEt^Cl, 
ppd. The alkaloid can bo recovered by dccom- ; NKt.,HCl, caiTeiue hydrochloride, and pyrrol, all 
posing these double iodides with aqueous NaOH, ' giv(5 pps. though they contain no pyridine ring, 
and extracting with a proper solvent. while i^-oxy-qvhnollnes, and tetra-hydroquinoline 

6. PotassiO'Cadfnic iodide forms white give no such pps. The pps. may also be got by 
flocculent pps. when added to solutions of using a mixturo of KI, KNO., and HCl, instead 
alkaloids acidulated with H^SO^. The pps. soon of ICl. The cbloro-iodidos are converted by 
become crystalline; tlicy are soluble in alcohol, exccssofchIorineiutounstiiblecompoundsXICl|* 
insoluble in ether. They dissolve in excess of Ammonia converts the chlorododides into iodo* 
the reagent. The alkaloid can be recovered by amides, XINXL; these are dark-green or dark- 
treatment with NaOHAq and a solvent (Marnu';, ^ red unstable bodies, insoluble in water, but 
Bl. [2] 0, 203). j converted back into tlio chloro-iodides by HCl, 

6. Potassio-plotlnic iodide and potasslo^auric ' and decomposed by boiling with alcohol accord- 
iodide also pp. alkaloids (Sclmi, G. 5, 255). i ing to the equation : 

Those solutions arc prepared by adding KI to I CXlNII.-SX + SXL + INHj + Nj. ' 

solutions of rtCl| or AuCl, until the pp. first I These iodo-amidcs are also produced by the 
formed is rcdissolvcd. The platinum salt gives, ' combination of the alkaloids with iodide of 
in acetic acid solution, n black pp. with nicotine, j nitrogen. 

but none with conessine; it also gives a wine- 1 'Pests for alkaloids. —The above reactions are 
red pp. with solanidine but none with solauine. general. The following tests may be used in dis- 
Tho gold salt gives, on evaporation, arborescent I tinguishing the alkaloids from one another:— 
crystallisation with nicotine, but only oily drops | 1. The alkaloid is sublimed. Sublimation begins 
with coniine. ! below 100° in the case of caftchic, theobromine, 

7. A solution of iodine (1 pt.) inKI (1 pt.) and cantharidinc; between 150°-200° in the 
dissolved water (100 pts.) gives brown, often i case of strychnine, morphine, and pilocarpine 
crystalline, pps. of the periodides. Thcscpolarise (Wyntev Blyth, C. tT. 33, 318). The following 
light liko tourmaline. The alkaloids can be give no sublimate, but melt: (a) below 100^ 
recovered by treating the pp. with SO,...\q. j hyoscyamino, atropine *, (6) between 100°-160° 

8. Animal charcoal removes most of the papaverine; (c) above 200° solanine. The 

alkaloids from aqueous solution. The alkaloid , subliinate is then examined microscopically 
can then be extracted from® the charcoal by a' (llclvlg, JV. 3, 43; Deanea. Brady, C.J*. 18,34). 
suitable solvent (Graham a. Uofiaan, 0. J. 5, \ - 2. Cone. IhSO, produces colours with certain 
173). ; alkuloids, e.g. a blood-red colour with thebmne 

9. Picric add pps. many alkaloids, even in and a crimson with veratrino,—3. Nitric acid 

presence of a largo excess of H^SO,. Moqdune, usually produces a yellow solution, but morphine 
caffeine, and glucosidcs are not so ppd. The and brucine give a red colour.— i. Sutpburicacid 
reageiitpps. English but notCiornuinpreparations ; containing a little molybdic acid, so-called aul- 
of atropine (Hager, Fr. 9,110). : phomolybdic acid, gives a violet colour with 

10. Tannin gives a white or yellowish-white . morphine, and characteristic colours with other 

pp. The salts of morphine, with llie exception j alkaloids.—5. Erdmann’s solution is prepared 
of the acetate in strong solution, are not ppd. by j by adding HNOg (6 drops of S.G. 1*25) to water 
tannin. The alkaloids can bo recovered by (100 c.c.) and adding ten drops of the diluted 
treating the pp. with lime. acid to 20 c.c. of cone. This solution 

11. Platinic chloride gives, iu cone, solu-j gives a blue colour when warmed with solutions 
tious, ayellowish-wMtooryellowpp. CMorideof of codomo, and characteristi(^colours with o&er 
gold does the same [cf. Coninck, Bl. [2] 45,131). alkaloids.—6. Chlorine water, followed by am- 

12. Sodic nitroprussidc usually forms oily monia, gives a gr#cn colour with quinine, a red 
drops of the nitroprussido, which erystullises on colour with narceine, and an orange colour with , 
standing (Horsley, C. 27.5,355; E. W. Davy, narcotino.—7. A mixture of an alkalo^ 

Ph. [3] 11,766). i with sugar (7 pts.) often gives colours with oono. 

18. The electrolysis of solutions of salts of > Morphine and codchio giv%a purpl^ 

alkaloids has been studied by Bourgoin {Bl. [2J | aconitine a rose-red (H. Sclineidcr, P. 147,128). 
12,438). j —8. HjSO, and a little Cc^Oj give with strych- 

14. The alkaloids aro ppd. by sodium salts of nine a fine blue colour; with brucine, orange; 
^ycod^licthyoglycocholict&ndtaurocholio acids, narcotine, brown, cherry-red, fin^y wine-red; 
The pps. appear to be acid salts of the alkaloids morphine, olive-brown, finally brown;*codeine, 
(W.F. de I'Abre, 0. 0. 1872,231). I olive green, finally brown; quinine, pale yellow; 

ttUphide passed linto alcoholic ! cinchonine and caffeine, no oolour; veratrina. 
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iiti'9plae» lolAmne, emetiae, brown \ colQhioine» 
greoQ becoming brown: papaverine, almost black 
(Sonnenscbein, B. 8, 6w). 

Optical Properties. —When the solution of 
an alkaloid affects a ray of polarised light the 
specific rotatory power of solutions of its normal 
B^ts is independent of the nature of the acid if 
the alkaloid is mono-ficidi(f and the salt is not 
decomposed by water, but if the alkaloid is di< 
acidic the basic salts usually rotate much less 
than the normal salts (Oudemans, R. 1,18). 

ALKALOIDS, CADAYEBIC v. Ptomaines. 

ALKALOIDS, POISONOUS, Detection and 
Estimation of.—This article will be directed to 
the simple detection of the chief alkaloids; but 
incidentally their quantitative estimation will be 
touched upon. The detection and complete recog¬ 
nition of an alkaloid by chemical tests is often a 
matter of great difliculty, even in the case of 
some well-known and potent alkaloids. Indeed, 
in some cases these dilljGultics arc at present 
insurmountable by chemical means alone, and 
physiological experiments have to bo called in 
aid. The obstacles to the recognition of these | 
bases, when several are present, is still greater. | 
Indeed, it may be stated that the complete i 
separation of a mixture of commonly occurring 
alkaloids is a problem still awaiting solution. I 
The toxicologist has too often to content himself; 
with the identification of one or two alkaloids in j 
arganio mixtures, and the determination of their | 
aggregate quantity, being unable to ascertain ! 
their individual amounts. ! 

History.—TYie earliest methods devised for 
the detection of alkaloidal poisons in forensic 
research were those found effective for the ; 
separation of the vegetable alkaloids from the 
other matters with which they arc found asso¬ 
ciated in nature; and modifications of these 
methods are even now employed for this pur¬ 
pose. The material to bo operated on was 
extracted with diluted acids, aided by gentle 
heat, gummy and other substances removod by 
lead acetate, the excess of lead ppd. with 
hydrogen sulphide, and the alkaloid obtained 
as a salt—generally an acetate —in a greater or 
less degree of purity by evaporation of the 
eolution. This and other crude processes were 
mostly abandoned when Stas M. 84, 379) pub¬ 
lished his classical paper on tne separation of 
haloids from organic mixtures, and devised a 
new and refined process, which was subsequently 
modified and improved by Otto {A. 100, 39), 
Dragendorl! {Oerichtl. cliem. Ermit. v. Qift.t 
1676), and others. In one form or another, this 
process, generally known as that of Otto-Stas, 
is still the one most generally employed in 
fereneic analyses,though Sonnonschein (A. 105, 
46), Selmi (C. J. 1877, 93), und more recently | 
^ X. Bricger {Die PtomaiTte, Pt. I., 1885; Pt. IL, 
^1886 ; i^t. III., 1886) have each employed 
different bat less refined methods for the general 
separation of the organic bases from the matters 
with which they are commonly associated. 

Methods of Procedure. — If an apparently 
Uirly pure solid body has to be examined, e.g. 
a orystalUne medicinal powder, its alkaloidal 
nature tnay be demonstrated by ascertaining 
in the ordinary way that it contains both organic 
earboQ and nitrogen; by its sparing solubility 
in sqneons alkaline, ana iki ready solubility in 


aqueous acid, solutions; and by adding to the 
add solution reagents that reaots with the al¬ 
kaloids as a class. The alkaloid will usually 
be ppd. from its acid or aqueous solution, if this 
be imt too dilute, by caustic and by carbonated 
alkalis; and will appear either in the form of oUy 
droplets (liquid and volatile alkaloids), or as an 
morphous pp., becoming crystalline on stand¬ 
ing. If the pp. redissolvcs in excess of the 
caustic alkali, as in the case of morphine, it 
will again separate when the alkali becomes 
carbonated, as by exposure to the air. Since 
none of the alkaloids are altogether insoluble in 
water, no pp. may form in very dilute solutions, 
and yet an alkaloid bo present. There ate, 
however, certain group reagents that pp. the 
alkaloids from their barely acid solutions, even 
when these are highly dilute; and these re¬ 
agents are generally employed where the presence 
of an alkaloid Is suspected. Such general re¬ 
agents are the following; but it must be borne 
in mind that as any one of them may fail to 
give a prccipitato with a given organio base, 
two or more of them must be used, under appro¬ 
priate conditions, in order to prove or disprove 
the presence of an alkaloid in the solution to be 
tested.—1. A weak solution of iodine in poias^ 
sium iodide. This reagent gives a more or less 
coloured pp. with extremely dilute solutions of 
most of the vegetable alkaloids.—2. Bromine 
zoater yields similar pps., but has the dis¬ 
advantage of yielding pps. with the phenols 
also.—S, Tannin pps. most of the vegetable 
alkaloids from their not too dilute solutions.— 
4. Mercuric chloride in aqueous, and also in 
alcoholic solution, is a valuable pptant., and is 
' especially useful in the separation of the organio 
: bases resulting from putrefaction ^ioinaXnes), 
for the separation of which the Otto-Staa method 
• to be presently describedis inadequate (L.Brieger, 

’ op. ctt.).— 6 . Potassio-mercuric iodide solution 
! is perhaps the most generally useful pptant. of 
I the alkaloids; andifrom the ppts. thus produced 
I the alkaloids may be recovered in a high state 
i of purity by trituration with stannous chloride 
; and solution of NaOH, and extraction of the al- 
; kaloid thus liberated, with ether.— 6 . Phospho- 
; molyhdic acid in nitric acid solution pps. the 
i alkaloids from acid solutions. The alkaloids 
I may be recovered from these pps. by decomposing 
them with barium hydrate, and either distilling 
off the alkaloid (volatile alkaloids), or after re¬ 
moving the baryta by means of a stream of car¬ 
bon dioxide, sxibsoquently extracting the alkaloid 
with absolute alcohol.—7. Picric acid is also a 
useful pptant., and from the pps. thus produced 
the alkaloids may be seps^ated by acidification 
with HCl and agitation witn ether.—Many other 
general pptants. of the alkaloids have been pro¬ 
posed, hut t|ie above fulfil almost every useful 
purpose; and on the ppn. of organio natural bases 
by alkalis, and their resolution and extraction 
by ether and other special solvents - or on their 
removal from organic solutions by one or other 
of the above pptants.—are based the most ap¬ 
proved general methods for the separation of the 
poisonous alkaloids in forensic analysis^ 

The method most generally employed for the 
extraction of the vegetable alkaloids from ad¬ 
mixture with; animal matters is that originally 
devieed by 8lu for the separation of nieotine.in 
\ 
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ht'^ottjrge of a forensio analysis, and now known 
lilhmodincatMiB as the Otto-Stas method.' The 
mtar of this article has introduced further 
nodifications which are embodied in follow- 
Dg description, and have been found by Wm 
leoessary in those cases where unstable and 
jasily hydrolysed alkaloids are to be sought 
tor, such as morphine, which is readily decom¬ 
posed by heating its acidified solutions, and 
sconUine, which is unstable in alkaline and 
especially in ammoniaual solutions. In all 
cases the method, which is a quantitative one, 
is greatly dependent for success upon tho care 
with which the preliminary operations are con¬ 
ducted. 

Tho organic material to bo operated upon, if 
solid, is brought into as minute a state of 
division as its nature permits, and is then 
digested with twico its weight of rectified spirit 
of wine at a temperature of about 35*^. Liquids 
are also treated with twico their volume of 
rectified spirit. Hcdistillcd methylated spirit of 
wine may bo used for these operations. After 
several hours' digestion tho liquid is poured oil 
from the deposited solids, and the digestion is 
repeated with a fresh quantity of spirit. This 
is again poured oil, and mixed with the previous 
alcoholic infusion. If solid matter, e.g. liver, is 
operated on, tlie liquid is squeezed from the solid 
portion at each digestion in a piece of hno 
cambric which acts as a crude filter; and the 
liquids thus obtained aro added to tlie other alco¬ 
holic liquids. After two or more digestions, ac¬ 
cording to tho nature of the organic matter, the 
undissolved portions arc subjected to a now diges¬ 
tion, also at 35°, with spirit faintly acidified with 
acetic acid. Some recommend tartaric in pre¬ 
ference to acetic acid, but this is objectionable, 
when, as is usually the case, morphine has to bo 
iought for: others use oxalic acid, but this pcid 
may have to be sought for as well as the alkaloids. 
Enough acid mu.st be added to keep the liquid j ust 
perceptibly acid, excess being ^voided. After a 
prolonged digestion .vith tho acidified alcohol, 
this is poured off, tno solids squeezed, and the 
digestion repeated, but this lime with unacidified 
spirit. A final digestion may be required, the 
rule being to continuo tho exhaustion with spirit 
of wine so long as any colour is imparted to tiiis. 
The alcoholic liquids obtained before acidification 
after mixing aro momentarily and rapidly raised 
to a temperature of 70°, cooled, and the insolu¬ 
ble residue filtered and washed with spirit; and | 
those obtained with and after tho use of acetic 
acid are similarly treated. But the two liquids, 
the unacidified and tho acidified are not mixed 
till a later singe is j^ached. In this way, by 
keeping tho liquids separate, danger of hydrolysa- 
tion of unstable alkaloids is as far as possible 
avoided. The alcoholic infusions now eva¬ 
porated at a temperature never exceeding 35° to 
the consistency of a syrup. It is advisable during 
the course of the evaporations to neutralise a 
portion of tho free acid with caustic soda from 
time to time, so as to keep the liquids just per¬ 
ceptibly acid. The evaporations are easily effected 
with tolqfabie rapidity by placing tho liquids 
in shallow basins supported on lar^ beakers 
some inches above the floor of an ordinary 
oven, which ie heated by a gas flame playing on 
Iho top. The door ii kq>t a lUtl4 ajar. Tlie 


advantages of this arrangement of -Uie author's 
are, that overheating is avoided, evaporation is 
more rapid than by any mother method, and ail 
creeping of the liquids \}p the sides of the basins 
is obviated. This course of procedure is greatly 
preferable to distilling off and recovering tho 
alcohol, as usually recommended. The syrupy 
liquid is now drenched vath about 30 c.c. of 
absolute alcohol, with constant stirring or 
grinding in a mortar; tho alcohol is poured off 
from the pasty mass which usually separates, 
and replaced by successive quantities of 15 c.c. 
alcohol so long as a colour is imparted to this. 
The alcoholic liquids aro mixed, filtered, the 
filter washed with alcohol, and the filtrate eva¬ 
porated in the oven, as before, at a temperature 
riot exceeding 35°. The syrupy residues—that 
from the plain and that from the acidified spirit 
of wine—aro diluted with a small quantity of 
water, filtered, the filters washed with water, and 
the filtrates mixed. They should, together, 

I measure 15-20 o.o. The liquid is introduced 
into an accurately stoppered tube, partially 
neutralised, if necessary, with caustic soda, taking 
care, however, to leave it slightly acid. If the 
method laid down has been scrupulously followed, 
we have now a liquid containing the whole of the 
alkaloids, and free from albuminoids. The 
aqueous and faintly acid liquidin the tube is now 
covered with twice its volume of washed ether, 
and tho whole is mixed by gently and repeatedly 
inverting the lube, care being taken not to 
emulsify the mixture by any violent agitation. 
T])e ether is allowed to separate, and this is 
favoured by giving an occasional sharp rotatory 
shake to the tube. Tiie supernatant ether is 
then pipetted of!, and replaced by a new and 
smaller quantity of ether. The tube is again 
shaken; and the operation of extraction with 
ether is continued till a few dropson evaporation 
leave no residue. Four or five extractions will 
generally suHice. Tho ethereal solutions as they 
aro pipetted of! are successively washed by 
vigorous shaking in a second stoppered tube with 
i 5 c.c. water to which a few drops of dilute 
I sulphuric acid have been added. The ether on 
evaporation may yield an oily residue which may 
j bo reserved for further examination and for 
physiological tests. But the acid liquid sub¬ 
jected to ethereal extraction will still contain 
nearly all tho alkaloids, as the acid salts of these 
are mostly practically insoluble in ether; but the 
salts of some of tho alkaloids being perceptibly 
Bolublo in ether may be met with in the *acid- 
ctlicr ' extr.act. The acid aqueous solution, and 
the acidulated water with which the ether has 
been washed, are mixed, alkaliscd with sodium 
carbonate, and again cxhaustedKourov five times 
as before with wasl^d ether; only in this case 
the first exhaustion is made with a mixture of 
1 vol. chloroform and 3 vol. ether, and the final ex¬ 
tractions with ether alone. These sud^essive 
ethereal extracts aro washed in a tube by shaking 
anew with 5 c.c. water* They are thfti trans¬ 
ferred to a third and finally to a fourth tube, the 
first containing 10 c.c. water acidulated with a 
few drops of sulphuric acid, and the last contain¬ 
ing 5 0 . 0 . water alone, and agitated. Bg theae 
operations the alkaloids are first liberated from 
their salts by the alkali, then transferred to the 
eiher-ohloroform in which iheyaie Bolnbto; then 
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toaTOTled into lolpluitQ8> being a)G|d-<-iUK}ni9p.bil^^iu&e of tIuA0i^< 1^ 

tttfoinble in eth^ and ohloiofonn, again pass into are acidulated the lamd proportion of acid, 
the add solutions, imi|iritiea being left behind in The digestion is continued for^reral hours, 
tbs ether. We have now again the alkaloids in and the mixture is then pressed, and filtered, 
add solution, but in a fnuoh purer state than The operation of extraction with dilate sulphuric 
before. The acid liquid and the final wash- acid is repeated two or three times, 100 o.o. of 
water are mixed, washed with a little ether once liquid being a convenient quantity for each ex- 
or twice, then re-alkal^d \uth sodium carbonate, traction. The mixed filtrates, containing the 
and well re>extracted with chloroform-ether and alkaloids, are partially neutralised with magnesia, 
ether. These ethereal solutions arc washed with and carefully evaporated to a syrup at a temper- 
water barely alkalised with sodium carbonate, aturc much below lOO'^; but never to dryness, 
then filtered through a dry filter, and evaporated It is certain that in this operation some alkaloids 
to dryness in the oven below 35° in tared glass may be destroyed, and it is also asserted that 
basins about eight centim. in diameter. Once basic bodies are formed by the decomposition of 
di^, the residue may be transferred for a few the albuminoids. A useful modification (L. 
mmutes to the water-oven, dried at 100°, and Brieger, qp. ciL) is to partially neutralise the 
weighed after cooling over sulphuric acid. This liquid from time to lime during the course of the 
weight fairly represents that of the alkaloids, evaporation, so that it is never more than very 
It is well before evaporating the bulk of the slightly acid in its reaction to litmus. The 
solution to evaporate a few o.c. only; if an syrupy residue from the evaporation is mixed 
oily odorous residue be left the presence of a witli three or four times its volume of rectified 
▼ofatile alkaloid is indicated; the evaporation methylated spirit of wine, and a few drops of 
is then modified by mixing the ether-chloroform ' sulphuric acid, and allowed to digest at about 
with so much ether previously acidulated by ! 30° for twenty-four hours. The insoluble matter 
agitation with a strong solution of hydrochloric is separated by filtration and washed with spirit, 
acid as is necessary to render it acid. In this I and the filtrate and washings arc distilled in a 
ease it is not the free alkaloids, but their non- ! retort so as to recover the alcohul. The aqueous 
▼olatilc hydrochlorides which are left and j residue in the retort is diluted with water to 50 c.c., 
weighed. The residue may therefore be dissolved ! filtered, and introduced into a stoppered tube 
in water and subjected to appropriate tests—| and exhausted successively with petroleum ether, 
first lor the alkaloids generally {vide ante), and | benzene, and chloroform, 20-30 c.c. of each at a 
secondly specifically for the volatile alkaloids. ! time, in the manner in which exhaustions are 
But if the solid free alkaloid has been obtained : made with ether in Stas's process. The aqueous 
it must first bo converted into a hydrochloride ' solution is then made alkaline with ammonia, 
by moistening it with a very slight excess of very and again exhausted successively with petro- 
dilute hydrochloric acid, and evaporating to dry- ^ Icum-spirit, benzene, chloroform, and amyl- 
ness in vacuo over sulphuric acid. The residue alcohol. On evaporation of tlie respective 
may then be dissolved in water and subjected to solvents (consult what has been said under 
tests, which may be obtained from the ethereal Stas’s process us to volatile alkaloias) alkaloidal 
extract either before or after conversion into residues arc obtained, which when taken up with 
hydrochloride and solution of this in water. > water, cither with or without previous conver- 
Morphine is practically insoluble in ether siou into hydrochlorides as necessity demands, 
except immediately after ppn. from its solutions, may bo submitted to appropriate tests for the 
hence if this alkaloid were present in the matters ’ alkaloids, and spdfcially for the various suspected 
Bubmitted to examination, but little of it would alkaloids. 

be removed by the chloroform and ether, more Amongthecoramoneralkaloid8,andpoisonoufl 
eepocially if, as is advisable,-the agitation with : neutral substances:— 

these solvents was not executed immediately j Felrolcxm ether removes from the acid 

after ihe addition of sodium carbonate. In order aqueous solution: —some piperinc, resins such 

to obtain the morphine, the first alkalised solu- • as capsicin, cainplior, and phenol, 

tion from which the other alkaloids have been 1 Benzene further removes from the acid 

. removed must be rc-extracted a few times with j solution:—moTQ piperinc, caffeine, colchicine, 
a well-washed mixture of equal volumes of acetic : santonin, digitalin, cubebin, colooynthin, eloctin, 
ether and ethyl ether, which is preferable to • picric acid, elaterin, and canthavidin. 
omyl-alcohol, and in which mixture morphine is i Chloroform, again, removes front the acid 
. soluble. The mixed ethers are washed with a fliytw’ous solution: —cinclionine, theobromine, 
little water, filtered through a dry filter, and i papaverine, narceine, jervine, more digitalin, 
evaporated just^as the chloroform-ether was picrotoxin, smilacin, andbenogin. 
evaporated for the other alkaloids. The residue On rendering the solution alkaline with 
is usually not pure raorplfine, as acetic ether ammonia:— 

takes up other non-alkaloidal bodies, but these Betroleimi spirit removes from (he alkaline 
• do no4 usually interfere with the morphine strychnine, brucine, quinine, vera- 

xeactions. trine, aconitine, emetine, and the volatile 

^ G. Bragendorff {Qerichtl. chem. Ermit. v. alkaloids coniine, nicotine, lobolinc, and trime- 
Gift., 1870, p. 141) has 'devised a process which thylarnine (from putrefaction), the pimento- 
proceeds upon the same general lines as that alkaloid, and aniline. If the presence of aoo- 
of Stas, but is much more elaborate. It re- nitino or emetine be suspected, the operation 
quires, moreover, a higher trfinperature for the must be nerformod quickly, since thesoealkaioidt 
pr^mfhary evaporation. The finely divided rapidly decompose in alkaline solutions, 
•ubstance, if solid, is dige.Hted for several liours Benzenijurther removes from (h$ alkaUSii 
at a temperature of 40°-30° with dilute sulphuric solution ^tropine, hyoscy amino, physpstlf- 
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qilBe ^wine),thet^aei 6odd^ and basea aatiaeted by mea^ o! strong alocdioU 

ad^onal qnantiti^ of stryobnine, braoine, The filwred alooholio solution often yields on 
quinmot oinoHbaine, veratrine, aconitine, and evaporation the alkaloids jn a sufficient state of 
tmeiine. purity to admit of their being weighed, con* 

Chtoroform,againtre7n(m8 from the alkaUm verted into hydroohlofidcs, and submitted to 
$olution :—some morphine, and additional tests^ Sometimes, however, they must be puri* 

tities of cinchonine, narceine, and papaverine. fiod by re-solution and re-crystallisation Irons 
Amyl-alcohol fiftally tanoves front tlic alka~ absolute alcohol, ether, chloroform, d^o. 

Um solution :-^moTphinQt narceine, and some The method of ^Tsihr aild Erdmann (d. 120, 
neutral bodies, such as salicin. 121) is not much employed in this country, the 

Kot all the substances enumerated above are evaporation of amyl alcoliol being a disagreeable 
poisonous; but they are bodies that may be operation; but it is nevertheless a valuable process 
present in medicinal mixtures, and hence are for the separating of strychnine and morphine, 
likely to come under the notice of tlio toxico- It is practised as follows:-The suspected matter^ 
legist in forensic analyses. if solid, is made into thin paste with water, 

Selmi proposed another method of extract- slightly acidulated witli hydrochloric acid, and 
ing the poisonous alkaloids, and applied it to digested at a temperature of 70® for an hour or 
the extraction of the ptomaines (O. C, 153; two. It is then strained through a moist piece of 
0. J. 31, 93). The viscera are exhausted with cambric, and the solid residue on tlio cloth iS' 
alcohol and dilute sulphuric acid. This aeidi- well exhausted with hot very dilute hydrochloric 
Bed alcoholic extract is filtered and evaporated acid. The combined liquids after filtration ara 
at a temperature of 65°, again filtered, and made slightly alkaline with ammonia, mixed 
evaporated to a syiup. The residue is taken with clean sand, and evaporated to dryness on 
up with water, filtered, the filtrate treated with the water-bath. Tlic residue from the evapora* 
basic lead acetate, and the mixture exposed tion is extracted three or four times with hot 
to the air for twenty-four hours. It is then j amyl alcohol and the niixird liquids are filtered, 
filtered, the excess of lead removed by hydrogen j The filtrate is shaken violently in a stoppered 
sulphide gas, and the filtrate concentrated. ; tube with several times its volume of hot water 
This is then repeatedly extracted with ctlicr, i acidulated witli liydrochloric acid, which removes 
The ethereal solution is then saturated with a i the alkaloids, leaving colouring matters and fat in 
stream of dry carbon dioxide gas, which gene- , the alcohol. The alcohol is xiipettcd off, andtha 
rally causes a pp. of droplets containing some ' hot acid solution is repeuto<lly waslied by agita- 
of the alkaloids, and adherent to the side of ! tion with fresh portions of amyl alcohol until all 
the vessel. The ethereal solution is poured \ fat and colouring matter is removed, after which 
off, mixed with about half its volume of water, j the clear aqueous liquid is concentrated by 
and a current of carbon dioxide is again passed | evaporation, made alkaline with ammonia, and 
for twenty minutes, which may cause the i)pn, i well shaken with fresh hot amyl alcohol four or 
of other alkaloids not ppd. by dry carbon ' five times. These alcoholic liquids are mixed,, 
dioxide. Usually the whole of the alkaloids are j filtered through a filler moistenci with amyl 
tlirown down by these means, but if not, the j alcohol to remove water, and evaporated in a 
ethereal solution is dehydrated by shaking witlx ; tared basin, when the alkaloids will bo left in a 
barium oxide, and then a solution of tartaric ; sufliciently pure condition to be dissolved and 
acid in ether is added to the clear liquid, taking tested, previous to which they should be woighed.. 
care not to employ an excibs of acid; any Occasionally a coloured residue is obtained which 
alkaloid that may remain in solution is thus ; requires re-solution in aqueous acid, agitation 
thrown down. As a matter of precaution, the \ with amyl alcohol, alkalisation with ammonia, 
remains of the viscera or other matters operated I and re-cxtraction with amyl alcohol, in order tc 
on are mixed with barium hydrate and a little | obtain the alkaloids in a sufficiently pure state 
water, and agitated with pure amyl alcohol. ‘ for testing. ^Vith morphine the process, though 
The alkaloids may then bo cxtraclcd from the j tedious, works well. 

alcohol by shaking it in a stoppered tube with j Scheibler’sprocessisbascdupontheprecipita- 
very dilute sulphuric acid. • lion of the alkaloids by phosphotungstic acid, a. 

Sonnenschein (id. 104,45) separates the alka- reagent prepared by treating sodium tungstate 
loids by ppn. with phosphoinolvbdic acid. In j in solution with half its weight of phosphoric 
extracting the bases, the organic matter to be i acid, when crystals of phosphotungstic acid- 
examined is repeatedly exhausted with very j slowly form. Those are dissolved, and the pro* 
dilute hydrochloric acid, the mixed solutions { ccss in detail is carried on in the same manner 
filtered, and the fiUi'at#eva]>oiuled in the oven at i as Sonncnschein’aphosphomoljj^dic acid process,,, 
atemperatnre not exceeding 35^’ to athin syrup; ! substituting the phosphotungstic for the phospho* 
then diluted with water, cooled, and filtered. ! molybdic solution a^ a precipitant. It is some- 
An excess of phospho-molybdic acid is added to times recommended to pieecdo the ppn. of the 
the filtrate, and thopp. is washed with water con- alkaloid by the additioii of lead acetate to eemove 
tainieg nitric and phosphomolybdic acids. The colouring matter, and then to remove tlie excess 
■ atill moist pp. is washed into a flask, made of lead by hydrogen sulphide; but som* of the 
distinctly alkaline by the addition of barium alkaloid present is apt to be removed with the- 
hydrate, and distilled into a bulb apparatus lead pps. Nor should animal charcoal be used 
charged with hydrochloric acid, which absorbs as a decolorant, as this is still more effective in 
ammonite and the volatile bases. The residue withdrawing the alkaloids from solution. In¬ 
in the flask, containing the non-volatile bases, deed the obstinacy with which the afkaloida 
U freed from barium hydrate by a current of adhere to animal charcoal has been utilised by 
oarbon dioxide, evaporated to dryness, and the Qraham, Hofmann, and Bedwood as a means w 
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fliBtntlng itiTehnlne trom beer snii other 
liqnida(0. J.6,173). 

The loUowing sehepe serves for the detection 
of the more commonly occurring poisonous 
alkaloids. The alkalords are brought into 
acid agucous solution, and this is shaken with 
ether 

I. The ether mOu^rair^rom thcacidaqucous 
lolution, and leaves on evaporation; 

1. Colchicine.—Its solution is yellow, and is 
turned to a violet colour by strong nitric acid. 
Its solution in HClAq, when made alkaline with 
oaustio soda, develops an orange-red colour. 

2. higitalin.—When dissolved in cone. H^SO, 
and a minute quantity ot bromine water is 
added, a reddish-violet tint is produced, which, 
■on the addition ot water changes to a green. 

3. Picrofoxin.—Kcduces FehUng’s solution. 

The solution is made alkaline with sodium 

bicarbonate, and again shaken with ether. 

n. Ether removes from the alkaline solution, 
and leaves on evaporation: 

1. Aheotme.—Oily droplets, having a tobacco¬ 
like odour. Its aqueous solution is not ppd. by j 
■chlorine water, nor docs it become coloured when 
warmed. Warmed with hydrochloric acid the 
alkaloid becomes violet, and then on the addition 
■cl ititric acid orange-coloured. 

2. Coniine .—Oily droplets having a mouse¬ 

like odour. Ilsaqueons solution is ppd.by chlorine 
water, and becomes coloured when warmed. Dry 
hydrochloric acid gas turns the alkaloid at first 
ted, and then to a violet colour. | 

3. Lobeline. —Oily droplets yielding no very | 
4efinite chemical reactions. 

4. Brucine .—Turned rosy-red by strong sul¬ 
phuric acid not quite free from oxides of nitro¬ 
gen. The alkaloid is reddened by strong nitric 
■acid, and the red solution changes to a bluish 
violet on the addition of a solution of stannous 
chloride. 

6. Strychnine .—No coloration on the addi¬ 
tion of strong HjSO,. On the further addition 
of solid potassium dichromatc, MnO.,, or I'bO.,, 
a violet-blue coloration is immediately produced, 
passing gradually into a cherry-rod, the colour 
only slowly disappearing. 

6. Narcotinc.—It become first yellow, then 
blnish-violet when warmed with strong sulphuric 
acid. Its solution in strong H-SO, hccomcs 
ted on the addition of a trace ot nitric acid, 
finlphomolybdic acid turns the alkaloid green. 

7. Fieratroic.—With strong sulj)huric acid it 
becomes yellow, orange, and finally cherry-red. 
Its solution in cold concentrated hydrochloric 
acid is colourless, but gradually changes to a 
deep red when boiled. 

8. jeruine. #'he salts of this alkaloid, except 
the acetate and phosphate arj only very sparingly 
soluble in water and acid solutions. Its solution 
in acetic acid is ppd. by nitric acid and by 
potasskm nitrate. 

9. Atropine.- An odour of hawthorn is dove- 
loTCd when the alkaloid, is warmed with strong 
sulphuric acid and potassium dichromate; and 
the solution becomes green from reduction of 
chromic acid. Evaporated to dryness with 
turning nitric acid, and the residue tonchod with 
an alcoholic solution of potash, a fine purple 
colour is produced. 

10. Aconitine can only be identified by its 


physiological properties. The chemical testa for 
pure aconitine are not oharaoteriq^o. 

11. Gcisemiitc.—With strong sulphuiio acid 
and potassium dichromate, a reddish-purple ot 
cherry-red colour is developed, quickly passing 
into bluish-green or blue, 

12. Physostigmine. — Iis solutions, whether 
acid or alkaline, become reddish on exposure, and 
this colour is discharged by sulphurous acid and 
the thiosulphates. Treated with sulphuric acid 
and bromine-water, it yields a brown-red colour. 

III. There remain in the alkaline aqueoue 
solution :— 

Morphine, curarine, and cytisine. The first 
may be separated by shaking with acetic ether, 
and is identified by the usual tests-—nitric acid, 
ferric chloride, iodic acid and starch, and sul- 
phomolybdic acid. Curarine may be ppd. by 
phosphomolybdic acid after acidification with 
nitric acid. The pp. is decomposed by barium 
hydrate, and the alkaloid extracted by absolute 
alcohol (f. Sonnenschein’s process, o»tc); it 
gives a reddish colour with sulphuric acid, and 
reacts somewhat like strychnine with sulphuric 
acid and potassium dichromate. Curarine, how¬ 
ever, is not precipitated from its solutions by 
potassium dichromate. 

Cytisine yields no definite chemical reactions. 


The following are the chief trustworthy testa 
for the more commonly occurring poisonous 
alkaloids, Ac.:— 

Aconitine.—This alkaloid, as well as the 
closely allied alkaloids pseud-aconitine and jspa- 
conitine, when pure, yield no characteristic 
chemical reactions. The colour reactions with 
sulphuric and phosphoric acids that have been. 
described by authors are untrustworthy, and 
duo to impurities. 

Apomorphine.—He salts turn green on ex¬ 
posure to light and air, and its solutions on 
boiling. With sodium bicarbonate its solutions 
yield a pp. which turns green on standing, 
and forms with eflier a purple, and with chloro- 
I form a violet, solution. Its solutioms strike 

■ a red colour with ferric chloride and with nitrio 
i acid. 

; Atropine .—When warmed with strong sul- 

■ phuric acid— or, more quickly, when evaporated 
to dryness with baryta-water, and the residue 
heated—an odour of stale hawthorn Howers is 
developed. 

Brucine .—It is turned of a blood-red colour 
by nitric acid; and the red solution becomes 
violet on the cautious addition of a solution ot 
stannous chloride. It yields an orange-red with 
Bulphomolyhdic acid; and with sulphuric acid 
and potassium dichromrfle a dec-p orange-red 
colour. 

Cu^ctMC.—Crystallises in silky needles. Eva¬ 
porated to (Jryness with dilute hydrochloric acid 
and a fragment ot potassium chlorate, a pink 
residue is left, which turns violet on the addition 
of ammonia. 

Cinchonine.—It is difficult to get any charac¬ 
teristic reaction for this base. Its sulphate ii 
soluble in chloroform, and is non-fluorescent— 
charactei^ which distinguish it from qtinino. 

Cocaine .—Is not coloured by concentrated 
acids. When evaporated to dryness with aloo- 
hoUa potash, the issidiie when warmed with 





dilute tfol^Tuic aold erolvea an aromatic odour 
ol benaoio aold^ 

Colchicine. Nitric acid strikes a yiolet 
eolour, which on the addition of sodium hydrate 
changes to a fine orange. Strong sulphuric acid 
dissolves the alkaloid to a greenish ycliaw 
oolourt and on the addition of a drop of dilute 
nitric acid a play of colours, beginning with 
violet, is manifested. The subsequent addition 
of caustic soda yields a fine rose tint. 

Ooniinc. —Oily, and of a mousc-like odour. 
Its dilute aqueous solution fumes with strong 
hydrochloric acid, and after acidification gives 
no pp. with bromine-water until supersaturated 
with sodium hydrate, when a white pp. forms. 

Curarinc. — Is turned blue violet wlten 
touched with sulphuric acid and potassium 
dichromate added; but the colour is more per¬ 
sistent than in the case of strychnine. 

CyfisMic.—This alkaloid is insoluble in ether, 
benzene, chloroform, and carbon disulphide. It 
dissolves in sulphuric acid without colour, but 
the subsequent addition of nitric acid produces 
an orange coloration. Nitric acid dissolves 
cytisine without colour, but on warming the 
mixture becomes orange-red. 

Enictme is said to strike a blood-red colour 
with strong nitric acid, but the writer believes 
that this is due to impurities, and that tests for 
emetine are desiderata. 

Oelsemine .—Sulphuric acid and potassium 
dichromatc produce an immediate but evanescent 
violet coloration, and the chromate is quickly 
reduced. The alkaloid is naturally associated 
with gciscmic acid, a substance which in alkaline 
solution fluoresces strongly, and is yellow by 
transmitted, blue by reflected light. 

Hyoscyai}4nc.—'So good chemical test for this 
alkaloid is known. 

Jiervine.—The salts of this alkaloid, especially 
the acetate, are ppd. by nitric acid and by 
poti^sium nitrate. 

Morphine Qivea with nitri(^acida deep ted 
colour, not materially altered by the subsequent 
additionofstannouscliloride. With sulphuric acid 
and potassium dichromato a green coloration 
U gradually developed. Ferric chloride gives a 
blue or blue-green coloration. It liberates 
iodine from iodic acid, and the mixture shaken 
with chloroform imparts a violet tint to this; 
but the brown colour is only deepened and 
altered in tint by ammonia. Sulphomolybdio 
acid gives an immediate purple coloration. 

Narcotine .—Uncoloured by sulphuric acid, 
except this contains a trace of nitric acid, when 
a fine cherry-red colour is gradually developed, 
and is persistent. Itsjocidulated solution when 
warmed with bromine-water, added drop by drop, 
develops o purple or violet tint. 

Nicotine.—Oilyy and having the odour of 
tobacco. Freely soluble in water. Its acidu¬ 
lated solutions give a copious pp. with bromine- 
water, and this pp. disappears when excess of 
sodium hydrate is added. 

Physostigminc. — Sulphuric acid gradually 
produces a reddish colour. Its solutions acquire 
a red colbui on standing, and at oj^ce when 
treated with sodium hydrate and warmed, and 
on evaporation leave a bluish residue which on 
Midnlation affords a diohroio (r^ and blue) 


solution, which becomes permanently ted ed' 
standing. 

Pil^rpine affords no very characteristic 
chemical re^tions. Witlf sulphurio acid 
potassium dichromate green colour, due ta 
reduction, is developed. 

Piperine has the pungent fragrant odour of 
pepper. It is turned of a deep red colour by 
sulphuric, and of an oAngc^olour by nitric acid. 

Qzamne.—Its solution in sulphuric acid ia 
fluorescent. Treated with bromine-water and 
then excess of ammonia added, an emerald 
green coloration is produced. 

Salicin. — A neutral glucoside. It is not 
withdrawn from its acid or alkaline solutions by 
ether, benzene, or chloroform, and hence is- 
not obtained in the ordinary processes for the 
separation of the alkaloids. It is turned of a 
cherry-rod colour by sulphuric acid, and then on 
the addition of potassium dichromate an odour 
of meadow-sweet is evolved. Fused and par¬ 
tially sublimed in a test-tube, and then dissolved 
in water, ferric chloride strikes a violet colour. 

Strychnine .—Sulphuric acid gives no colour 
till potassium dichromatc, PbOj, or 

ferricyanide of potassium is added, when im¬ 
mediately a fine blue-violet colour is produced 
which gradually passes into reddish-violet, red, 
and finally cherry-red. Evaporated to drynesa 
with fuming nitric acid, and the residue 
moistened with alcoholic potash a deep orange 
colour is produced. 

Veratrine .—Touched with strong sulphuric 
acid, this alkaloid gradually develops a flue 
red colour, or immediately on warming. Its 
solution in cold strong hydrochloric acid is 
colourless, but becomes intensely red on boiling. 

T. 8. 

ALKAHIKES, alcamincs, alklnrs, or aloines. 
Names used by Ladcuburg to denote substances 
that contain both alcoholic hydroxyl and anudo- 
gen, sucli as oxy-ethyl-amine, C.H 4 {OH).NH,. 

ALKANET. The commercial name of two 
different plants. True alkanet is Lawsoriia 
inenniSyiaUe alkanet is Anchma tinctoria. The 
leaves of Lawaonia contain a yellow dye, its 
roots contain a red pigment, used as a cosmetic. 
The root of Anchusa {OrcanncttCy Radix AU 
canuen spuria;) contains anchusiu. 

Anchusin or Alkannin (BoUey a. 

Wydler, A. 02, 141) or C^IL^O^ (Pelletier, A. 
0, 27) or (Carnclutti a. Nasini, <?. 1880, 

283; B. 13, 1014). Obtained by extracting the 
root of Anchusa tinctoria with petroleum; the 
crude product is pleated with dilute potash, the 
filtrate is shaken with ether, and the alkannin is 
ppd. by a current of CO,j. It is a brownish-red 
mass with a metallic lustre; ^1. ether, chloro¬ 
form, and acetic acid, si. sol. alcohol. Softens 
below 100®. Alcoholic solutions give with 
baryta-water a blue pp. of a barium compound. 
NaOAc and Ac^ produce a crystalline dkaoetyl 
derivative: C,.jH,jACa 04 (?). Nitric acid forms 
oxalic and succinic acids. Alkannin appears to 
bo allied to santalin. An alcoholic solution of 
alkannin dyes cotton mordanted with alum, 
violet; iron mordants give a grey colour. Turned 
blue by alkalis, especially ammonia (Bdttger, /. 
pr. 107, 46; Enz, J. 1870, 035). Altannln, 
unlike rosaniline, is not abstracted by cubes of 
gelatin from its solution. Its absorption-spec- 



ise 




train ahom 8 bands, dividing the speotram 
between D and the blue strontium line into 
a equal parts. On^ding ammonia the red 
solution turns blue, now showing 2 bands, one 
at D,'the other in the rdli, two-thirds ot the way 
towards the lithium lino (A. Dupr6, 0, J. 37,672). 

AtKARSIlf. hhime given by Bunsen to 
cacodyl or arsenic dl^inct^ide (g. v.), C.H^Aa, as 
being empirically alcohol in which 0 has been 
displaced by As {A, 24, 271). 

AIiKTL. An alcohol radicle. 

AIKOTL. An acid radicle. 

ALLAKIC ACID C,H,NAAq. 

Formed, together with urea and allanturio 
acid by the action of nitric acid in the cold on 
allantoin (E. Mulder, A. 159, 3ri3). Stellate 
needles (from water). SI. sol. cold water. De¬ 
composes at 210‘’-220’ without melting. Does 
not give off gas with HNO, containing N.O,. 
Qires no pp. with CaCLAq and NH,Aq. Gives 
pps. with AgNOjAq and NH,Aq, and with basic 
lead acetate, but not with neutral lead acetate. 

Salts. —NH,A': prisms.—HO.Pb.A': ppd. by 
basic lead acetate.—2PbA'j6Pb(OH)j—AgA'aq: 
amorphous pp. 

ALDANTOiC ACID 

C,H,N,0,i.c.IiH...CO.NH.CH{CO..H).NH.CO.Nirj 
A solution of allantoin in aqueous potash which 
has stood for some days, no longer gives a pp. 
with acetic acid, even after some time; but it 
a little alcohol be also added, and the liquid be 
left in an exsiccator over lime, crystalline 
potassic allantoate, KA', separates (E. Mulder, 
A. 169, 302; Schlieijer, A. 07,231; Ponomarew, 
J. E. 11, 13). The solution of potassio allan¬ 
toate gives crystalline pps. with Pb(O.Ac)j and 
AgNO,. but not with BaCL. BaCl.., and alcohol 
give a hygroscopic curdy pp. 

Salt s.—N HjA'—NaA' aq.—EA'.—BaA'j 2aq. 
—PbA'j aq.—AgA'. 

AIlANTOlN C,H.N,0,».«. 

,NH.CO 
CO/ I 

\nii.ch.nii.co.nh, 

>’H.CH(OH) 
orCO< I 

\NH.C:N.CO.NIIj 

Mol. w. 168. S. -62 at 20°; 3-3 at 100°. 

, Occurrence. —In the allantoic liquid of the 
cow (Lassaigne, A. Ch. [2J 17, 301; compare 
Vauquelin, A. Ch. 33, 269). In urine of sucking 
calves (Wohler, A. 70, 229). Occasionally in 
urine of dogs (Salkowski, B. 9, 721; 11, 500; 
Meissner a. Jolly, Z. 1805,131). In the young 
leaf-buds of the plane and maple, and in the 
bark of the horse-chestnut tree (E. Schulze, B. 
U, 1602; Xpr.*33,147; H. 9, 425). In wheat, 
to the amount of ‘6 p.o. of the embryo (Bichard- 
Bon a. Crampton, B. 19,1181). 

Formation.— 1. By treating uric acid with 
boiling water and PbO.^ (Idebig a. Wohler, A. 
26, 244; E. Mulder, A. 159, 349), with KOH 
and potassic ferricyaniile (Schlieper, A. 67,216), 
or with KMnO, (Claus, B. 7, 227).—2. By heat- 
ing glyoiylie acid (1 pt.) with urea (2 pts.) eight 
hours at 100° (Grimauz, C. B, 83, 82).—3. By 
the aq{lon of nitrous acid on dialuric acid (Gibbs, 
A. Suppl. 7, 837).—4. By heating mesoxalio 
acid with urea at 110° (Michael, Am. 6,198). 

tropertia. — Glassy monocUnie prisms 


ffianbei, A. 71, 68), fadless. 

Beadily soluble in alcohol. , 

Beaclions.—l. Dry distillation gives am- 
monio carbonate and cyanide, and charcoal.—2. 
Gently heated with hydrochloric or nitric ae^ 
itSgives urea and allanturio acid.—3. Hot 
sulphuric acid forma CO., CO, and NH,.—4. 
Boiled with baryta-water, CO^, NH„ oxalic acid, 
and hydantoin are got (Baeyer, A. 130, 161).— 
6. Hot cono. potash forms CO,, NH„ oxalic acid, 
and aoctio acid.—6. Cold potash slowly forms 
allantoic acid (o. o.).—7. Nitric acid of S.G. 1'35 
forms, on boiling, allanio acid (q. V.).—8. 
Fotassicferricyanide and KOH form allantoxanio 
acid (Mulder, B. 8,1291).—9. Sodium amalgam 
forms glycoluril, CjHjN^O, (Streckera.Bheineok, 
A. 131, 119).—10. llydric iodide reduces it to 
urea, and hydantoin or glyoolyl-urea (Baeyer, A. 
117,178). 

Tests.-1. A cone, solution of furfurol, to 
which a little HCl has been added, gives a violet 
colour with an aqueous solution ot allantoin 
(Schiff, B. 10, 771).—2. Mercuric nitrate (but 
not chloride) gives a pp., as with urea. 100 g. 
ot dry allantoin require 172 g. ot mercuric oxide. 
The pp. is (O.H,NA).5HgO. 

Compounds with Bases.—These are 
formed by boiling aqueous solutions ot allan¬ 
toin with metallic oxides. They are sparingly 
soluble (Limprioht, A. 88, 94).— 

(C,H.NA)2CdO.—C.H.NAZ«0-— 

(C,H.N.O.).5HgO.-(C,H,NA),2HgO.- 

(C,H.NA),3PbO.—(C,H,NA),CuO. 

The following are described as true salts: 
AgC,HjN,0,. got as a pp. by ammoniacal AgNO,. 
—KC^HjNjO,: from allantoin, KOHAq, and 
alcohol, in exsiccator. 

Nitrate CJIjNAHNO,. Amerphous. De¬ 
composed by water or alcohol into HNO, and 
allantoin. 

Constitution.—The constitutional formula 
given above are chiefly based upon Formation 
2 and Beaction in. 

ALLANTOXAIDIN 

.NH.CO 

C.H,N,0, aq f.e. CO< | aq. 

\NH.C:NH 

When allantoxanic acid is liberated from its 
salts, it at once splits up into CO., and this body 
(Ponomarew, J. B. 11, 47). Glittering prisms or 
tables. V. sol. boiling water, si. sol. cold water 
or alcohol, hsol. ether. Decomposed by heat, 
giving off HCN, HCNO, and NH,. Acid reaction. 
Bailed with water, or treated with cold Na,00,Aq, 
it splits up into formic acid and biuret. 

Salts.—KA': ppd.byalcohol.—AgA', 

ALLANTOXANIC ACID 0,H,N,0, U 

< NH.db 

1 

NH.C:N.CO,H 

Formatton. —1. Allantoin dissolved in aque¬ 
ous KOH is treated with potassio ferricyanide 
until the colour is permanent. Acetic acid it 
then added, when C,H,KN,0, is ppd. (Van 
Embden, A. 167, 39).—2. Prom allantoin, KOB, 
and KMnO, (Mulder, B. 8, 1292; Ponomarew, 
J. B. 11, 19).—3. From oxalyl-di-urelde and 
aqueous potash (P. B. 18, 982). 

Properties.—The acid, liberated from its lead 
•alt by H,S, splits up into allautoxMdin and 00^ 
Sslti.-^NH,A'; needles. —(NH^,C,)E0As> 





r-Ei.'; ifficy i^idleft 8. ;8B. Bdiled wittiwater, 
ft give* COt, bioni, and tormia acid. Beduoed 
^ aodiam-arfalgam to hydroxonio acid.— 
K!,O.BK,Ot aq; v. sol. water, insoluble in dry 
alcohol. —Ba{0,H,N,0J, 6 aq. — BaC 4 HN,Oj 2aq. 
—PMOiHjNiOJj Haq: very thin needles*— 
PbOtHNiOj. — AgCiHjNjOj: crystalline pp. — 
Ag,0 gelatinous. 

Ethyl ether C,H.,EtNjO*: from AgA' and EtI. 

AUJINTURIC ACIB CgH,N.A 
>Nl£.CO QlyoxyUurea. 

co<; i 

\NH.Cn{OH) 

Fomatio)t.—1. By boiling allantoTn with 
HNOg, HCl or PbO.^ or heating with water at 
140® (Pelouze, A. Ch. [3] 0, 71; Mulder, A. 159, 
869).—-2. Formed, together with glycoluril and 
urea, by action of sodium-amalgam on allantoin 
{Beinocke, A. 134,220).—3. By boiling allantoic 
^id or alloxanio acid with water (Ponomarew, 

R, 11, 16; Schlieper, A, 60, 6).-4. By 
oxidation of hydanto'in (Baoyer, A. 117, 179; 
130, 160).—6. By boiling uroxanic acid with 
water (Medicus, B. 9,1162; Ponomarew, B. 11, 
2165). 

Properties. —A deliquescent gummy mass. 
Insol. alcohol. Boiling potasli forms CO^, NII 3 , 
acetic acid, and oxalic acid (Medicus, B. 10, 64 l). 
—Salts. These are amorphous.— KA'HA' 2aq. 
8 .10.—BaA';.3aq. 

ALIENE.' Name sometimes used instead of 
Ailylxnk. I 

ALLITURIC ACID C,H,N,0,. 

S. 6 or C at 100®. Obtained from an aqueous ! 
solution of alloxantin, mixed with HCl, by 
rapidly evaporating to a small bulk, and treating 
^the resulting powder with HNO 3 which dissolves 
alloxantin but not allituric acid. The latter 
crystallises from water as a bulky yellowish- 
white powder (Schlieper, A. 56, 20). Not at¬ 
tacked by cone. HjSO, or HNO,. Evolves NH, 
when boiled with KOH. 

ALIO.—A prefix proposed by Michael (B. 19, 
1378) to denote unexplained <somerism; thus 
fumario acid would be called allo-maleio acid. 

ailocaffeIne c,h,n,o,. 

[19G°J. (E. Fischer, A. 215,27ft). 

Formation. —1. Obtained by action of water 
on the unstable product of addition of bromine 
to caffeine methylo-hydroxide.—2. One of the 
products of action of HCl and KCIO3 on calleino 
methylo-hydroxide (Schmidt a. Schilling, A. 
228,162). 

Small while trimetric crystals, rt: 6:<5 = 
•6953:1: ’olOl, soluble in benzene, chloroform, 
and hot water, nearly insoluble in cold water, 
sparingly in alcohol or ether. 

Beactions.—l. Decomposed by hoilin/f water 
into CO 3 and methyi-caffuric acid. Allocaffeine 
is therefore probably methyl-apocaffeine.— 2.1 
HNOs (S.G. 1*2) gives cholestrophajie, methyl- 
amine, and CO^.— 8 . HCl and KCIO, form di¬ 
methyl-alloxan, amalio acid, oholestrophane, 
methylaminc, and COj.—4. Bromine appears to 
form an addition product, but it is decomposed 
by water into allocaffeine, oholestrophane, and 
methylamino hydrobromide.—5. Boiling baryta 
forms saMosine, formic acid, and CO,. 

CoKstt^fion.—Inasmuch as it Splits off 
NMoHi in reactions where oi^eino splits off 
t&e Me (and oonse%a«itIy OI| also) must 


m 

be attached to nitrogen, the formula b^ng 
either: 

MeN—CH MeN-CO 

IS ' M 

00 0-NMe or# 00 0—NMe 
I I >CO I II >0H 

McN—C=NMe.OH MeN -C—NMe.OH 

(after Fischer) (after L. Medicus). 

ALLOPHANIC ACH) O^^N.,0, 

1. e. NHa.CO.NH.COjjH Urea v-carboxylie acid. 
The free acid splits up at once into CO, and 
urea. Its ethers arc formed by passing vapour 
of cyanic acid into alcohols: 2CONH-t-HOBt« 
NH,.CO.,Et + CONH » NH,.CO.NH.CO,Et. The 
ethers are sparingly soluble crystalline solids. 

Salts.—BaA',: obtained from the ether by 
cold baryta-water (Liebig a. Wohler, A. 69, 291). 
When boiled with water it gives off CO„ deposits 
BaCOa, and urea is left in solution. Dry dis¬ 
tillation produces basic cyanate, NH„ and CO,. 

It gives no pp. with AgNO,.—Salts of Ca, K, and 
Na have been prepared. 

Methyl allophanate NH 2 .CO.NH.CO,Me 
(lUchardson, A. 23, 138). 

Ethyl allopkanate EtA^ [191®]. 1. From 
alcohol and the vapour of cyanic acid (L. a. W.). 

2. From GlC 02 £t and urea (Wilm a. Wischin, 
SS. [2J 4, 5).—3. Together with oxamide and 
alcohol by heating urea with oxalic ether at 
135®-170® (Grabowski, A. 134,115).—4. From 
potassio cyanate, alcohol, and chloro-acctic ether 
(Saytzeff, A. 135, 230) or chloroformic ether, 
ClCO,Et (Wilm, A. 192,244).—5. From potassio 
cyanate, alcohol, and JICl (Amato, G. 3, 469). 
Small needles. Tasteless. SI. sol. cold water, 
more soluble in alcohol. V. si. sol. cold ether 
(difference from carbamio ether). At 190® it 
slowly changes to alcohol and cyanuric acid. 
Alcohol at 160® converts it into carbamio ether: 
NIl 2 .C 0 .NH.C 02 Et + II 0 Et= 2 NH 2 C 02 Et (Hof¬ 
mann, B. 4, 268). 

Acetyl derivative, NHAc.C 0 .NH.C 02 Bt, 
[107®]. Silky needles (from alcohol) (SoideI,/.jpr. 
[2] .32, 273). 

Benzoyl derivative NHBz.C 0 .NH.C 02 Et. 
[163®]. Together with alcohol, HCl, and (30, 
from benzoyl chloride and urethane (Kretsoh- 
mar, B. 8,104). 

Propyl allopkanate PrA'. [150®-160®j. 
(Cahours,/. 1874,834). 

A7nyl allopkanate CiH„A'. [162®]. From 
cyanic acid and amyl alcohol (Schlieper, A. 59,23). 
From amyl alcohol and urea (Hofmann, B.4,267). 
Unctuous pearly scales (from water). 

Oxethyl allopha^iate HO.CjH^A'. [160®J. 
From glycol and cyanic acid vapour. Shining 
laminfs (from alcohol) (Baeycr, A. 114,160). 

Di^oxy-propyl allopkanate CaHB(OH),A'. 
[160®]. From glycerin and c^nio acid vapour 
(B.). Plates (from Alcohol). Sol. water. Heated 
with baryta-water, it forma BaCO„ urea, and 
glycerin. , 

Phcnyl-allophanate PhA'. Cyanic acid 
vapour is passed into phenol; the prqduct li 
dissolved in alcohol * and ppd. by ether. 
Slender crystals. At 150® it splits up into 
cyanic acid and phenol (Tattle, J. 1857, 451). 

Propenyl-methoxy • phe7iyl-allopheh 
nate t.e. » 

NH2.C0.NH.00.0.0,H,(0,HJ.0CH,. 

From eugenol and cyanic acid vaponr (Ba^er. 



i»* „. 


4* U4i 164). Keedlei. lasol. water, SL: ioL 
eold aloohoL 

Amide ofallophanic acid 
NELCO.NH.CO.NECI'. Biuret. 

ALLOTBOPT (otheiirise turned, otherwise 
formed, from ^\or~anotbor, and r/xbroraman- 
ner) denotes the appearance ot one and the 
eame substance in several different states, dis> 
tinguished from eaoii other by different proper¬ 
ties. The term was introduced by Berzelius in 
1840 {J. No. 20 for 1839, pt. ii. p. 13), because 
he held the term * isomerism' to be inadmissible 
where the subject of modification is an elemen¬ 
tary substance, isomeric states being traceable 
to aifferent modes of combining equal numbers 
of atoms of the same elements. In the view of 
Berzelius, accordingly, the allotropic modifica¬ 
tions of the elements are not to be explained by 
differences in the arrangement of their atoms, 
but he expressed no opinion whatever about 
their actual cause. Since, however, he indicated 
it as probable that even in compounds the ele¬ 
ments retain their allotropic states, and thereby 
often occasion isomeric forms of compounds 
{J. No. 23, p. 51; No. 24, p. 32), he appears to 
have been of opinion that the cause of the allo- 
tropio transformation is to be sought in a 
change in the atoms themselves* Now that we 
have learned to appreciate more correctly the 
doctrine of Avogadro, and so have become 
accustomed to consider the molecules of the 
majority of elements as particles composed, like 
those of compounds, of several atoms, the dis¬ 
tinction introduced by Berzelius between allo¬ 
tropy and isomerism has lost its original mean¬ 
ing. But the term allotropy has been retained, 
being used, however, with reference not to ele¬ 
ments only but also to compounds. Accordingly 
we distinguish between allotropy of elements and 
allotropy of compounds. The former, accord¬ 
ing to the modern use of the expression, embraces 
all the different forms in which an element ap¬ 
pears ; the latter only those cases in which, 
while the composition remains the same, there 
is a change in the physical, but none, or at any 
rate none of any consequence, in the chemical, 
properties, thus apparently warranting the as- 
sumption that there has been no change in the 
linkage of the atoms by which, doubtless, chemi¬ 
cal behaviour is essentially determined. Allo¬ 
tropy of comjxmnds is accordingly synonymous 
with physical, as opposed to chemical, isomerism. 
But since (he two groups of properties are closely 
connected, and any change of tho physical is 
usually accompanied by a change, however 
small, of the chemical also, no sharp line is to be 
drawn between the two kinds of isomerism. 

On the other hand, the transformation of one 
allotropic fortif into another offers so many 
analogies to the iransformiition of one state of 
aggregation into another that, strictly speaking 
the lihree states of aggregation of any substance 
should be described as three allotropic modifica¬ 
tions ^ it (Lehmann, Z.K. 1877.1,97). Hitherto, 
however, it has not been usual so to describe the 
states of aggregation, and, consequently, on this 
side also, the notion of allotropy is not to be 
defined with perfect exactness. The melting of 
ice, icr example, is a transformation of the 
lighter into the heavier modification of water, 
for the particles ofitbe lighter are still retained 


In thd Hqoid itate for «nne dograas ahov* tht 
melting point, and bring it' about that ^ 
maximum of density appears not at 0^ but at 
+4°. Something similar probably takes place 
in many, if not in all, other substances, only the 
difficulties of observation are greater. But as it 
has been observed that changes in the properties 
of a substance usually proceed differently and 
follow different laws according as the substance 
is near to, or more remote from, its melting- 
point (no matter whether above or below it), we 
inay conclude that immediately below the melt¬ 
ing point the solid substance already contains 
isolated portions of the liquid modification, and 
that above the melting point the liquid body 
still contains portions of the solid modification. 
But even if we do not account these changes of 
aggregation as instances of allotropy, the num¬ 
ber of cases of allotropy as yet known, while 
suffering a very important diminution, will still 
remain pretty considerable. 

I. aLloibopi or tue Elements. —^Allotropy, 
taken in tho narrower sense, has hitherto been 
observed only in the non-mctallic or semi- 
metallic elements. Among metals proper it has 
been found only as regards crystalline form, in 
which case it is usually known ns dimorphism or 
polymorphism. Since, to the best of our present 
knowledge, the gaseous molecules of the metals 
consist of single atoms,' whilo those of the semi- 
metals and non-metals are composed of several 
atoms, the absence of allotropic modifications of 
tho metals proper tolls in favour of the present 
view, which is different from that of Berzelius, and 
is to the effeetthat allotropy of the elements, like 
isomerismof compounds,(IcpendsondilTcrencesin 
the mode of union of the atoms, and not on any 
changes in the atoms themselves. Polymor¬ 
phism, occurring as it docs even ^mong metals, 
may be explained by supposing that there ere 
dilTorenccs in the arrangements of the atoms as 
well as of the molecules, whilo the existence of 
allotropic modifications in tho melted, the dis¬ 
solved, or the gasified, state points to differences 
in tho constitution of the molecules, i.e. to dif¬ 
ferent modes of uniting the atoms to form mole¬ 
cules. 

The appearance of allotropy soems to be 
favoured by smallness of atomic weight, for not 
unfrequontly in one and the same natural family 
allotropy shows itself only in the first members, 
while the members with higher atomic weights ex¬ 
hibit it cither in some properties onlyornotatall. 
In the family of the halogens, F, Cl, Br, I, allo¬ 
tropy has not been observed, unless wc consider 
as such the splitting of molecules at high tem¬ 
peratures into separate atoms (Victor Meyer). 
Hydrogen docs not exl^bit allotropy. On tho 
other hand allotropy is found very notably in 
the first members of tho oxygen-sulphur fazwy. 
Ozone exhibits much more strongly mark^ 
chemical characters, and moreover a greater 
density, than oxygen. If the molecular weight 
of ordinary oxygon is represented by 0,, that of 
ozone is probably 0„ ozone being thus a poly- 
mcride of oxygen. Sulphur in each of its states 
of aggregation exhibits allotropic modifications, 
and these to some extent correspond with each 
other, tn the solid state it is: (1; rhombic; 

* It ehoutd Qot i» forgotten that the data are moil 
meagre. 
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Jdi CSfi (2) monodliiuo; p.al'UO, M.P» 117^ 

g ^nez)i soiubla in CS^: (8) amorphoua plastic; 

.*1*90 to 1*93, insoluble in CS^: (4) according 
to Oernez (C. 72.98,141) and Sabatier (0. Ti^lOO, 
1346) crystallised in little rods with a lustreilike 
that of mother-of'pcarl. The last modihcation 
IVtaquenne (C. R» 100, 1499) considers to be dis* 
torted rhombic crystals, which acconling to 
Oernez are very easily produced out of the fourth 
modification (0. it. 100, 1581) without being 
identical with it. Liquid sulphur is : (1) imme¬ 
diately above the melting-point thin and clear : 
(2) at about 200'^ thick and dark: (3) at about 
840° thin end dark. The vapour; (1) between 
the boiling-point (446 ’) and about 600° has 
V.D. = 6*6, molecular weight - S#: (2) above 700° 
V.D. =2*2, molecular wciglit = S... The behaviour 
of seUnion is analogous to that of sulphur. 
When solid this substance is: (1) red, amor¬ 
phous, vitreous, or pulverulent, D.“ 4*26, soluble 
in CS^: (2) red, crystalli^'cd, monoclinic, iso- 
morphouB with sulphur, D. = 4*51, soluble in 
eSa \ (3) gray, granularly crystalline, 1). = 4*80, 
insoluble in CS^. Wliether the black foliated 
crystals, insoluble in CS..., D. = 4*80, obtained from 
a solution of potassium sclenide, are identical 
with the third mo<Iificalion remains to be deter¬ 
mined. Liquid selenion is: (1) at low tem¬ 
peratures in a thin stratum light-red and 
transparent: (2) at higher temperatures, dark. 
Gaseous selenion under 1400° consists in part of 
molecules composed of more than two atoms : 
above 1400° all the molecules are diatomic, ! 
V.D. = 5*68, molecular weight Sc... Of tellurium ' 
no allotropic form is known with certainty, yet 
,it is worthy of remark that its electrical con¬ 
ductivity, liki^ that of Rolenion, but contrary 16 
that of all other conductors of the first class, 
increases with rising temperature. This may be 
explained by supposing the production of a modi 
ficutlon with bolter conductivity. As regards the 
nitrogen family, the existence of any allotropic . 
forms of nitrogen has not yet Docii conclusively ; 
proved, but solid phofiphorus exists in three ' 
forms: (1) colourless, very easily burnt, soluble | 
in CS3 and in many oils, crystallising out of i 
these solutions according to the regular system, j 
(2) red, umorplion??, D.=*2TH: (3) dark- : 
red crystallised in rhomboliedral forms, in the ; 
highest degree indifferent, D.-2'31. The last 
two forms perhaps represent one and the same 
modification. In the liquid state there seems 
to be only one modification—the ctdourle.ss ; in 
the gaseous slate, on tho contrary, tliore appear 
to be two, since fhe vapour-pressure over colour¬ 
less'phosphorus is greater than that over red at 
the same temperature, find the vapour condenses 
under certain cireuihstances into tlic one iiiodi- 
.fication and under other circumstances into the j 
Otto> Arsenic is: (1) amorphouf, D. = 4*72, . 
less easily oxidised than the following variety : 
(2) crystallised in rhomboliedral forms, D. -- 5*73. i 
'Whether explosive antimony (Gore), 1). 5-83, is | 

ft distinct modification cannot be quite definitely | 
determined, since it cannot be obtained free from - 
chloride. For ordinary antimony D. = 6’71. Of j 
iismuth allotropic modification is kuown. { 
In the oarbon family carbon exists: (1) as j 
'diftmond, regular, very hard, D.«»8*62: (2) as 
either riiombohodrol (Kjongott), or I 


j iiioti'oii&hi {^arke, 

(3) amorphous charcoal, I).«i*^to 2*30, agree* ‘ 
ing with graphite in tnai^ properties and hence 
perhaps not to be as a distinct modi¬ 

fication. Silicoftl: {If amorphoMS, easily oxi¬ 
dised : ( 2 ) crystallised according to tho regular 
system, D. = 2*20 to 2*49. The so-called graphi- 
toidal variety consists of distorted regular 
crystals. Of titaniifln afid thorium allotropic 
forniB are not known. Zirconium has boon ob-- 
tained amorphous and crystallised. Tin also 
appears to bo dimorphous. 

The element boron is probably capable ol 
allotropic modification, yet hitherto it has beeift. 
obtained pure only in tho amorphous form. 
The crystallised always contains aluminium or 
carbon. Some of tho platinum motala, namely.' 
iridium and palladinm are said to occur in tw(^ 
forms, regular and hexagonal. 8 

II. ALLoTuory of Compounds, or Puvsicalj 
I soMEinsM, may be theoretically dofinod as iso-j 
merism with identity of atomic linhige. The ‘ 
following inorganic compounds exhibit remark¬ 
able instances of allotropy: calcium carbonate' 
(as calc-spar and arragiuille) ; sitica (quartz, 
tridymito,agate) ; titanium o.rith' (rutile,brookite. 
nnatasc) ; the tu//afr's of soilinm, })otasmimidm: 
mo7iium, and silver; sodium vielaphosphate; 
arsctiious and ayitimonious oxides ; the sulpluiies . 
of magnestunty irofiy and copper; potassuiin dU 
chromate ; silver iodule .; zinc chloride; viercurte 
chloride ; manganous chloride ; and indeed many 
other substances. Many instancc.s of allotropy 
have also been observed among the coiiipouiida 
of carbon, particularly in the following sub¬ 
stances: henzophenone; hohydrobenzoin dmee- 
iatc (Zincke) ; dibromopropionic acid (Tollens) ; 
tolylphcnyl ketone ("Van Dorp, Zincko) ; vicia~ 
chloronitrobeyizcne; chloroduiitrohcnze e (1:3:4)' 
(Laubenheimer); oxycaynphoronic acid (Zepba- 
rowich); tho benzoylated and anisylated %-• 
droxylamiyics (Lessen) ; hydroqubioyic ; para-^ 
nitrophcyiol; stilbcne chloride; dihroyiiojluorene 
(Lehmann); tetramethyldiayyudv-trqdicnylmeOw 
ane ; diphcyiylnaphthyhyiethanc ; pcyitamcthyl* 
Icnhanilinc (E. Fi,-;clier, Lehmann) ; dibenzoyU- 
diamidodibroynodiphcyiyl (E. Lellmann). No 
definite and regular relation between the compo¬ 
sition of carbon compounds and the existence ot 
allotropic forms of these compounds has as yet 
boon recognised. 

The production of allotropic modifi> 
catioyiSy ayid the transforynation of one 
modijicatioyi into ayiother, are effected, as 
a general rule, by changes of temperature. Tho 
cas/-s in which wo are entirely ignorant of the 
conditions under which allotropic modificationfl 
arc produced, arc but few. Tl)#most notable is 
tluvt of one of tho n^ditications of carbon—the 
diamond, but on the other hand the transforma¬ 
tion of diamond into graphite has been observed. 
One of the allotropic states usually corre^onds 
to a specified interval of temperature, so that at 
a definite limit of tempevatiire the one nAdifica- 
tion passes into the other. Yet we frequently 
succeed in cooling the modification belonging to 
tho higher temperature below the lower limit, 
and sometimes also in heating tho otliei^odi* 
fication above this limit, without any transfor¬ 
mation taking place. But when such a raodifi- 
cation it preserved above its ffxed limit, the 
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•tftU M eqailibriuzni attained b^Ste partlbleats 
imatable, and io often destroyed by very trifling 
aauses, a partioulariy easy means of upsetting it 
being to bring the subKance into contact with a 
crystal of the modification that is stable at the 
prevailing temperature. On transformation into 
the stable form thereupon ensuing, heat is pro¬ 
duced or disappears, acconliiig as contraction or 
expansion takes placc5 TKis thermal effect may 
be very considerable. 

The temperature of transformation has been 
determined for rhombic and monoclinic sulphur 
by L. Th. lleicher {Z. K. 1884. 8, 0) to bo 95 0°. 
Below this tlic rhombic form is stable, above it 
ithe monoclinic, the other being unstable. The 
Amorphous form is unstable at all temperatures 
^low, and also for a considerable interval above, I 
the melting point; the temperature at which it j 
becomes stable has not been determined, but | 
f robably it lies not far below the boiling point, 
^hen cooled quickly both the monoclinic and ' 
the amorphous form may be kept n considerable j 
time at comparatively low temperatures. One I 
might be tempted to suppose that the inodifica- | 
Lons that iiave thus become unstable would pass ! 
■to the stable forms the more easily tlie greater ! 
me distance of their temperature from that of 
transformation; yet below the temperature of 
transformation this is not the case ; on the con¬ 
trary, transformation into the rliombic modifi- 
sation ensues the more easily the liiglicr the 
temperature and therefore the nearer it comes 
to the temperature of transformation. This is 
andoubtedly due to the circumstance that the 
mobility of the paitides increases as the tempe¬ 
rature increases. The behaviour of selenion is 
■similar to tliat of sulphur. Amorplious selenion 
is produced only above the molting point, which 
is 217°, nevei tlicless when this variety is quickly 
cooled it remains stable for some time, and 
begins to pass into the grey crystalline form only 
at 80° (Ilittorf); the progress of this change is 
however more rapid at 125°. The temperature 
of transformation of the red soluble crystals of 
selenion is about 110*^ (Mitschcriich). 

The conditions under which phosphorus 
passes from one of its modifications into another 
are very remarkable. If colourless phosphorus 
is vaporised in a vessel too small to contain 
the whole of the phosphorus as vapour, the red 
variety formed at 210° and upwards; the 
change proceeds more rapidly at 200°, and very 
quickly above 300°. Conversely, red phosphorus, 
if it can transform itself freely into vapour, and 
if the vapour is allowed to cool, is re-converted 
at 200° into the colourless form : the red modi¬ 
fication is formed only if the vapour has been 
heated above at red heat and then allowed to 
cool (Hittorf). Arsenic vapour condenses below 
220° to form amorphous arsenic; at a higher 
temperature to form crystallised. At 300° the 
formed passes into the latter with production of 
heat. Tin is converted by very great cold, under 
conditJonsnot yet exactly determined, into loosely 
cohering columnar aggregations of grey colour 
anddiminished density {Vritsche, Petri, Schertcl). 
■Light too may bring about the production of 
•Uotrqpic modifications; through its influence 
selenion and tellurium temporarily acquire a 
better electric conductivity—a fact wliich has 
jbeen applied in telegraphy. Phosphorus be* * 


i cornea red through the action of light 
tHoity likewise may oonvdrt phos^oras, in 
vacuo, into the red modification, bfit perhaps the 
transformation may be due only to the heat 
produced. 

.^inong compound substances thephenome* 
non of the transformation of one allotropic 
modification into another has been observed by 
many authors, but it has been studied witn 
special attention by 0. Lehmann and 

in later papers in Z. X.) Ho has proved that 
it obeys the same laws that hold for the ele¬ 
ments. In most cases an unstable modification, 
differing from the ordinary stable one, is ob¬ 
tained by raising a substance to a high tempera¬ 
ture and then cooling it quickly to a temperature 
a long way below that of transfonnation. It is 
supposed that in such circumstances the parti¬ 
cles do not find time and opportunity to assume 
the position of equilibrium corresponding to the 
lower temperature. The unstable state thus 
produced may bo assumed alike by solid, molted, 
and dissolved, substances, and may be main¬ 
tained, especially at pretty low temperatures, for 
a long time. In many cases, e.ff., in that of 
hydroquinone, the one modification (in this case 
the unstable) is obtained by molting or sublim¬ 
ing; the other form is obtained from solutions. In 
otlicr cases, either form may he obtained from the 
same melted body, or from the same solution, 
according as it is brought into contact with a 
crystal of the one form or of the other. If frag¬ 
ments of crystals of both modifications are in¬ 
troduced simultaneously, both of them at first 
increase in size; but as soon as the two crystal¬ 
line masses come into contact the form that is 
' stable at the prevailing temperature grows into, 

: and at the expense of, the unstable, while the 
latter dissolves or is consumed. As a general 
rule the modification that is unstable at a low 
temperature has a lower melting point than the 
I stable, so tb.at many substances on being heated 
are observed first to melt, then to solidify again, 

I with transformation into the other modification, 

I and finally to melt a second tinu'. This phono- 
I menon may be observed with special distinctness 
I in the case of dibenzoyldiamidodibromodiphcnyl, 

, because here the melting points of the two forms 
! lie unusually far apart. The needles of this 
I substance crystallised out of alcohol melt at 
I 195°, when quickly cooled the molted substanca 
solidifies to a vitreous mass, which, when again 
heated, melts at 99°, rc-solidifiesin a crystalline 
form between I2‘‘° and 130°, and tlien melts 
once more at 195° (Lellmann). 

Many compounds, especially inorganic com¬ 
pounds, behave like selenion; the form pro¬ 
duced at high temperatmUsmay remain stable far 
below the temperature of transformation, and 
may become unstable only on being heated to 
the neighbourhood of the temperature of trans¬ 
formation. Arragonite, the rhombic form of 
calcium carbonate, which separates from hot 
solutions (and according to G. Hose from vciy 
dilute cold solutions also) is perfectly stable aft 
ordinary temperatures. If, however, a crystal is 
heated, it breaks up, long before giving off car¬ 
bon dio^^de, into a mass of small ^ystals of 
calc-spar (Haidinger), thus passing over into 
the rhombohedral form, which is produced al 
lower temperatures. Bock-crystal anaamorphout 
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•uumare peneotiy at oi^ioiu^ lempora- 
turest bat at the dh^ratares of the poreelaifi*' 
kila they are*cbangea into tridymite, the third 
modifioation, which in turn is likewise stable at 
lower temperatures. As regards other substances, 
particularly organic compounds, tlie forma 40 bo 
classed as unstable usually possess much less 
stability, but still of course they are not alto* 
gothor destitute of it. This persistence in a state 
no longer completely stable may be explained by 
supposing that a certain impulse, or an increase 
cf the proper motion of the particles, is required 
to change the state—to make the particles leave 
their respective positions and pass over into now 
ones. That the change is attained most easily 
and most surely by contact with a crystal of the 
stable modification, is undoubtedly due to the 
power of every crystal to give to the particles 
settling on it a dofinito and regular orientation 
and arrarigomont. L. M, 

ALLOXAN CJI,N,0, aq (and 4aq.) 

i.c. Mesoxahjl-nrea. Mol. 

w. 142.—Discovered in 1817 by llrugnatelli, who 
named it crythric acid. Subsequently examined 
by Liebig a. Wohler (A. 20, 250), and by 
Schlieper {A. 55, 253). 

Fonmlion. - 1 . lly oxidation of uric aeid by 
UNOj (S.(f. 1-12) diluted with water (II pts.) at 
70®. By adding SnCl., alloxantin is ppd., and, 
after washing, is ro-oxidisod to alloxan by nitric 
acid (2 pis. of S.G. 1'52 mixed with 1 pt. of 
S.G. 1*42) in the cold (Liebig, A. 147, 300, BL : 


Am. 8, [ 214 ^, 81 ^;— 14 . nt/droxytamiH$ hydra- 
Myridi forms violurio acid.—15. With a dilute 
solution of pyrrol it fr^s crystalline pyrroL 
alloxan (Ciamician a. Sifber, B. 19,106,1708).— 
10. PCI 5 mixed with POCI 3 at 130® forms tetra- 
chIorO'])yrimidine (Ciamician a. Magnaghi, B. 18| 
3444). 

Metallic detivaiives. — C 4 Ag 2 N 204 .— 
C^H-NjOJigOTaq: ppd. oy mercuric nitrate.— 
Compounds with Bisulphites .— 
C 4 H;.N. 04 Nan 808 l\a(j: largo crystals, v. sol. 
water.—CJl;iN/),KHSOsaq : m. sol. cold water, 
v. sol. hot wator.-C.H.N.O^NH^nSO, (Lii 
pricht a. Wuth, A. lOH, 41). 

ALLOXANIC ACID C^H.N.O, 
i.c. NTL.CO.NH.CO.CO.COdl. Mcsoxaloxyl-urei . 
H. (alcohol) about 20. (Liebig a. Wohler, A. 2f , 
292; Schlieper, A. 55, 203 ; 56, 1; Stadeler, A , 
97,122; Baeyer, A. 119,120; 130,159). Forme i 
from alloxan by treatment with aqueous fixe [ 
alkalis or alkaline carbonates. White noodles p • 
warty masses. V. sol. water; si. sol, ether. ”, 
llcaclions. —1. Boiling the aqueous solution 
, produces CO;., Icucoturic acid (//. u.), allanturifij 
acid and hydantoi'n.—2. Alloxanates are coni^ 
verted by boilijig water into mesoxalates and 
uroa.—3. 'Nitric acid forms CO. and parabanio 
acid.—4. HI reduces it to liydantoin, giving off 
COa (Baeyer). 

Salts. The alkaline alloxanates are soluble 
in water. The normal salts of other metals 
are usually insoluble. Ferrous sulphate 
gives a dark blue pp. with potassic alloxanate. 


[2] 9,152). —2. From iirio acid and aqueous Br, 
Cl, or I (M. E. Hardy, Bl [2] 1,445).-3. From 
xanthine, KCIO3, ami HCl (E. Fischer, A. 215, 
310). 

Properties^—K warm saturated aqueous solu* 
tion deposits on cooling trimctric efilorescent 
crystals (with 4aq). If the solution is kept 
warm while evaporating monoclinic prisms (with 
aql are got. V. sol. water or alcohol, ppd. from 
solution by HNO 3 . Astringent taste, reddens 
litmus, docs not decompose (TaCOj. Aqueous 
solution turns the skin purple, imparting a pecu¬ 
liar smell. 

Reactions. —1. Hot dilute nitric acid forms 
CO.J and parabanic acid, the latter then becoming 
CO, and urea.—2. Boiling potash forms mes- 
oxalio acid and urea. - 3. Boiling very dilute 
sulphuric acid forms amnionic hydnrilate.—4. 
Boiling aqueous HCl or ILSOi forms alloxantin, 
which separates; dialuric acid,amnionic oxalate 
etc., remain in solution.—5. Boiled a long time 
with water, it forms CO„ parabanic acid, and 
alloxantin.—C. By reducing agents (IL 8 , SnCL, 
Zn and IlCl) it is converted into alloxantin, and 
finally into dialuric ^ acid.—7. Boiled with 
ammonia and sulphurous acid,\i forms ammonic 
thionurate [q. v.). ■ 8 . KHOor baryta converts it 
into alloxanio acid; baryta or lime-wittur giving 
white pps. of baric or calcic alloxanate. If the 
alkali bo in excess, the pp. contains mcsoxalate. 
9. Warm aqueous amnuynia forms a yellow 
jelly of the ammonium salt of ‘ mycomelio acid ’ 
04 H 4 N 402 (L. a. W.).—10, Ferrous sulpluite gives 
a deep blue colour.—11. Boiled with water and 
PbOj there^ results CO.^, PbCOj, and u%?a.—12. 
Boiling aqueous lead acetate forms lead mes- 
oxalate and urea.—13. Boiling aqueous NaNO, 
and ioetio acid form sodio oxalur^te (Gibbs, 


NUtCiHiNaOj. S. about 30,—BaH;;A"g2aq.— 
BaA' iaq. — CaILA"j0aq. S. 5.—CaA"5aq. — 

I CuA"4aq. S. 17 to 20. - CuA"Cu(OH) 2 . — 

I PbH,,A" 22 aq. — Pb 3 H..A" 47 aq. — PbA"aq. — 

! Pb,A"..(OH) 2 .—MgA"5jiq.-NiA"2aq.- KHA".— 

; KA"3'aq. — AgA".—SrA''4aq. — ZnH^A'jlaq.— 
ZiijOA'-^Oaq. 

Iso-alloxanic acid 04 H 4 N 20 j. Obtained by the 
action of alkalis upon tlic red substance got by 
heating alloxan at 260® (L. Hardy, A. Ch. [4] 
2, 372). A similar body may be got by the 
action of bromine-water on uric acid (Magnier 
! do la Source, BL [2J 22, 66 ). Its solution then 
gives with baryta-water a splendid violet pp. of 
baric iso-alloxanatc, which, however, when 
exposed to moist air soon changes to colourless 
baric alloxanate. 

«SaZf 5 .—(NH,) 2 A": red powder: v. sol. water 
forming a purple solution, which gives with 
AgNO^ an indigo blue pp., and with K^OO| a 
violet colour. 

ALLOXANTIN O 8 H 4 N 4 O, 3aq. 

(Liebig a. Wohler, A. 26, 202; Fritzsche, X nr. 
14, 237). 

Forynation. —1. By action ^ warm dilute 
HNOj on uric acid.- -2. By action of electrolysis 
or of reducing agents on alloxan {q. v.).—3. By 
dissolving alloxan in a concentrated aq^ieous 
solution of dialuric acid: C 4 H 2 N 2 O 4 + C 4 H 4 N 2 O 4 « 
CHn,N 40 , + HG.—4. By heating uranil gr am¬ 
monium thionurate with dilute H^S 04 .— 6 . 
action of air on dialuric acid.— 6 . In the decom¬ 
position of caffeine by chlorine.—7. By heating 
a mixture of malonic acid and urea with excess 
of pool, (Qrimaux, G. R. 87, 752; 88 , 8 ^.- 8 . 
By the prolonged action of upon di-bromo- 
barbituric acid (G.). 

Small oblique rhombic prisms, 
xt 
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Htsuit. y. d. M>1. dold water; -Girea 
wri bai;ta-watet a violet pp. Eoduoee AgNO,. 

Beactims.~l. At VO” gives hydurilio acid, 
oxalic acid, COj, CO, and NH,.—2. Oxidation 
gives alloxan.—3. RednUion forms dialurio 
acid.— i. Ammonia gas turns it red, forming 
mnrexide.—5. Aqueous ananmiiaiorma a purple 
solution, long boiling ,bleajhe3 it, uranil being 
formed. This is then converted into murexido 
by atmospheric oxidation.—6. The purplo pp. 
reduced by baryta-water disappears on boiling, 
ario alloxanate and dialuratc being formed. 

AI.LOY3.—The word alhy was originally 
employed to designate the product obtained by 
mixing gold or silver with other metals; its ap- 
jlication is now general, all mixtures or com- 
Jounds of metals with each other being named 
tUoys, except those containing mercury, which 
ire termed ‘ amalgams.’ For a detailed descrip- 
ion of special alloys, reference must bo made 
:0 one of the constituent metals ; only the 
rgeneral properties of the alloys will be here 
sonsidcred. 

On melting two metals together, or on melt- 
ng one and adding the other, complete assimi- 
stion takes place in some cases and not in 
thers. Thus, silver p.asily mixes or alloys with 
old, copper, or load; but neither silver nor 
opper can be readily induced to unite with 
iron. In the cases of those metals which do not 


class (l)i when a^y«l^ with 
roducts the conducting pwers of which fbt 
eat and for electricity are proportional to the 
relative quantities by volume of the oonstituenf 
metals; but that this is not the case with alloyi 
of tlic metals of class (1) with those of class ^2), 
nor with the alloys of metals of class (2) with 
each other. As regards conductivity for heat 
and for electricity, Wiedemann and Franz have 
added to our knowledge by showing that the 
conducting powers of metals and their aHoys for 
heat vary in a similar manner to that in which 
their conductivity for electricity varies. This 
statement has been confirmed and amplified by 
Sundall. 

Matthiessen regards alloys of the metals of 
class (1) as solidified solutions of one metal in 
the other; but supposes that metals of class (2) 
enter into alloys in an allotropic form j and he 
further supposes that when metals are alloyed 
together one or more of the metals may undergo 
allotropic change. Thus, ho regards as solidified 
solutions of the metals, alloys of lead with tin, 
cadmium with tin, zinc with tin, cadmium with 
lead, zinc with cadmium, and zinc with lead. 
He supposes that in the alloys of lead or tin 
with bismuth, tin or zinc with copper or with 
silver, one metal is dissolved in an allotropio 
modification of the other; and that in alloys of 
bismuth with gold or silver, palladium or plati- 


complctcly mix when melted together it usually 
happens that a small quantity of one is taken 
up by the other j tlms, Faraday and Stodart 
found that iron is able to absorb ij.iith of its 
weight of silver with production of a homogeneous 
alloy, theproperties of which arc considerably dif¬ 
ferent from those of iron; but that if more silver ] 
than rioih of the mass of the iron is present, the 
greater part of the silver separates during cooling, 
and that which remains can bo detected by the 
microscope. If silver is melted with addition of 
a small quantity of iron, the latter metal alloys 
to some extent; but it is impossible to obtain 
mixtures of these metals in any desired propor¬ 
tion. On the other hand, silver and copper, or 
silver and gold, form .alloys in which the propor¬ 
tion of the two metals may be varied at will. 

The physical properties of alloys are in some 
cases nearly the mean of those of their con¬ 
stituent metals: but in other cases a wide 


num with silver, or of gold with copper or 
silver, both metals exist in allotropio forms. 
Matthiessen does not, iiowever, ignore the fact 
that certain alloys contain their constituent 
met.als in simple atomic proportions; lor ex¬ 
ample, the alloys whose composition may be 
ex))ressed by the formulie AuSn,, AuSn^, and 
AuKn; but ho regards alloys of, intermediate 
composition as solidified solutions of such de¬ 
finite compounds in each other. It is knowm 
that zinc will not alloy with more than 1-2 p.o. of 
lead, nor will lead alloy with more than I'fi p.c. 
of zinc; yet, by stirring, it is possible to ob¬ 
tain rnechanicar mixtures of such alloys with 
excess of one or other metal. Such mixtures 
are placed by Matthiessen in a class by them¬ 
selves. Most of the alloys of silver and copper 
with each other are regarded by him as mixtures 
of various solidified solutions. The hypothesis 
of the existence in an alloy of one of the con- 


differcnce is observable between the properties 
of the alloy and the properties of the metals 
which have been used to form it. Matthiessen, 
to whom we owe most of our knowledge of the 
properties of alloys, divide.? all metals into two 
classes: (1) those which impart to an alloy their 
own physical properties, to a less or gre.aP r ilegree, 
according to thf proportion in whi<'h they them¬ 
selves exist in the alloy; ard (2) thosn which do 
not cmuc under class (1). To the first class 
belong the metals lead, tin, zinc, and cadmium; 
and to the second, in all probability, the other 
metalj. The alloys themselves may also be 
divided into three group.?; (n) those made of the 
metals belonging to class (1), (6) those rn.ade of 
metals of class (1) with class (2); and (c) those 
made of class (2) with one another. This classi- 
ficatian is largely based on the rel.ativc conduc¬ 
tivity for electricity of the metals and of the 
alloys which they form with each other. 
Afatthiessen found that the metals placed in 


stitiient mcl.-ds in an allotropic form has re¬ 
ceived a certain degree of confirmation from 
c.xpcrimeut.s hy Deville and Dehray, who have 
ohserved that the .ridium seiiarateil hy the action 
of an acid on an alloy of that metal with zino 
e.vplodcs when heat- d to 300 and is changed by 
llie explo.sion into ordinary iridium. Wiedemann 
has suggested that the c^tutiandion of alloys after 
solidification, which sometimes goes on for days, 
is duo to the gradual occurrence of an allotropio 
change in'tho constituent metals, one modifica¬ 
tion being stable at high, and the other at low, 
temperatures. If the hypothesis of the oocurrenoa 
of al lotropio change during the formation of oer- 
tain alloys is tenable, it is remarkable tbateuoh 
allotropic modifications of metals should bo pro¬ 
ducible by pressure; for Spring has succeeded 
in prodacing Wood’s alloy (containiffg bismuth, 
cadmium, and tin), and also brass, bbt the latitt 
only partially, by exposing mixtures of UStOlt 
in fins povfdsr to very high ptessnres. 
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ftB^alo^ aliloi^ and solutions. It is wsU 

known ihai the oondactiyitj of water for eloo- 
(rioify is nearl;^ ni]» but becomes considerable 
when the minutest trace of'an}r salt is dissolved 
in it. Similarly, the conductivity of copper is 
greatly diminished by the admixture witlgit of 
minute quantities of other metah. Moreover, 
in many other cases a great modification is pro¬ 
duced in the tenacity, malleability, (&c., of metals 
by very small additions of foreign substances; 
as, for example, by the addition of smal! quan¬ 
tities of carbon, silicon, sulphur, or phosjdiorus, 
to iron, of phosiihorus to copper, or of mag¬ 
nesium to nickel. And just as an aqueous 
solution of a salt must be heated to a tempera¬ 
ture higher than that of the boiling-point of 
water before tlie whole of the water is removed, 
so it has been found that alloys of zinc, sodium, 
mercury, Ac., must be heated to temperatures 
above those at which these metals volatilise 
before the metals in question are entirely re¬ 
moved from the alloys. The analogy between 
alloys and solutions has been strikingly sho\s'n 
by Guthrie. This physicist has found that that 
alloy of two metals wliich has the lowest melting- 
point does not contain the metals in atomic pro¬ 
portion, but is strikingly similar to an ‘ alloy ’ 
of two salts, such as that of nitrate of potassium 
and nitrate of load. Alloys were obtained by 
him of bismuth and zinc (I3i“ 92*85 p.c. 
Za = 7*15 p.c.), melting at 218®; of bismuth and 
tin (Ci-KM p.c. yn»63*9 p.c.), melting at 
133®; of bismuth and lead (13i = 65*58 p.c. 
Pb =! 41*42 p.c.), melting at 122*7®; and of bismuth 
and cadmium (Bi^ 59*19 p.c. Cd = 40*81 p.c.), 
melting at 144®. None of these alloys contains 
the metals in the proportion of their atomic 
weights, and the melting-point of each alloy is 
the lowest of all possible alloys of the spcciiicd 
pair of metals. Such alloys are termed by 
Guthrie cutcctic alloys; they appear to bo in 
some sense solidified solutions, resembling eiyo- 
hydrates. Wc are still igqprant of the true 
nature of such mixtures, if mixtures they be. 

Spring (J), 15, 695) has prnpare<l several 
alloys by subjecting mixtures of the constituent 
metals to pressures of about 7,000 atrnos. In 
this way lie obtained brass, Wood’s alloy (Bi, 
Cd, and Sn), and Hose’s alloy (Bi, Pb, and Sn). 

References. —Matthiessen, B, A. 18f)3, 37; 
and C. J. Trans. 18C7,201; also P. R. 1. March 
20th, 1808. Deville and Debray, C.R. 91,1557. 
Spring, B. 15, 595. Wiedemann, W. 3, 237-250. 
Crookewit, A. 08, 290. Fiirstenbach, Bayerisches 
Industrie- und Gewcrbchlait, 1809. Snndall, 
A. Ch. 119,141. Craee-Calvort a. Johnson, A, 
Ch. 45, 454. Guthri& P. M. June, 1884. 

W. IX. 

ALLITRASIC ACID C,H,N,0, (?). I'onned 
by evaporating an aqueous soluliqp of equiva¬ 
lent quantities of urea and alloxan (Mulder, B. 
0,1012). Crystals; si. sol. water. AgA'2aq. 

ALLYt.—The radicle CH,:CII.Cn, is called 
Allyl, the isomeric radicle CH,.CH;CH beiiig 
termed Propenyl, 

DI.ALI.YLC,H,„t.(j.OH,:CH.OH..OH,.CH;Cn,. 

Ilex-ihene. Mol. w. 82. (69*3®) al 70»9 mm. 
(Il.Sohiflt A.220,91); (69*6®) (Zander, A. 214, 
U8). 8.O. -oess: j -7074 (Z.) i V -088 (Briihl). 


OJ8.: i(P-I(W -00188! (ll-9'’-69-8n 00158. 
e.V. 12S-8 (ft); 125-7 (Z,). Y.D. 2-84 {tov 2-84). 
H.F.p. - 9260. H.P.t. - 11680 (Thomsen). 
ft»^l^i079. 46-99 (B^. Critical iemperatun 

Formation. —1. Jrom allyl iodide and Na 
(Borihelot a. do Luca, A. 100, 301), an alloy oi 
sodinin and tin (Wiirtz a. Leclanch6, A. Ch. [4] 
3, 155), or iron (Linnemann, Bl. [2J 7, 424).— 
2. By liealing mercury allyl iodide, IHgCjHi. 
alone (Linnemann, A. 140,180) or with aqueous 
KCy (Opi)cnheim, j5.-4, 072). 

Reactions. —1. Oxidised by chroi^ acid 
mixture gives carbonic and acetic acids.—2. 
Oxidised by KMnO^ in neutral solution gives 
CO;., acetic, oxalic, and succinic acids.—3. 
Oxidised by KMn 04 in acid solution gives CO^, 
acetic acid, and succinic acid (E. Sorokin, pr, 
131, 1). 

Constitution.—The formation of acetic acid 
by oxidation of di-allyl 'seems to favour the 
formula Cria.ClLCH.ClLCH.CHj; while the for¬ 
mation of succinic acid is more in accordance 
with the formula CH.,:CII.CH.,.CH 2 .CH:CH. 4 , a 
formula that is further supported by the con¬ 
version of di-allyl into di*propargyl. The oxalic 
acid may be supposed to be formeil by oxidation 
of the succinic acid. Acetic acid may be con¬ 
sidered to bo formed from intermediate hydrates* 
CHa CJr(OH).CH2.CH...CH:CH3 
and Cir 3 .Cli(OH).CII,.CH., CH(On).CH,. 
These bodies do, in fact, yield acetic acid when 
oxidised. According to BabuncclT {J. B. 1885, 
35) di-allyl forms two tetrabroraides and must 
tlicrcfore be a mixture of two hydrocarbons. 

ComOinations. —1. Wlicn gaseous Hlispassed 
into strongly cooled di-allvl, combination takes 
place, the product Cir 3 .CllI,CH^.CU. 4 .CHI.C^ 
being formed, v. lono-iir.xANKs.—2. A smaller 
quantity of III forms llio mono-hydro-iodide, 
(1(>5®), also formed from preceding by 
alcoholic KOII (y.Iono-UKXYLK.NK).- 3. Similarly, 
fuming HCl forms two hydrocldorides.—4, 
IIOCl forms CJl,„{nOCl),, di-chloro-di-oxy- 
bexane (//. y.).—5. Br forms tetra-bromo-hexane. 

ALLYL ACETATE CJl,0.. i.e. CJljC.ilA, 
Mol.w. 100. (103®-103*5®) at 735 mm.(li, Schiff, 
A. 220,109), S.G. *9270 (Brulil). S.V. 121*37 
(S.). Msl'llOC). 42*21 (B.). 

ALLYL-ACETIC ACID 

i.c. Cir.:CH.ClJi.crr 2 .CO,n. PentenoU 
acid. (185®-188® cor,). S.O. 4? *9806; If 
•9842; ^ *9707. M.M. (i-120 at 14® (Perkin, 
0. J. -19, 211). Prepared by heating ally!- 
malonic acid (Conrad a. BiscliolT, B. 13, 598) or 
from allyl-aceto-acelic ether (Zoullor, B. 8,1035), 
Combines with Br.^ or JIBr. Not reduced by 
sodium-aiualgnm. Oxidised by chromic acid 
to succinic and formic acids. • 

fS a 118.—KA': scales; v. sol. water; solution 
not ppd. by Pc^Cl^.—CaA';, 2aq.: iamin®.— 
Ba.\.'.. 2aq.-“AgA' (Messersclimidt, A. 208, 92), 
Ether.—EtA': (l-ia-’-ltr). * 

DI-ALLYL-ACETIC ACID C,H, .0., tA 
(C,1I,),CH.CO.,H. Octinoieacid. (-’■20'’nO.9.B.)| 
(m-.-hr) (H.); (U.); (2270 oor.). 

K.(i. y -9370; l? -9555; -'.Hgi. M.M. 10-344 

at (I’evldii, C. J. 49, 212). 

Fm maiinn. - From (It-allyl-nccto-aeeiio ether 
(Woia, A. -JOl, 49; Beboul, Bl. [2] 29,928) or 
tram ^-allyl-malanic acid (Conrad a. Bistmott. 



ill 




Jl;' U) <68). Wttm 

^.«.) ^'tMoetim (^hatzbr, JL B. 17.79). 

Properties. Oil, of disagreeable Moor. 
Insol. water. Volatile mth steam. 

Beactions. —1. ConoSjHBr foims, probably, 
•n addition product (G7I,!iOHBr.CH,),CH.CO;,H 
which instantly splits off IIBr forming 

^'CO.O 

». Bbomo-osy-octoic acid (Iljelt, A. 216, 73).— 
9. Br in CHCl, forms, probably, an addition 
compound, (OH.,Br.CHBr.CfL),CH.CO,H, but 
this instantly splits up into HBr and a lactone 
XH,..CH.CH.,Br 
CH,Br.CHBr.CH,.CH< ' | 

\ CO.O 

O. IW-BBOMO-OYT-OCTOIO ACID. 

—8. HNOj (S.G 1'3) forms tri-oarballylio acid 

(W.). 

Salts.—CaA'.,2aq;leaflets.—AgA'. S. '41 at 
16®. Ethor.-EtA' (195®) (It.). 

AllYt-ACETO-ACEIIC ETHER v. pp. 23,25. 
ALLYL-ACETONE 
C.H,„0 i.e. CII,:CH.CH.,.CHj.CO.CH, 
Methyl butmyl ketone. (129®). S.O. ”5 -SSI. 
Prom allyl-aoeto-acetic other (Zeidler, A. 187,35). 
Unpleasant smell. Forms with NaHSO, an 
amorphous compound, C.IIioO 2NaHS03 (0. 
Hofmann, A. 201, 81). Itcduced by sodium- 
amalgam to hcxenyl alcohol (q. v.). 
DI-AILYL-ACETONE 
C,II|,0 i.e. (C,H,)XH.CO.CII,. (176®). 

From di-allyl-aoeto-acetic ether (Wolff, A. 
201, 47). 

ALLYli-ACETOFHEHONE v.Phenyl butenyd 

BBTOHE. 

ALLYL-ACETOXIH 
C.H„ON i.e. CJU.CH.,.C(N.OH) CH, 


hiinni in dt soda-wAtat bottle W 19(1*. ^ 

^eld is excellent (Niedsristi A. Y96,859}. * 
PrcMration.—Glycerine (400 pts.) is slowly 
distilled with crystallised cxalio acid (100 pts.) 
and a little ammonio chloride (1 pi), to con* 
vert any potassio oxalate into chloride. The 
reccifer is changed at 190®, and the distilla¬ 
tion continued up to 260°. The distillate, 
containing aqueous allyl alcohol, allyl formate, 
acrolein, and glycerin, is rectified, dried, first 
with ICCOj, then over solid pota.sh, and dis¬ 
tilled. It then boils at 90°, but when the last 
traces of water are removed by quicklime, it 
boils at 96°. The yield is one-fifth of the 
weight of oxalic acid used (Tollens a. Hen- 
ninger, Bl. [2] 9, 391; Bruhl, A. 200, 174; 
Linnemann, B. 7, 854). 

Theory of the Process. — Carbonic acid is 
first evolved freely (at 130°), but formic acid 
which must be produced at the same time 
(ILC.^O,= CO., + HjCO.,) reacts upon glycerin, 
producing monoformin : C,H.,(OH), + H^CO, 
= H.jO + C3H5(0H)2(0CII0). The monoformin 
can be extracted with ether, and boils about 
16.5° in vacuo. When distilled, monoformin 
splits up into allyl alcohol and carbonic acid: 

C,ri,(OH),(OCIIO) = CO., H,,0 + C JI,(OH) 
(Tollens, A. 156,140). When a large quantity 
of oxalic acid is used, the excess of formic acid 
does not produce diforrain, but comes off as 
formic acid (q. v.). 

Properties. —A pungent liquid, with a burning 
taste. It mixes with water, alcohol, and ether. 

Constitution .—That allyl alcohol bus the for¬ 
mula CH,,:On.CH,OH and not CH,.CH;CU.OH 
may be inferred from the fact that it yields 
no acetic acid when oxidised by nitric acid. 

A similar remark applies to allyl iodide (Kekulfi 
a. llinno, B. 6, 386). . 

Beactions. —1. Chromic acid oxidises it to 


(188° corr.). Formed by the action of hydroxyla- ' ^ 

mineonallyl-acetone. Liquid. Sohible in alcohol, odour which may he due to 

ether, benzene, CS.„ ligroinc, acids, and alkalis! 's. ohscrved JHofmann a. Cahours, A. 


100, 257; Kinno a. Tollens, A, 151), 110).—2. 


By aqueous acids it is resolved into its consti- , When ailyl^c<;horisl,iai;!i; wHirhwe^ti:^ c 


tuents. It combines with bromine to form a ! 


di-bromide (Nageli, B. 16, 496). 

AUYL AlCOHOL 
C,H,0 t.c. ClI,:CH.Cir,OH. [-50°]. {96-6°). 
S.G,g*870C; -8576. S.V.7‘119. C.E. (0°-20'=) 

•00104 (Thorp©, C. J. 37. 20S). S.H. •0500 


denser, for 5 hours in a water-bath with einc 
and dilute about 10 p.r*. ia reduced 

to ?t-propyl alcohol: CPL:CH.CH/)II + 
CIIs.CHjj.CH^OH (Linnemann, B. 7, 802).—8. 
yolidpof/Mh at 100^-160®, in a flask with in- 
; vorted condenser, forms n-propyl alcohol (by 


^U, P, [2J 13, 447). H.F.p. 

29,750. K(X) 27*09 (Briihl, A. 200,175). j alcohol, hydrogen, and other products (Tollens, 
Occurrence.~ CrndQ wood spirit contains not | A. 169, 92).—4. rufassium displaces hydrogen, 


31,200. ; reduction), formic acid (by oxidation), ethyl 
). 175). i alcohol, hvdroecn. and other nrodneta rPollena 


more than one-hfth per cent. (Aronheim, B. 
7,1381; Grodzki a. Kriimer, B. 7,1492). 

Forvmtkni. — 1. Dry gaseous ammonia is 
passed into oxalate of allyl till a solid muss of 
oxamidc, saturak.d with allyl alcohol, is 
obtained. The latter is tj?en distilled off 
(Zinin, A. 96, 362).—2. Produced, together with 
isopropyl alcohol and acropinacone (g. v.), 
Vhea acrolein is treated with zinc and hydro¬ 
chloric acid (Linnemann, A, Suppl. 8, 257).— 
8. By tlft action of sodium on dichlorhydrin 
(Hiibner a. Muller, Z. 0. 344). — 4. The two 
atoms of chlorine may also bo removed from 
dichlorhydrin by sodium-amalgam (Lourenyo, 
Ae Ch, 67, 323), or bv copper and potassic 
iodide (Swarts, Z. 1868, 259).—6. Allyl iodide 
0 pt-)« heated with water (20 pts.) for 60 


forming gelatinous potassio allylato.—5. II.SO, 
forms (CjHJHSO,.—6. Dilute H^SO, or HCl at 
100® forms an alilehyile, CuU,jO (o. 137°) (Solo, 
nina, J. H. 1885, i. 145). 

Combinations.—1. Wifti chlorine it forms 
«-diehlorhydrin CH.,Cl.CIICl.CII,OH (q. «.)— 

2. With bromine it forms a dibromide, called 
also dibromhydrin, CHBr.CHBr.CH.jOH, (214°). 
60 grms. Br arc dissolved in 300 grms. CSj and 
dropped slowly (in 4 hours) into a solution of 
20 grms. of allyl alcohol m 100 grms. of OSj. 
The product is distilled in vacuo (Michael a. 
Norton, Am. 2, 10 ; compare ICckulo, A. Suppl. 
1, 138; Markownikoff, J. 1804, 490). Linno- 
maun saysithere are two bromides (B. 77859).— 

3. When iodine is added to a solutioif of ally) 
alcohol in CHCl., it oombines, and on evapora- 




as aaadlaa. 

Diliiie Nii^O, oonverttthis into iodallyl alcohol 
tieOT (Habnei a. LoUmann, S. 14, 207).—4. ICl 
unites, forming OAIOUGH) (Henry, B. 3, 
851).- 6 . With cyanogen it unites, forming 
O.Hi(CN),(OH), (1510) (Tollens, B. 6 ,1045).-C. 
BoO combines, forming Ba 0 , 2 C 3 H„ 0 .—7. HCIO 
unites, forming a little chlorhydrin (q. u.)T— 8 . 
Chloral combines with allyl alcohol; tlio com¬ 
pound, CCl 3 .Cn( 0 H)( 0 C,IIJ [ 20 - 50 ], (llfio), is 
analogous to chloral alcoholate (Oglialoro, C. 
4,463). 

DI.AlITI.j;-AMIDO.BEXZOIC ACID 
C„H„KO, i.c. (C,iy ,N.C,H,.CO,Il [127°]. From 
allyl iodide and potassio j)-amido-bcnzoato 
(Miohacl a. Wing, Am. 7,198). 

Di-allyl.>K-amido-beazoic acid [90°] (Griess, 

B. 5,1041).-IIA'HClaq. 
DI-ALIYt-AMIDO-ETHYL AICOHOL v. 

0XYETHVL-DI-AIJ,YI.AMINE. 

AILYLAMINE CjH,N i.e. CII.,:CH.CH,.NH,, 
Mol. w. 57. (500) 5 , 55 ). (ggoj 

(Oeser, A. 1.34, 7). S.G. -804 (0. S.V. 78-38 
(S.). H.F.p.-1140. H.F.V.-2880. 

Formation.—1. From allyl cyanato (Cahours 
a. Hofmann, A. 102, 301).—2. From oil of 
mustard, Kn, and HCl (0.).—3. From oil of 
mustard and cone. H,80, (Hofmann, B. 1, 182; 
Kinne, A. 108, 202). 

Properties.— Liquid with pungent nmmoniacal 
odour. Mi.scible with water. Strong base. 
Dissolves ppd. Cu(OH )2 and Ag.O. 

Hcttctiom, —1. Combines with bromine.—2. 
HaSO, at 140° forms a compound which, on 
pouring into water, produces oxy-propyl-amine 
H0 .C,H..NHj. 

■ Salts.—(li'IICl)-l’tCl,: monoclinic tables. 
Changed by boiling into (B'HCl),PtClj (Lieber- 
mann a. PaalsB.10,530).—B'., Il.,SO,(Andreasch, 
M. 5, 33). 

Di-allyl-amine CJI,,N i.e. (C,Hj).NH 
(111°) (Ladenburg, B. 14,1879). 

Tri-allyl-amine C,H|jN i.e. (CjHJjN. 
(150° i.V.) S.O. g -8200. S.y. 200-3 (Zander). 

C. E. (00-10°) -00103. Formed when tetra- 
allyl-amraonium hydroxide is distilled (C. a. H.; 
Pinner, B. 12,2054 ; Grosheintz, Bt. 31,391).— 
B IlCl.-B'.H.,PtCl,. 

Tetra.aliyl-ammoninm hydrate (C.,H.),NOH; 
liquid. — ((C 3 Hj),NCl)jPtCl,. — (C,H.),NBr. — 
(CaHj),NI. The three last are crystalline 
(C. a. H.). 

ALLYL-AMYL-AMINE C,H„N i.e. 
(C,H„)(C,U„)NH. (c. 150°). S.G. (g -777. 

From amyl bromide and allyl-amine (Lieber- 
mann a. Paul, It. 10, 531). 

AILYL AMYL OXIDE C,H,„0 i.e. C JI,, .0,a,Hj 
(120°) (Berthelot a. do Luca, A. Gh. [,3] 48,292).^ 
ALLYL-ANILINE'C,H„N i.e. PhN(C,H,)II, 
(209°). S.G. M -982 (Schiff, A. Suppl. 3, 304). 

Di-allyl-auiline C„n,jN i.e. PhN(CsIIj).,. 
(244°). S.G. § -9680. S.V. 225-2*(Zander, A. 
214,149). C. E. (0°-10°) -00083. 

ALLYt-BENZENEC.H„i.c.Ph.CH:CH.CH,(?) 
Plienyl-propylerte. Propenyl-besnscne. Mol. w. 
118. (175°) (P.); (178°) (li.). S.G. w . 92 . 

Formation. — 1 . By-product in action of 
Bodium-^algam on warm aqueous cinnamyl j 
alcohol (Fittig a. Kriigcnor,B.6,214; Itughcimer, i 
A. 172,129).—2. From propyl-benzene by Br at ; 
100 ° and distilling the product (Radziszewski, 


O. S. 78, U63)! FhO.H,Br-PhC.H,-fHBr. 
I So prepared it boils at (105°), and its di-bromid* 
I forms needles—3. From bromo-hydro-phenyl- 
' crotonio acid (Pefkin, C. J. 32, 6 M).—4. From 
chloro-propyl-bonzene ,\nd alcoholic potash 
(Errera, 0. 14, 504). f 

Di-bromido C,,H,,Jlrj [66-5°]. Plates or 
needles. On distiliation it yields an allyl- 
benzene (178°), which polymerises forming a 
viscid solid (330°). 

Iso-allyl-benzone Ph.CIL.Cn:CIL(7) (155°). 
Chojnacki (C. B. 76, 1413) got this body from 
allyl iodide or bromide, benzene, and zinc dust at 
100°. Others have failed to get it. Allyl 
chloride, benzene, and ALCI, give di-phcnyl pro- 
jiane, CH,.CHPh.CILPli, and js-propyl-benzena 
(q. V.) (Wispok a. Zuber, A. 218, 378). 

ALLYL BENZOATE v. Bk.nzoic acid. 

ALLYL-BENZOYL-ACETIC ACID C,..H,,0, 
t.c.BzCH(C,ir,)CO-H [122°-125°]. From benzoyl- 
acetic ether, NaOEt, and allyl iodide. The result¬ 
ing ether is saponified by standing for three 
weeks with dilute alcoholic KOIl (W. H. Perkin, 
jun., C. J. 45,186; 47,240). Colourless crystals- 

heaction.—BoWcA witli dilute alcoholic KOH 
forms phenyl butenyl ketone (q. v.), benzoic acid 
and (probably) allyl-acetic acid. 

Etlier.—KtA' (220' ) at 100 mm.; (241°) at 
225 mm. Combines with Br. 

ALLYL BORATE C„H, 5 BO, i.e. (C,H0,BO, 
(168'-175°). From B-^O, and allyl alcohol at 
130° (Councler, J. pr. [2] 18, 376). Combines 
with bromine, forming ( 0 , 11 .lir ),lit),. 

ALLYL BROMIDE C,H,I!r CH .:CH.CH Br 
(71°). 8 .O. g 1-459: 15 1-430. ‘ S.V. 90-5 

(Zander, A. 214, 144). CE.(0°-10°) -00123- 
H.F.p.-310 ; H.F.V.-1600. 

Fonmition.—l. From alljl alcohol, bromine- 
and phosphorus (Tollens, A. 156,1521.—2. From 
glycerine and PBr, (Henry, Z. [2] 6 , 575).— 

3. From allyl iodide and cupric bromide; 
2 C 3 H,I + 2CuRr., = Br, + Cu,I, t2C,n,Br (Oppen- 
heim, B. 3, 442). 

Bccjiaraiion.—Potassio biomide, hydric sul¬ 
phate (2 pts.), and water (1 pt.) are warmed till 
hydric bromide begins to oomo off. Allyl alcohol 
is then dropped in (Grosheintz, Bl. 30, 96). 

Combinations.—1. With concentrated hydric 
bromiilc forms a mixture of propylene bromide 
(CH;,.CHBr.CH,.Br) and trimetliyiene bromide 
(CII,Br.CH,.CILRr) which may be separated by 
distillation (Geromont, A. 158, 369).—2. With 
dry HBr it forms chiefly trimethylene bromide 
{q. v.).— 'i. With bromine it forms tribromhydri» 
(q. 11 .).-4. With ICl it forms C,H,lClRr.-5. 
With ClBr at 20° forms C,H,ClBr„ but at 100° 
foi'iiis C^H.Cl^Br (M. Simpson, Pr. 27, 119).— 

6 . With HCIO it produces C,II,(OH)BrCl.— 

7. It combines with NEt,. • 

ALLYL BUTYRATE v. BuTTnic acid. 

ALLYL-ISO-BUTYL-MAIONIC ETHER 

C„H..,0. i.e. (C 3 H,)C(C,H.)(C 0 ,E 1 )., (247°-250°)- 
Fi'om di-sodio-malouic ether, allyl ioiSde, ani 
iso-butyl iodide (Ballo, B. 14, 335). On saponi- 
fication it gives an acid [129°] which appears to 
bo propyl-iso-butyl-raalonio acid. 

ALLYL CARBAMINE 0,H,N i.s. 
CH,;Cn.CHj.NC (90°-106°). S.G. U .794 
Produced by the action of silver cyanide on ^lyl 
iodide. It is a liquid of disagreeable odour 
Somewhat soluble in water (Lieke. A. 112, 316). 



Olillttjnrdt W Mmstn wKnoiiv 
Bl^&lilVB-si-OBiiOSBtDBiii aBijCLa, 
U Cja„(OH)jCl,. From HCIO ona di.aUyl 
(Praybytek, B. 18,1360; Lauch, B. 18, 2288). 

AILTI. CHXOEIDE (iH.Cl».«. CH,:CH.CH,C1 
(46») (Thorpe); (ll-CyV' M4 mm. (Bruhl). 
as. * -9647; ^ -9379 (Biuhl). C.E. (O’-IO") 
•00137. S.V. 84-7 (Zander). S.II. •.’(OSl 
(Reis). ja« l-i225. B* 3203 (Biiihl). 
H.F.p. 7100. H.i’.v.*69«. M.M. 6008 at 
19-6°. 

Fonmtion.^1. From allyl ioditle and H^^Cla. 

2. From allyl oxalate, calcic chloride, and 
alcohol (Oi’ponhcini, A. 140, 205).—3. From 
Hitllyl alcohol and HOI in sealed tubes. 

Prc2wm/i'>«.- From allyl alcohol and PClj 
(Tollens, A. 150, 151). 

Properties. —1. Alcoholic po^ns/t, oven below 
100®, converts it into ethyl allyl oxide. Tiio 
isomeric chloroproj)y!cne (2»)®) is converted by 
alcoholic potash at 120® into allylene.—2. HCiO 
unites, formiu}' unsynunetriciil dichlorliydrin, 
OH.,Cl.CHCl.CILOII,ordichlorideofallylaIcohol. 
"iThia body, when oxidised by IINO^, is converted 
into dichloropropionic acid (Henry, /?. 7, 757).— 

3. HCl combines, forming CH,.C1IC1.CH..C1.— 

4. HBr forms CH.Br.CH...CH..CI, together 
with a little Cir..CHBr.CIL01.^5. Warmed 
with H.^SO^ and then diluted and distilled, 
propylene chlorliydrin is produced (Oppen- 
helm, A. Siippl. 6, 307).—0. Bromine com¬ 
bines, forming C.JI-Cl.Biv—7. With poAi.i.sic 
cyanide in presence of dilute alcohol it forms 
cbielly pyrotartaric acid, also propylene cyanide 
(Glaus, A. 1!)1, 38) and triallylamine (Pinner, 

B. 12,2053). The reactions in this case are: (a) 
CH./.CH.CH .Cl + KCN - KCl + CH..:CH.CH ..CN. 

(b) CH.:CH.CH.CN 4-HCN-CH3.Cri(CN).CH.CN 

(c) CH3 .CH(CN).CH.,Cx\ f 2KOII + 211,0 - 
2NHg + CH3.CH(CO.;k).CH.j.CO.jK (pyrotartrate). 
The liberated ammonia forms the triallylamine. 
8, With hemoie, in presence of aluminium 
chloride, forms diphenylpropane: O^H-CU 20^11^ 
*HC1 + (CeH,)..C.,H, (Silva, CM. 80, OOi.). 

ALLYL-P8EUD0-CUMYL-PHTHAL-AMIDE. 
C«Hj.,NA»-«'C6H,Me3.N]I.CO.C.TI,.CO.KIiajI,. 
(179®j. Silky needles. Kasily soluble in alcohol. 
Formed by the action of aliylaininc on phthal- 
pseudo-cumidine (Frolilich, i>’. 17, 1808). 

AZ.LYL CYANAMIDE 

C, H,0, Jaq, U. (CNhNTICJIJx. Sinr.mine 
[100®]. From allyl-thio-nrca and rb(Cli);^ 
or HgO. (Will, A. 52, 15; Andreasch, M. 2, 
780; llobiquet a. Bussy, tApr. U», 231). Alka¬ 
line. Sol. water, alcohol, and ether. Forms 
compounds with flgCL, .‘,PtCI„ and oxalic aciil. 

ALLYL CYANATE* G.II NO i.c. C,H,N.C;0. 
Allyl carbimidc. (82®). V.H. 3*05 (for 2-88). J''rum 
allyl iodide and ilver cyanato (Calmurs a. Hof- 
marm, Tr. 1857, 555). , 

ALLYL CYANIDE C,H,N i.e. CK,:CH.CH,CN. 
OrplonUrile. Mol. w. 67. (119® cor.). S.Cr.^ 'BiOl; 
•IS-8351; -8398. 

Fwimtion.- X. By ppg. potassio myronato 
(5. tJ.) frith silver nitrate and treating tlie pp. 
with hydric sulphide C^Ii^Ag.NS.O^-i H.^S« 

+ AgjS + S 4 U5SO1.—2. Duringthefcrinen- 
tation of black mustard. -3. FYom allylinustard 
oil by zjne dust: Cy [j,NCS ^ Zn - ZnS + C3H.,CN 
(Schwarz, B. 15, 2508).—4. Fmin allyl 
lulpliocyanide aad so^lium (Billotcr, U. 8, 405). 


. 1 ^ 

KCy lor dftyn it XIO^ 
washed, dried, am heated again witn^ SCy ai 
110®. It is then washed, dried over CaOL, dis* 
tilled, freed from oarbamine by shaking with • 
little HNO 3 , and rectified (Uinno a. Tollens, 
A. IM, 106). 

iVoperto.—Liquid smelling faintly of garlic. 

Rcactiom.-X. Aqueous or alcoholic pofas/i 
forms NH 3 , and solid crotonic acid [72®]. The 
formation of this crotonic acid may bo explained 
by the assumption that 8 -oxybutvrate is first 
formed: CH..:CH.CH..CN - 1 - K01£ - 1 - 2ILO« 
NH 3 + CIl 3 .CH(OH).CH,,.CO.JC, and that ’thia 
splits off water : ClT 3 .Cil( 0 U).CH 3 .C 03 K« 
iL.O + GHa.ClhCH.CO.K, forming potassio 
crotonate. This view is supported by the be¬ 
haviour of allyl cyanide towards HCl.—2. With 
fuming hydric chloride at 60® it forms /3-chloro- 
butvric acid: Cri.:CIf.CIL.CN + 2I[Cl + 2rLO«i 
Nli,Cl + Clf 3 .CnCI.CH,.CO,TI. This is an'un- 
stable acid, which easily changes to crotonic 
acid. -3. JINO,, forms acetic and oxalic acids.— 
4. CrOj forma acetic aciil. 

Cotnbi)uitions.~-X. With alcohol. Wlien 
potassio cyanide acts on allyl iodide in alcoholio 
solution, a compound of allyl cyanide and 
alcohol, of boiling point (174®), is obtained: 
Crr,:Cn.CH,CN - liOKt-CiI,.CIi(OKt).CJL,.CN. 
Saponified by strong HCl, this hn-ins ethoxv- 
biityramide, CU,.CH{OKt).CH.CONlL [71®J, 
which, when warmed with 1101 , gives ethoxy- 
butyric acid, Cll 3 .CH(OKt).CH,.CO,H, boiling 
about 215°. Saponified by potash, the com¬ 
pound of allyl cyanide and alcohol (/3-etlioxy. 
Imtvronitrile) gives ordinary crotonic acid as 
follows : Cir 3 . 0 n(OT:t).CIl,,'.ON + K()H4 II 3 O- 
NH 3 + HOKt 4 Oir 3 .CIl:CU.CO,K (Kinne, B. 
C, 389). Dry hydrogen chloride /■oiiveits tho 
compound of allyl c^-anido and alcoliol into 
the chloride of ^-c)ilorobutyrimid-<'thev (160®), 
OH 3 .C 11 C 1 .CIL.C(OKi?.N'II. This last comi)Ound 
is conv(‘rtod by alcoholic potash into crotonic 
acid (Tinner, B. 17, 2007). 

2. With allylaXcohol. A similar compound, 
CIl 3 .CH(OC 3 H,).CH 3 CN{y 6 ®),isformcawhonKC 7 
acts on allyl chloride mixed witli allyl alcohol. 

Consfdnf/on.—From its mode of preparation, 
allyl cyanide ought to bo CH..;CJI.tdl..CN, but 
from its reaction with potash it should be the 
nitrilo of ordinary crotonicacid CII,.(.dI:CII.CN. 
From the fact that allyl cyaniclc and crotonic 
acid botl) produce acetic acid on oxidation, while 
allyl iodide and allyl alcohol yield no acetie 
acid, Kokul 6 assumes the presence of a methyl 
group in the two former and its absence in the 
two last named (B. 6 , 386). This reasoning 
seemed conclusive until tho experiments of 
Tinner, mentioned abov^, showed that, when 
the cyanide is converted into crotonic acid by 
liyhic chloride, an intermediate compound 
/•^■chlorobutyric acid) is produced, and it U 
tlioreforo possible that when nitric or chromio 
acid is used, an unstable derivative of butyric 
acid (soy, /5-oxybutyric acid) is first formed, and 
that it is this which gives acetic acid on oxida¬ 
tion. 

ALLYLEBTB C^H, U. Me.C-CH. MethyU 
acctylcne.^l*ropwene. MoLw.40. 8.(efii€r)30at 
16®. H.F.p. -39950 (Thomsen);-87500 (Bar- 
thelot). U JT.v. - 41530 (Th.). 
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upon \>romp-propjieDe (Savitsoli. <7. i^. 52,399), 
enloro^pFQpylene, or propylene bromide (Mias- 
cikoff, A. 118, 832).—2. By the action of Na 
upon CH^CCI.>.CHCi.j (Borscho a. Fittig, A. 133, 
111), CH,C1.CC1.,.CH,C1, or CH..:CC1.CH .Cl 
(Pfofifera. Fittig, A. 135, 357).-3. By elc(£o- 
lysis of calcium mcsaconate or citraconate (Aar- 
laud, J. pr. [2J 7, 142).—4. By heating (citru-) 
bromo'pyrotartaric anhydride with ainmoniacal 
AgNOaAq at 130° (E. Bourgoin, C. li. 85, 710). 
Opiourlcss gas, with unpleasant smell; burns 
with smoky flame. V. sol. alcohol, sol. water. 

licactions. —1. Ammoniacal cup'ous chloi’ide 
gives a canary coloured pp.—2. Absorbed by 
pono. much more readily tlian acetylene, 

allylene sulphonic acid, CallaSO;,!!* being 
produced. An aqueous solution of this acid, 
when healed, yields inesityleno and acetone 
(A. Schroke, B. 8 , 17, 3G7).—3. Aqueous iwr- 
curie scilts form pps. containing the mercuric 
Balt, HgO, and allylene. These pps. are de¬ 
composed by acids with formation of acetone 
(Kutscheroff, B. 14,1641; J. B. 1882, 320).— 

4. KMnOjAq forms, in the cold, malonic, oxalic, 
and formic acids (Berthelot, A. SuppL 5, 97).— 

5. CrOjjAq forms propionic acid (Berthelot, A. 
Sujjpl, 8 , 47). 

Metallic Derivatives, — CH^.C-CNa : 
wliito powder, decompo-sed by water into NaOH 
and allylene (Berthelot, A.Ch. [4] 9,395; J. 72.12, 
288).—(Cglldabig * crystalline pp. formed by 
passing allylene into Kessler’s solution (Kut¬ 
scheroff, B. 17, 25). 

Combinations. -1, Cold fuming HCl forma 
CH).CGl 2 .CIl.,; HBr, and III act similarly.—2. 
Bromine forms di-bromo-propylenc (q. v.) and 
tetra-bromo-propane {q. v.). Iodine acts sinii- 
larly. * 

Iso-allylone CH,:C;CH,. 1. Formed by j 
electrolysis of potassic itaconate (A.).—2. By ' 
the action of sodium on di-chloro-propylcnc, ^ 
CIIChCH.CIIoCl (from symmetrical tri-chlorhy- | 
drin, Hnrtcnstein, J.pr, [2] 6 , 895). I 

Properties. —A gas that docs not pp. am¬ 
moniacal silver or cuprous solutions. Forms a 
tetrabromido. 
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Aim IODIDE C,IJ,I le. CH,;CH.OHgI 
(102-7° i. V.). S.a. §>-8606. C.E. -00106. 
S.V. 100-9 (Zander, A, m, 145); V. D. 5-77 (obs.). 
Formation. —1. Allyl alcohol, P, and iodine 
(Tollens, Bl. f2J 9, 396).—2. Glycerin and PI, 
(Berthelot a. do Luen, >4, Gh. [3J 43, 257).—3, 
Glycerin distilled with hydriodic acid; excess 
of the latter is to be avoided, as it would con¬ 
vert the allyl iodide into iso]>ropyl iodide: 

CH.;CH.CH.I-t-2I:IUCll,.C[rr.CII.,I f HI- 
CiT,.CH:CH, -f-1., 4 111 - C11,.CHI.CH3 +1, 
(Erlenmoyer, A. 139, 211).—4. From allyl chlo¬ 
ride and calcic iodide (llomburgh, R, 1, 151 ; 
I Spindlcr, A. 231, 270). 

Prcimration. —200 grnis. of glycerin, pre¬ 
viously dried by healing to 280°, are mixed with 
125 grras. of iodine. The tubulus of the retort 
is connected by a flexible tube with a flask con¬ 
taining 40 grms. of clear phosphorus in small 
pieces; this flask has also a shle tube through 
which carbonic acid is passed until the air is 
cleared out of the entire apparatus, The clear 
phosphorus is added to the contents of the re¬ 
tort by tilting tlie flask from time to time. Allyl 
iodide distils over rapidly. Tiie addition of 
phosphorus takes about 2.1 hours. The distilla¬ 
tion is then continued until llie contents of the 
retort begin to carbonise and vapours of acrolein 
are given off. The distillate is washed with 
dilute NaOH, dried over CaCl^, and rectified. 
Yield 110 grms. (98° 102°). 

Theory of the Process. - It is usually held 
that triiodhydrin is first formed: 

CIL(OH).CIJ(OH).CH..a)H) + P +1, = 

11 , 1*63 4 CTI,I.CIII.CIU, 
and that this splits up into iodiiif and allyl 
iodide -. CH.,I.C11I.GH,1 -1 .4 OH,: CH.CII,!. 

But the fact that allyl alcohol accompanies the 
allyl iodide renders it quite likely that the in¬ 
termediate body is diiodliydrin; 

CH.,I.Cfil.CH,0H = I,4 CII,:CIl.CH,OH. 

The allyl alcohol formed in this way being con¬ 
verted into iodide by III (Henry, B. 14, 403). 
Rcactions.~\. Zinc and HCl reduce it to 


Di-allyleno C«H, or Cri.,:CH.CtI,.CH,.C:CH 
Allyl-allulene S.G. l-'8.58. V.lX 2-79 (for 

2-76). Allyl-acctone is converted by PCl:^ into 
CaHvCHo.CCh.ClI,, which is converted by 
alcoholic KOli into di-allylcno (L. Henry, C. R. 
87,171). 

Rcaciions.~-"l. Aqueous silver 'nilralc gives a I 
pp. C^HjAg aq.—2. Ammoniacal cuprous chlo- ; 
ride gives a canary-yellow pp. CJLCii aq. 3. 
Alcoholic AgKOa gives a pp. CrtH;AgKtOH.— 
4. Bromine forms C,, I 

lio-allylene tetra-carboxyllc acid t'. PiiorASK 
riTHA-OAnnoxTMo acii>. 

ALLYLENE SI-CHLOSISE v. .Di -CIlLOllO- 

PnOPYLKNE. 

ALLYLENE OXIDE C 3 H 4 O (63°). Formed 
by oxidising allylene with CrOaAq (Berthelot, 
BL 14, 110). Pungent neutral liquid. Not , 
attacked by baryta-water at 150° or by KOHAq 
at 300°. Reduces AgNOjAq. 

AILYl ETHANE V. PENTINDNB, 

ALLYL ETHER v. Allyl oxide. * 

Atm ETHYL OXIDE v. Ethyl allyl 

bXIDA* 


propylene.—2. Salts of si/rerfonn silver iodide 
and salts of allyl.—3. Dry hyaric iodide converts 
j it into isopropyl iodide (Simpson, Pi\ 12, 533). 

4. With zinc ethyl at 100° it forms amyleue, 
pentane, and diallyl (Wurtz, G. R. 66 , 387).-— 

5. With (YfCo< 77 //it reacts thus: As.,Me, 4 2C.,H.,I • 
AsMo,l 4 As:\Ie,,(C 3 H,),l (Cahours, A. Gh. [3] 62, 
291). "0. With dry coqiper zinc couple at 100° il 
forms diallyl: 2 C,,H 5 l 4 Zn = Znl m (GjHJ-i.—7. 
With rvet copper-zinc couple it forms propylene; 
C 3 H .14 ] 1,0 H Zn - IZnOH 4 CjH,,.— 8 . With zim 
and alcohol (S.G. -805) it also^orms propylene 
(Gladstone a. Tribe, C. J. 27, 208).—9. With 
llgBr, at 200° it gives Hgt,, IIBr and propane 
(Montgolfier a. Girand, B. 12,1211).—10. Seated 
at 100 ° for a long time with water it forms allyl 
alcoliol (q. u.).—11. With KCN and alcohol it 
forms a di-cyanide which, when boiled witii KOH, 
produces polassic pyrotartrate (Claus, A. 191, 38). 

Combinations. —1. With chloride of iodine ii 
unites, forming C,HJjCl (205°-210°), a colour¬ 
less oil (M. Simpson, Pr. 13,540).—2. Bromme 
\ forms CsHjBrj.—3. Merewrj/unites with U, form- 
I iiig C.H^Hgl, mcrourio-allyl iodide. 
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AUTt-KAUniO ACID 

C.H.O 4 «.«. 0,H,CH(CO^,. riOS”]. 
(Conrad a.BisolioS, B. 18, 697-, A. 204, 166; 
Hjelt, A. 216, 62). LaMe prisms. V. sol. water, 
alcohol, and ether. Ai |t80° it splits up into 
COj and allyl-acetio acid. Combines with IIBr 
forming liquid (C 0 . 1 I).;CH.C 3 H^Br which, when 
boiled with water gives a lactone of oxy-propyl- 
malonic acid ( 7 . v.). tfomliines with Br^ forming 
di-bromo-pi'opyl-malonic acid {q. 1 '.). 

Balts.-CaA": crystalline powder.—Ag..A". 
Ether.-EtA" (218“-22:j“); (194°) at 830 mm. 
S.G. J? 1018 ( 6 . a. B.); 1-014. JI.M. 11-28 

at 13-7° (I'evkin). From sodio-malonio ether 
and allyl iodide. 

Bi-allyl-malonic acid 

C,H,,0, i.e. (C 3 ll 3 )X(CO.,H).,. [133°]. 
Bhombicprisms ; a:6:c---9916:1:1-0179(Tlaus- 
hofer, Z. K. 11,147). Sol. water, alcohol, and 
ether; v. si. sol. CS... 

Reactions.—1. Heat splits it up into CO„ 
and di-allyl-acctic acid. 

EtherEt,K''. (210°)(C.a.B.); (20.8°)at22.7mm. 
S.G. 14 -990 (C.a.B.); {51000; -993 (Perkin). 

M.M. 15 at 22°. From allyl iodide and sodio- 
nialonic ether (Conrad a. Bisclioil, B. 13, 598; 
A. 201, 171; Hjelt, A. 216, 61). 

ALIYL MEKCAPTAN Call .SH. Mol. w. 74. 
(90°) (Hofmann a. Cahours, A. i02, 292).— 
CjHjSHgCl ; pearly plates (from alcohol) 
(Gcriich, ,4.178,88). 

ALLYh METHYL ETHEE 0 . Muthyl allyl 

OXIDE. 

ALLYL MBSTASD OIL v. Allyl iiiio- 

CAHmUIDE. 

ALLYL NITEATE C.H.NOj. (106°). 

8 .G. 12 1-09. V.D. 3-.74 (for 3-56). From allyl 
bromide and AgNOj (Henry, B. 5, 452). 

ALLYL NITEITE CjH^NO. i.e. C.IIj.O.NO. 
(44°). S.G. 2 - 9 . 7 . 8 . Prepared by distilling glyceryl 
tri-nitrite with allyl alcohol. An oil. iiecom- 
posed by MeOH into allyl alcohol and methyl 
nitrite. Its vapour explodes at 100° (Bertoni, 
a. 15, 361). 

ALLYL OXALATE v. OxAUC acid. 
SI-ALLYL-OXALIC ACID (so called) v. 

OXY-OCTINOIC ACID. 

DI-ALLYL-OXAMIDE C.G.-NjO. i.e. 
CAMH.CO.CO.NIICjHs. [164°]. (274°). While 
plates. Soluble in hot water. Prepared by the 
action of allylaniine on oxalic ether. 

Tetrabromide C 303 (NIlC,H 3 Br.,)._.. In¬ 
soluble in most ordinary solvents, cxciqjt hot 
acetic acid (Wallach a. Strieker, B. 13, 513). 

DI-ALLYL OXIDE C„H,.0 U. (C.HJ.O. 

Allyl ether. Mol. w. 98. (82°) (Cahours a. 
Hofmann, A. 192, 290); (94-3° i.V.) (Zander, A. 
214,146). 8.G.g-K22.3. S.V./3.5-5. C.E.(0°-10°) 
■00127. H.F.p. 12460. H.F.v. 9850 (Thomsen). 
DlfALLYL DI OXIDE 

/\ 

• CHj . CH.CHj.CH. 3.CH . CHj 
(180°). V.D. = 3-7 (obs.). Mobile colourless 
fluid of slight smell and burning taste. Heavier 
than water. Combines with acids, and pps. 
magn^ia from a solution of hIgCl,. Obtained 
by the action of solid caustic alkalis upon di- 
allyl-di-chlorhydrin. By boiling with water it 
■a converted into the alcohol-oxide 


CH,. 6H.CH3.0H3.CH{0H).CEf,(0^, 
which only by long heating with water is con* 
verted into the tetra-hydrio alcohol 
CH..(OII).CH(OH).CH,.CH 3 .CH(OH).Cn 2 (OH) 
(Pi-fybytck, B. 18, 1360'). 

o - ALLYL - PHENOL. Methyl derivative 
C,.II,,0 i.e. C,H,(OMe).CH,.CH:CH„. (233°). 
S.G. ft -9972; [ft -9884 ; ft- -9793. Formed by the 
action of Na-COjAq on the product of the union 
of HI with the methyl derivative of (o)- or (3)- 
o.xy-phenyl-cvotonio acid ( 7 . ».). It is an oil; 
combines with bromine; forms a red solid with 
H,SO, (Perkin, C. J. 39, 425). 

p . Allyl-phenol. Methyl derivative. (232°) 
S.G. 22 -985. Prepared as above from cor¬ 
responding jO-compound. Anethol ( 7 . v.) is 
isomeric with this body. Anol (g. v.) is isomeric 
with allvl-phenol. 

ALLYL-PHENYL-THIO-TTEEA C,„H,jN.,S 
i.e. C 3 H,,.NH.CS.NliPh. [98°]. S. (alcohol) 
71 at 18°. From oil of mustard and aniline 
(Zinin, A. 84, 348); from allyl-amine and 
phenyl thio-carbimido (Weith, B. 8 , 1529). 
Monoclinic crystals; v. sol. ether, insol. water. 
Cyanogen passed into an alcoholic solution 
forms C,„H,,N,.S(CN).,, ppd. by water (Maly, Z. 
1869, 261). When this is warmed with alcohol 
and dilute H-SO, it forms the oxalyl derivative. 

Oxah/l Derivative 
CO.NC.Hjv 

I \CS [161°]. Lemon-yellow needles. 

CO.NC,H,/ 

insol. water, si. sol. cold alcohol. 

ALLYL-PHENYL-UEEA C,„H,..N.,0 f.c. 
CjHj.NH.CO.NHPh. [97°]. Needles. Got from 
its oxalyl derivative by baryta (Maly, Z, 
1869, 263). . 

CO-NC,!!,.^ 

Oxalyl-derivative I \CO. 

co-nc,h/ 

From the oxalyl derivative of allyl-phcnyl-thio- 
urea ( 7 . v.) and warm AgNO, in alcoholic solu¬ 
tion. Long needles. Insol. water, v. sol. 
alcohol, benzene, and CS... 

ALLYL-PHTHALIMIDE v. Putiialio Acid, 
Allylamide. 

ALLYL - PROPYL ALCOHOL v. Hexenyl 

ALCOHOL. 

ALLYL-PEOPYL-AMINE OJI.jN ».«. 
C 3 ILNHC 3 H,. (c. 112°). S.G. ft =-7708 
Colourless fluid. S. = about 6 . Prepared by 
the notion of prepyl bromide on allylaniine. 

Salts : Byi^Cl^PtCI,: orange crystals.— 
B'lI.jC.jO,: si. sol. needles.—B'.il.C.O,* ; tliin 
plates (Liebermann a. Paal, B. 16, 525). 

Allyl.di-propyl.amin 4 (C,H,) 3 NC 3 H 3 . (c. 147°). 
Colourless fluid. S - about 2. Formed by ths 
action of propyl bromide on allylaniine. 

Salts.—B'jH.ChPtCl,: orange-red trimetria 
crystals, a:o:c =-9831:1:1-1217. 

BTIClPtClj; sparingly soluble yellow needles 
[152°]: formed by boiling the preceding salt 
with water (Liebermann a. Paal, B. 16, 527). 
ALLYL-ISO-PEOPYL-BENZENE v. Pao- 

I’ENYL-ISO-PBOPYL-BENZENE. 

ALLIJL DI-PEOPYL CAEBINOL ». Decenyl 

ALCOHOL. 

Di-allyl propyl oarbinol v. Decinyl alcohol, 
a-ALLYL-PYEIDINE C,H 4 (C,HJN. (o.l90°). 
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0.0. S -9695. Colourless refractive oil; si. sol. 
water. Prepared by heating pare (a)-pioolino 
with paraldehyde for 10 hours at 2R)°-260°. 
On oridation it gives pioolinio acid [1S3°]. On 
reduction in alcoholic solution by means of 
sodium it yields (a).propyl-pyridino (inactive 
coniine). g 

Salts. —(B'HCI).jPtCl, : [186°], sparingly 

soluble needles. -B'HClAuCljS : [136°], oily pp. 
solidifying to small needles.—(B'lIClljFlgCU* : 
very sparingly soluble crystalline pp. (Laden- 
burg, B. 1ft, 2578). 

v-AttYL-PYRROt C,H,N i.e. CJI.N.CJIj. 
[105°j at 48 mm. Formed by the action of allyl 
bromide on pyrrol-potassium. Colourless oil. 
Volatile with steam. Almost insoluble in water. 
IlgClj gives a white pp. (Ciamician a. Dennstedt, 
B. 16, 2581; 0.13, 17). 

AILYL-EESORCIN C,H,(CJI,,)(On)... Mono- 
methyl ether C,Il 3 (Cjiy(OMc)(OH). (245°-2.50'’); 
V.D. 165 (obs.); colourless oil (Pechmann a. 
Cohen, B. 17, 2132). 

ALLYL-SUCeme ACID 
C,H„,0, i.e. C 0 . 3 H.CH 3 .CH(C 3 HJ.C 03 H. 
[94°]. Plates (from alcohol). Prepared by heat¬ 
ing allyl-ethane tri-carboxylio acid to 160°, CO, 
being evolved. Strong aqueous HBr converts it 
into the corresponding lactonic acid— 
CH 3 .CH.CH 3 .CII.CH 3 .CO 3 H 
6 -CO 


Salts: A"Ca* : crystalline, soluble.—A"Ba* : 
easily soluble, amorphous.—A'^Ag^* : sparingly 
soluble, amorphous.—b'eSO^ gives a Hocculent 
pp. (Hjelt, B. 10, aJU). 

ALLYL SULPHATE C^H^SO^ i.e. 
Call-.O.SO.^.OII. Hydrogen allyl sulphate. Allyl- 
ixUphuric acid. bVom allyl alcohol and 
(Cahours a. Ifefmann, C. J. 10, 316). 

6 ’a/<s.“(Szymanski, A. 230, 43.) HaA'j.— 
SrA'j.—CaA'a 2aq.—CuA'j 4a(i.—PbA'^PbO Oaq.— 
MgA'j 4aq.—KA'.—NaA'.—NH^A'. 

ALLYL SULPHIDE C„II,„S i.e. {C,n,).,S. Oil 
of Garlic. M. w. 114, (140*^). 

Occtirrence.^ln the essential oils obtained 
by distilling, with steam, tho leaves, seeds, or 
bulbs, of various plants {allmm sativumy alliaria 
officinalisy allium cepa, thlaspi arvensc). Often 
associated with allyl-tliio-carbimido (g.v.) (Wert- 
hciin, A. 51, 289; 55, 297; Pless, A. 58, 30). 

F'onnation. —From allyl iodido and alcoholic 
(Hofmann a. Cahoura, A. 102, 291). 

Properties. —A light oil, smelling of garlic. 

CombiiuUions. —1. Forms pps. with salts of 
Au, Hg, IM, I’t, and Ag.—(CJfJ .SPtS^ (W.)— 
( 08 H 4 )..SAgNO, (Ludwig, A. 139,121). 

HgS(HgCl.,) 32 (CA).,S (W.) 

3. Combines with Mel (Cahours, Z. 1805, 438): 

ALLYL SULPHOCYANIDE C.H^NS i.e. 
CjHj.S.CN. Allyl thio-cyanate. (101°). 
8.0. 2 1071; >2 i-o&O. 

Formation. —1. From lead sal! of allyl 
mercaptan and cyanogen chloride in ethereal 
solution (Billetcr, B. 8, 404): 

(C 3 H,S),,Pb + 2C1(CN) 2C,H,.S.CN + PbCl.,. 

2. From ammonium solphocyunido and a cold 
alcoholic solution of allyl bromide (Gerlich, A. 
178.85). 

Changes spontaneously into the 
isomeric al!yl>thio*carbimide, especially when 
boiled. AlcohoUo £OH forms ESCN. Poes not 


give immediate pps. with ammonlacal AgNO, or 
ftlcoholio HgClj. Zn and HCi in alcohol form 
(CjHJjS and HON (O.). Sodium amalgamtorm& 
Na2S and ally! carbamine (B.). 

ALLYL-SULPHOKig/ACID v. Pboptlenb 

SULPUONIC AC1I>. I 

ALLYL SULPHYDSATE v. Allyl mercaptan. 

ALLYL-TAURINE C,H„N80, i.e. 
C,n,NII.CH,.CH,.COirL flli0°-196°]. From 
ClLCl.CHj.SOaH and allyuimineat 100^ (James^ 
G. j. 47,309). Frisms (tVom alcohol). V. e. soL 
water. 

ALLYL-THIO-CARBAMIC ACID Ethyl ether 
C,H„NSO i.e. C.,If,NII.CS.OEt. Allylthio- 
urethane (210°-215°). 8.0. 14 1030. From oil 
of mustard and alcohol at 110 ° : 

CaH,N:CS + HOKt - C JI.NII.CS.OBt 
(Ilofmaun, B. 2, 119). Ppd. by HgCLAq. 

Allyl-di-thio-carbamic acid C,H,NH.CS.SH. 
From allyl tbiO'Carbimide and alkaline sulphy* 
drates: C,n 5 N:CS +IISK = CJI.NH.CS.SK. The 
free acid is unstable. 

Salts.—NH,A' : unstable laminffi.—KA': 
large rhombic plates.—NaA'Haq: unstable 
nacreous lamime.—Baik'. Jaq: laminrie; v. soL 
water. - PbA'.,: white pp. (Will, ^4.52, 30). 

ALLYL THIO-CARBIMIDE C.H.NS U, 
C,HjN;CS. Oil of mustard, allyl mustard oilg 
allyl thio-cyanate, allyl iso-thio-cyatiateg allyl 
sulphocyanide, allyl iso-sulpho-cyanide, allyl 
sulpho-carbimide. M. w. 99. (151°). S.O. ^ P028. 
S.V. 113-12 (It. Schiff, B. 19, 508). H.F.p. 
-45,540. H.F.V.-40,700. V.D. 3-54 (for 3-42). 

Occurrence. —In the oil distilled from the 
seeds of block mustard {sinapis nigra). Also pre¬ 
sent in oil of garlic, and in horse-radish. 

Formation.—1. Seeds of black mustard con¬ 
tain potassic myronato, and also an unorganised 
nitrogenous ferment, myrosin. When treated 
with water, tho ferment splits up tho potassie 
myronate thus: 

C,«H,„NS,0,„K = CaH^.NCS + C..H,,08 + KHSO.. 
At low temperatures a littlo allyl sulphocyanide 
is also fonaed (E. Schmidt, B. 10, 187).—2- 
Allyl sulphocyanide {q. v.) changes, slowly at 
15°, quickly on boiling, into allyl thio-carbimide 
Consequently, when allyl iodide is distilled with 
alcoholic potassic sulphocyanide (Zinin, A. 
95, 128; Berthclot a. Dc Luca, A. CH. [3] 
44,495), orally] sulphide (Wcrtlieim.A, 55, 297), 
tho product is allyl thio-carbimide. 

Properties. ~0‘i\ with pungent odour and 
burning taste. Blisters the skin. SI. sol. water^ 
v. sol. alcohol or ether. Slowly decomposed by 
water, sulphur being liberated. 

iieactions. —1. Zinc and hydric chloride re¬ 
duce it to allylaniine and thio formic aldehyde: 
C^H^NGS 4 2H, - CaH,NH., + H,CS, the latter 
being partly reduced to methane and 
(Hofmann, D. 1,179).-2. HClAq at 200° forms 
allylamine, CO.^, and H.^S 01.).—3. Alcohol at 
100°, or alcoholic potash, forms allyl-tluo-car- 
bamic ether {q. v.).—4. Aqueous alkamg or 
water and the oxides BaO, PbO, Ag.p, or HgO» 
form di-allyl-urea: 2C3H3NCS + 3PbO ■?H-O = 
(C,Il3)3N..II.3C0 + 2PbS + PbC03.—6. K3S at 100° 
forma potassic sulphocyanide and allyl-sul- 
pliide.—6. NHj forms allyl-thio-urca (thio-sina- 
mine). —7. Aklehydc-ammonia forms •eedles 
of C„H3,N3S.303 [108° 1 (R. Schia fl. 9, 671). 
—8. I'ur/uramide in alcoholic solntioa at 
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too® Joraii<3nH„nju,u,_^,—— j ,-. 

B. W. 1191).—9. Braling oono, KSSO, tonns 
CjH;NH.C 8.SO,K. Pearly plates (form alcohol) 
4B6hler, A. 184, 69). ^ 

Comiimtion.-CA'^Ca Ag^SO,. Formed by 
adding AgNO,Aq to aquelus potassic myronote 
(Will a. KSrner, A. 125,2-7). 

Additional References. —Boutron a. Robuiuct, 
j. Ph. 17, 290; Henry a, Plissoii, J. Ph. 17, 
451; Dumas a. Pelouae, A. Ch. [2] 63, 181; 
Aschoff, J. pr. 4 , 314; Kobiquet a. Biissy, A. Ch. 
[2] 72, 323; Boutron a. Fremy, J. Ph. 10, 112; 
LOwig a. Weidmann, J, pr. 19, 218; Will, A. 
.62, 1; Gerhavdt, A. Ch. [3] 14, 125; Hubatka, 
A. 47,163; Vollratli, J. 1871, 408; Grabowski, 
A. 138,173. 

ALLYl-THIO-HYDANTOIN CANjSO i.e. 


HN:C<^ 


.N(CA)CO 


\s- 


-CH, 


Formation. —(1) By the action of chloro- 
■aoetic acid on allyl-thio-urea in aqueous solution 
At 100®. (2) By the action of allyl-oyanamide 
on thio-glycollio acid. 

Minute needles. Sol. hot, si. sol. cold, water. 

The hydrochloride (B'HCl) forms glistening 
prisms. (Andreasch, B. 15, 320; M. 2, 775). 

AltYL-THIO-PARABANIC ACID V. Thio- 

MBABiSIO ACID. 

ALLYl-THIO -URAMIDO-BENZOIC ACID. 
<3„H„N..SO,i.c. C,H.NH.CS.NH.C,H,.CO,H. [1:3] 
[189° uncor.]. Formed by boiling m-amido- 
benzoic acid with an alcoholic solution of allyl- 
thio-carbimide. Plates. (Aschan, B. 17, 431.) 

ALLYL-THIO-UREA. C,II,N,S i.e. 
CjHjNH.CS.NH,. Thiositiaminc. M. w. 110. [74°]. 

Formation.—’From allyl mustard oil and 
ammonia (Dumas a. Pelouze, A. Ch. [2] 53,181; 
Aschofl, J. pr. 4, 314; Lowig a. Weidmann, 
J. pr. 19, 218; llobiquct a. Bussy, J. pr. 19, 
232 ; W'ill, A. 52, 1). 

Prqpcrfifs.—Prisms, without smell. M. sol. 
water, v. sol. alcohol, and ether. 

Reactions.—l. HgO or PbO converts it into 
allyl-cyanamide (q. v.). —2. Warm AgNOjAq 
forms allyl-urea. 

Combinations. — (C,II,N.jS HCl).jPtClj. — 
■C,H,N jS2HgCh:curdy wh itepp. —C,HjN .,S AgN O 3 . 
—C,HaNj SBr/ [147°], six-sided columns ; sol. 
water, and alcohol. Converted by moist Ag.,0 
into alkaline BrOH, whence HCl forms 

■C,H,N.,SBrCl [130°]. (Maly, B. 1SC7, 42).— 
(0,H,N,.SBr,),PtCl.. - (C,H,N.,SBiCI),PtCl,. - 
■C,n,N.,.SBrClAuBr,. — C,H,N,Sl 2 [90°]. — 
C,ir,NjSClI.—C.HjNjSCyj: converted by hot 
dilute HjSO, Into allyl-THin-rAUAiiANio acid 
Iq. V.). (Maly, Z. 18C9,259). - C,H,N.,SICy.AgCy. 

Ethyloiodide C,H,NjSEtI. [72°](Wel/,ien, 
A. 91, 103; M^. 

ALLYL.UREA C.H.NjGAe. CANH.CO.NHj. 
Allyt carbamide. [85°]. FonnatUm.— l. From 
allyl *cyar.atc and hot NHjAg (Hofmann a. 
Cahours, Tr. 18.57, 555).—2. From allylaraine 
sulphgtc and polassio cyanato (Andreasch, M. 5, 
.34).-3. F rom rdlyl thio urea and AgNOjAq, the 
liberated UNO, being neutralised by baryta. 
■The yield is 92 p.c. of the theoretical. 

Properties, —Needles. V. e. sol. water, and 
«!coh4l, V. el. sol. CHG1„ and other. Br, forms 
■di-bromo-propyl-nrea.—Salt.—B'HNO,. 

Di-allyi-nrea (OANH),CO. Sinapoiine.llOO”]. 


B; Mifani ot intier ead PbO 
or baryta on aflyl thio.oarbiimde (Simoa) P, 
877! Will, A. 62, 215).—9. By heating idlyi 
oyanate with water ot aqueons potash. 

Prpperto.—Hnotuous shining lamime. V. boL 
alcohol, ether or hot water; volatile with steam. 
Its^qucous solntion is ppd. by HgCl, and PtOl,. 
Dry HCl liquefies sinapoline forming B'HCl. 

ALMONDS.—Bitter almonds contain a glnco- 
side, amygdalin {q. v.), and a nitrogenous un¬ 
organised ferment, emulsin. Sweet almonds 
contain amygdalin but not emulsin. When 
bitter almonds aro ground up with cold water, 
the amygdalin is split up by emulsin : 

C A,N0„ + 2ILO = C At> + CNH + 2C„H„0.. 

The essential oil ot bitter almonds is obtained 
by distilling the product with steam. It con¬ 
tains benzoic aldehyde, prussic acid and mau- 
dclonitrile, the product of their union. The 
prosenee of mandelonitrilo is indicated by the 
formation ot phonyl-ethylamine when the oil is 
acted upon by nascent hydrogen (Fileti, 0. 9, 
441)). Both sweet and bitter almonds yield by 
pressure a fixed oil, S.G. -- *913 ; tliis consists 
of olein with some stearin and palmitin. It is 
called oil of almonds. 

ALNElN. - A golden yellow colouring matter 
in the alder, birch, and beech (Savigny a. Col- 
lineau, C. C. 1881, 703; C. J. 42, 309). 

ALOES.—The thickened juice of various 
species of aloe. 

ALOETIC ACID C„H,N,0„ aq, i.e. 
C,,U,(bl0.i)fi.^aq(?).Tetra-nitro-aiit/iraquinons(?) 
Obtained, together with chrysammic acid, by 
warming aloes with HNO, (Schunck, A. 39, 24; 
05, 235; G. J. Mulder, A. 72, 280; Finok, A. 
134, 23G). Yellow amorphous powder. SI. sol. 
cold water, m. sol. hot water or alcohol, forming 
purple solutions, which bccoaie yellow on 
addition of acids, and rod again when neutral¬ 
ised. It has a bitter taste. Boiling UNO, con¬ 
verts it into chrysammic acid, and ultimately 
into picric acid. Warm potassium or ammonium 
sulphide containing exce.ss ot alkali forms 
an indigo-bluo gelatinous mass. Salts; 
BaC,,HjN,0,„. AgjA" : insoluble, dark red 
powder. 

ALOlN.—The purgative principle in aloes. 
There are several varieties classified by SheD. 
stone {Ph. [3] 13, 401) as follows: (1) Nala- 

Idim. —Aro not reddened by HNO„ but converted 
by it into picric and oxalic acids.—(2) Barba- 
lo'ins —aro reddened by HNO,, aloctic, chrysam. 
rnic, picric and oxalic acids being formed. Thess 
may bo subdivided into {a)-barbatdins, reddened 
by cold HNO, (S.G. 1'4), (B)- 6 a) tefo'i'n.s, reddened 
by fuming HNO,, not by cold HNO, (S.G. 1'4), 
Ttie aloins may bo e;^ractod by hot water 01 
hot spirit from tlio various aloes, and purified 
by re-crystallisation. They dissolve in oaustic 
and carbonated alkalis, forming orange solu¬ 
tions. 'fheir solutions aro ppd. by lead 
Bubaoetate. 

(a)-Barbaloin, C|,H„0, and ( 8 ) - Bnrbalolii, 
Zanzaloin or Socaloin 0„H„O, occur in aloei 
from Barbodoes, 8 .oootrina, Zanzibar and Jaffer. 
abad (T. a. H. Smith, Chem. Gas. 1861, 107; 
Stenhouse, P.M. [3] 87, 481; Tilden, 0,/.9«, 
488 ; 29; 1370). * 

licaetions .—1. By distilling with time dust 
a very little methylAnthraoene may he got (9 




^otaah-fu&iqn^^vea 
Mrem, ft-oxyb:e&zoio acid, and alorcinio aeid.— 
l« Bomng dilute sulphmic acid forms p-coumario 
acid.— i, HOI and KGlOj form tri'onloro-aloiin, 
0 „H,jCl, 0 „ yellow prisms (from alcohol).—-S. 
Bromine forms tri-bromo*aloiu; yellow needles 
ffrom alcohol).—G. Ac.O forms tri*acetyl-alJlD, 
0 „H,jAcaO,: amorphous. 

Kataloln CjflHigO, (?). Occurs in Cape aloes 
(^iickiger, At. Ph. [2] 149, 11; Bl 17, 328; 
Tilden, C. J* 25, 153). Thin bright yellow 
scales; si. sol. water, benzene, ether, CS., and 
CHCl,. Its solution in H.^S 04 is turned green by 
ENO„ the colour changing through red to blue. 

AMitional References. —T. 13. Groves, Pli. IG, 
128; Orlowski, Fr. 5, 309; Hlasiwetz, A. 134, 
287 ; Rembold, A. 138, 186 ; Borntragor, Fr. 20, 
234 ; It. H. Groves, Ph. [3] 11, 1045; Lenz, 
Fr. 21, 220; Plengo, Ph. [3] 15, 330; Crix»p 3 a. 
Dymond, Ph. [3] 15, 633). 

ALORCIC ACID G.H.oOjaq. [97‘’1. CJI.^Oa 
[116°] i.e. C JL(OH)Mc 2 .CO,II. Formed in sniiill 
quantity, along with p-oxy-benzoic acid and 
orcin, by fusing aloes with KOH (Wcselsky, A. 
167, 65). Long needles. SI. sol. cold water, v. 
•ol. hot water, alcohol, and ether. The aqueous 
solutionis not coloured by PcXl«Aq, but alkaline 
solutions are turned cherry-red by air. Hypo¬ 
chlorites turn the aqueous solution of the acid 
purple-red, colour destroyed by excess. Basic, 
but not neutral, leail occiaiJe gives a pp. Alorcic 
acid leducen silver nitrate anH Fehling's solution. 
Fused with potash it forms orcin and KXOj. 

Salts. BaA'-^Gaq: small needles.—CaA',: 
needles—CuA'a 4aq. 

Acetyl derivative CjH^AcOj: [125°] ; 
needles. 

Anhydride ; [138®]; formed by 

distilling the acid. 

ALOXANXHIN C„H,,0, i.e, C, 4 H 3 Me( 0 H) 40 ,. 
From barbaloin and socaloin, but not from 
nataloin, by chromic mixture. Keduced, by 
distillation with zinc dust, to metliyl-antlnvicene. 
Its alkaline solutions are cliorry-rcd. Nitric \ 
acid converts it into aloetic and chrysammic 
acids (Tilden, Ph. [3] 8 , 231; C’. J. 32, 903). It 
forms an acetyl derivative C,iHaAc 0 .i. 

ALPHA. To find compounds beginning with 
this prefix, remove the prefix and look for the 
remaining word. 

ALPININ C,,II,,0«. [174°]. Light yellow 
needles ( + 11/)). Occurs, together witli cam- 
phoride and galangin in the ga!;inga-root (Jahns, 
B. 14, 2810). 

ALSTONIDINB. [181°]. An alkaloid occurring 
along wlh alstonine (g. v.) and porphyrino {q.v.) 
ill the bark of AlstontHi consincla. It may be 
separated from porphyrine by its more sparing 
solubility in petroleum. It crystallises in radia¬ 
ting needles, sol. alcohol, chloroforn*, and ether. 
Its solutions display intense blue lluoresconee. 
It is not coloured by cone. or UNO 3 . 

Its salts crystallise in colourless needles. The 
gold and platinum salts are golden fiocculent 
pps. (Hesse, A. 206, 368). 

.ALSTONINE C 3 ,H 2 oN 204 3^aq. Chlorogemne 
(F. V. Mufler a. L. Hummel, C. J. 35, 34 ; Oberlin 
a< Schlagdenhauffcn, Ph. [3] 10, 1059; 0. 
Hesse, A, 206, 360). An alkaloid in the bark of 
cpmtrieta (F. t. M.), from which it may 


he hy aleohoL extract is evapo¬ 

rated* treated with very dilute HCl, filtered, ppd» 
by NH„ dissolved in ether and evaporated. 

Pfopcf tics.—Orange-ve%w, brittle, pellucid, 
bitter, mass. It melts \ lOW 100®. When dry* 
it melts at 196®. It dilsolves easily in alcohol, 
ether, chloroform, and dilute acids, bat sparingly 
in water. All dilute solutions show blue fluo-- 
rescencc. Salts, l^>d. by excess of acid.— 
(BTlCl),PtCi,4aq.—(B'HCl)JIgCi,.— 

ALUMINA.—Oxide of Aluminium, Al^O,, v* 
Aluminium, Oxide of. 

ALUMINATES.—Certainmincralsare known* 
e.g. AlXsMgO, A1.0;,Bc0, <tc., which may be re¬ 
garded as derived from the hydrate AI 3 O 3 .H 3 O 
(u. Aluminium, Hydroxides of), by replacing Hj 
by Mg, Be, (fee. Some of these minerals have been 
prepared by Ebclmcn (.4, Ch. [3] 22, 211) by dis¬ 
solving AIX 3 and the olher metallic oxide in 
molten boric acid, and removing part of the sol- 
voiit by long-continued heating; in this way he 
prepared spiiielle AlX 4 Mg, chrysoberyl Ala 04 Be* 
(fee. By heating Al./'^ with boric acid and ZnF^* 
Dcville and Caron obtained gahnito Al 3042 n. 

Banum aluminatc Al.X 4 Ba. 4 H 2 O was ob¬ 
tained in crystals by fusing Al^O, and carbon 
with BaO, BaCOj, Ba 2 N 03 , or BaSO*, dis¬ 
solving in water and crystallising (Deville, 0, R. 
54, 327 ; V. also Gaudin, C. R. 64, 687; also 
; Beckmann, J.pr. [2] 26,388 a. 474). Compounds 
; of AI 2 O;, and BaO obtained by action of BaOAq 
on AI ./)3 and AlXl^Aq are described by Beck¬ 
mann {B. 14,2151). 

Potassium aluminate AI 2 O 4 K. 2 . 3 H 2 O was 
obtained in crystals by Fremy (A. Ch. [3J 12* 
362) by fusing AIX^ and KOU in a silver dish, 
dissolving in water, and evaporating in vacuo ; 
this salt may be recrystallised from con. aqueous 
solutions, from dilute solutions ALO^^liy separates 
out. 

Sodiu7n alumuiate has not been obtained 
crystallised. An impure salt is used iu manu¬ 
factures ; it is obtained by heating cryolite and 
CaO, or bauxite and NaOH, in steam, dissolving 
in water and evaporating to drynoss (Morin, J» 
1862. 668 ). Tissicr (C. R. 48, 027) described 
four compounds to whicli ho assigned tlio com¬ 
positions Al-^OeNa^, AljOyNa,., and 

AL 04 Nn 2 ; but no analyses are given in the 
original i)a|)cr. M. M. P. M. 

ALUMINIUM.—Al. At w. 27 02 (.Mallet, 2*. 
171,1003). Mol. w. unknown as V.l). lias not 
been determined. [Aboat 700^’]. S.G. -J° (fused) 
2-5B3 (Mallet, T. 171, 1003); (after pressure of 
0,000 atmos.) 2'502 (Spring, A. Ch. [5J 22, 170). 
S.H. -218 (Louguinino, A. Ch. [5j 27, 398); 
(0°-100^) -2253 (Mallet, Ic.). C.E. (lin. at 40°) 
•002313; (lin. 50°) *002330 (Lazean. C. R. 08, 
1125) T.C. (Ag-100) 31-33 (lioronz, W'. 13,422). 
E.C. (Ilg at 0°=1) 211-97 at 0^ l(j-15 at 18’ 
(Iioreiiz, I.C.). S.V.S. 10--1. Chief lines in speo- 
trum, 890(1-9, 8913-4, 3612-4, 3091'9, .BOSl-a,. 
2815-3, 2030-6 (TIartley, T. 175,101). 

Occitrrence. —The metal aiumiiiium 4oe8 not 
occur native; but as silicate (in all clays and in 
very many minerals, especially the felspars), and 
oxide (cor uiidimi, di aspore, &e.), and fluoride (cryo 
lite), it is very -widely and largely distributed, 
forming nearly ^ of the earth’s crust. XlumiiU 
was shown to be a distinct earth by Marggvafl in 
17£4; Uie mclol was separated by Woliler ic 
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1328 (P. U| 146), and in purer (onn in 1854 {A. 
83,422). 

fVejporation.—Wihler decomposed AljCl, by 
K: in 1854 Devillc em^oyed Na and decomposed 
2NaCl.Al,.Cl. (<^- 113, 21 !), 386). Bun¬ 

sen (P. 92, 648) decomposed fused 2NaC1..41.;Cl, 
by an electric current. Bose (P. 96, 152) decom¬ 
posed 6NaF..4I..F8 (cryolite) by fusing it with KCl 
and Na. Basset frl. J869. 7.13) reduced ; 
SNftCl.Al.^Cltt by Zn, and heated the Zn-Al alloy 
to white heat to remove the Zn. The AlXl,. may 
also be reduced by KCN (Wa^n, J. 1S58. 1); a 
compound of AI and S may be reduced by Fe, or 
by hydrocarbons (Fetitjoan, J. 1858. l.‘U*); and in 
other ways. The usual niethod of preparation is ! 
to heat ‘iNaCLAl.C!^ with about SC p.o. Na and 
40 p.c. cryolite (ns a Ihix), on the hearth of a 
roverboratory furnaeo, and to run off the molten 
Al into iron moulds. The ‘iNaChALCl^ is pre¬ 
pared by heating bauxite (silicate of Al containing 
Fe) with NUjCO,,, whereby Na aluminnto is formed, 
dissolving in water, ])})g. ALO., by a stream of 
CO.^, collecting, washing, and drying ihc Al.Oj, 
mixing it with charcoal and NaCl and heating 
strongly in Cl wlierchy 2NaCI.AlXl; is formed 
and distilled otT into receivers. Mallet {T. 171, 
1003), prepareil very pure Al by fusing Al.dlr^ 
with KCl and XaCl in the ratio 2(KC!.NaCl):ACBr,i, 
and then heating with Na in clay crucibles lined 
with AiPs and Na aliiminale; the reduced metal ; 
was heated on a support of Al.O.,, washed with 
HClAq, then with water, and dried at a gentle 
heat. I 

Properties .—A tin-white metal; grey when 
in powder. Odourless and tasteless. After fusion j 
about as hard as silver ;luuum(:red metal is about! 
as hard as soft iron. Very malleable, and ductile; | 
very sonorous; may be higldy polished. Tena¬ 
city nearly equal to that of Cn (V. Burg, D.P.J. 
151,28»»); less than that of Zn (Karmarsch, D.P.J. 
162, 441; 172, 55). Very feebly magnetic. 
Melts fairly easily (about 700°) and crystallises, 
apparently in regular octahedra, on cooling. 
Non-volatile, and non-oxidi.sablo in air; heated 
in oxygen becomes covered with film of ALOj. 
Unacted on by ILS or ammonium sulphides, and 
by S only at high temperatures. .Scarcely 
attacked by HNO^Aq, but dissolved by 
llOlAq, H^SO^Aq, KOUAq, and NaOHAq. Most 
specimens of Al contain Fc anti SI; lliey are 
more easily oxidised than the pure inelal. 

Aluminium forms one series of salts the 


The atomio weight of Al has been detar* 
mined (i.) by analyses and determination of 
V.D. of Al^CIj, Al{Br«, and AIJ, ; (H.) by measure* 
meets of S.H. of Al; (iii.) by comparison of 
various compounds {e.g. Al.^Os, and alum) with 
isomorphous compounds of Cr and Fe; (iv.) by 
an^ysos of ammonia-alum and AUBry, and by 
meH.suring the H evolved by tho action of Al on 
NaOHAq (Mallet, T. 171,1003 i.; v. also for older 
determinationsBerzelius, P. 8,187; Dumas, 

[3] 55, 151; Tissier, CM. 40.1105; Terreill, Bl. 
31, ir>3). 

Aluminium is a distinctly metallic element; 
no allotropic forms of it are known. According 
to the investigations of Wlicatstone (/. 18.55. 22), 

I in KOH.Vq Al is electropositive to Cd, Sn, Pb, 

I Fe, Cu, and Pt, and negative to Zn; in HClAq 
I Al is positive to Sn and Pb, and negative to Zn 
j and Cd. Al decomposes ILO at 100°. It reacts 
I with acids to form definite salts, but at tho same 
' time hydrated ALO., dissolves in alkalis to form 
: unstable salts in which the Al forms a part of 
the negative, or acid, radicle (v. Aluminatrs). 

The thermal value of the action of acids on 
ALOa.SH.p is a large positive number approxi¬ 
mately equal to the value for CdO.ll.j and FcO.H.., 
although considerably le.ss than the values of the 
corresponding actions with CaO^H^j, SrO.JP, and 
BaO thus (Thomsen):— 


M 

(M, 2HClAq] 

5f 

[M, 2riClAq.] 

CaOJI. 

30,490 

AljO.H. 

3 

18,610 

SrO.Hj 

27,630 

CclO..H, 

20,290 

BaOJI, 

40,012 

FcO.H,, 

21,390 


The difference between tlie heat of formation 
of a metallic chloride an<l hydroxide has. 
; usually a positive value; in tlio q^sc of a non- 
I metallic chloride and oxide tlio difference is 
I usually a negative quantity (Thomsen, Th. 

I 3, 631); in the case of Al the difference in 
j question has a largo negative value, thus 
i [AP, Cl«] - [AP, 0*,3ir OJ» - 22, 320. Al shows 
1 several analogies with Be; they both very 
! readily form basic and double salts; Al^jO., is 
; loss basic than BcO; both metals readily alloy 
i with Si; neither seems to be easily acted on by 
i S. For fuller discus.siou of the chemical rela- 
' tions of Al V . Eauths, Mctaw or tuk. 

I Reactions. —1. Pure Al is unacted on by 

■ ordinary air; impure specimens of the metal 
become covered with a film of oxide.—2. 


simplest formula) of which re])roseiit them as 
derived from acids by replacement of IIj by Al; 
e.g. Alj.3SO^, AI3NO, Ac. 

The atom of Al is trivalent in the gaseous 
molecule AiCla. Many experiments have been 
conducted todet^-mine the mol. w.of Al chloride; 
Nilson a. Pettcrssoii liave finally sliown {Z. P. C. 
4, 20fi) that the only molecules which exist 
throughout a considerable range of temperature 
«haTe tire composition AlCl.,. Odling (/'. M. [4] 
29,31fi) stated the V.D.of Al mothide to be 3fi'2 
at temi^raturcs above 200’ (and 72‘1 at loO'"’); 
and hence mol. w. Al(Cll.,),. It remained, how¬ 
ever, uncertain whetlier the gas wa.s homogeneous 
or not (i’. Wankiyn, P. M. [41 20. 313; William- 
son, ibid. 305; l.e J'oux a. Louise, C. R. 100, 
73). (Juineke (.??. P. C. 3, 104) has shown 
that the molecular formula of Al mctliide is 


is decomposed by Al at 400° with evolution of 
H.—3. Con. or «lilutc nitric acid has no actio(i 
on Al.—4. The metal is easily dissolved by 
hydrochloric acid. -b. Dilute sulphuric acxd 
evolves II, forming A1.^.3S(),; hot con. ILSO^ 
evolves SO^.— 6 . Most cfcrboa aewfs, acetic, 
tartaric, have little or no action on Al; but in 
presence of NaClAq the action becomes marked, 
AiXlg being!-formed.—7. Sulphuretted hydrogen 
has no action oven at high temperatures.—8 
Aqueous potash or soda dissolves Al, evolving 
H, and forming an aluminnto (v. Oavazzi, O. 
15, 202); molten KOH or NaOlI docs not act 
on Al.—9. Sulphates, carbonates, borates, and 
silicate.’!, of the alkali metals arc decomposed ,by 
Al at liigl^temperatures.—10. PotassiihiniiraU 
oxidises Al when tlie two react at a white heat 
11. Alkali sulphides are without action even 
tt high temperatures; silver sulphide when 



ALxmmm: m 

heated with AI is partly reduced with formation is dissolved in HGUq, the solution !s nearly 
of a Ag-Al alloy.'—12. Many metallic oxides are neutralised by Na^COjAq and diluted so that 
deoxidised by A1 at high temperatures, $.g, oxides 50 o.o. do not contain more than *1 gram Alp, 
of Pb, Ou, Pe; oxides of Zn and Mn are not a slight excess of NapPaAqis added, and after 
acted on.—13. Alkaline, but not neutral or a little the liquid is boile(hgo long as SO.^ comes 
slightly acid, solutions of lead, silver, and tin, off, the pp. of Aip,H„ pwxed with S is filtered 
are reduced by A1 with ppn. of the met^s; hot, washed with Jiot water, and strongly 
Cu is ppd. from CuSO,Aq.--14. Most mctmlic heated until all S is burnt off; 
chlorides in solution are reduced by At (KOIAq, (Al.pI,Aq + 3Na^SP;,/ q + 3lip=s 
NaClAq are exceptions; Cossa, i/. [2] 0, 880, Aip,iiI„ + 5NaCIAq + 3S'f3SO,; 

443). Fused zinc chloride, but not MgCl.^, is Fe.pl,,Aq + 2 Na.jSo 63 Aq — 
reduced by Al (Flavitsky, B. 6,195). Fe.pl^Aq-f 2NaClAq + Na.pp,jA(j) (v. Chancel, 

1. With oxygen to form C.B. 46,987).—3. A1 is also sometimes estimated 
Alp,; only at high temperatures, and then as a basic acetate (v. Atkinson,Fr. 8, 329; also 
superficially.—2. With sulphur to form an Schulze, /. 47, 318); or as basic formate 

unstable compound (v. Aluminium, Sulphiok or) (Schulze, C. C. 1801.3). For methods of sepa- 
only at very high temperatures.—3. Wohler rating A1 from alkaline earths v. Dcville, A. Ch. 
{P. 11, 160) states that Al combines with j [3] 88, 5; from Co, Ni, and Zn v. Haidlen a. 
phos^diorus, selenion, tellnrwm, and arsenic, ‘ Fresenius, A. 43, 129; from iron v. Macivor, 
when healed in the vapours of those elements; j C.N. 29, 199; from iron and phosphoric acid 
but little is known of the compounds.—4. With [ v. Flight, C. J. [2] 18, 592; also Ksiliuan, C. N, 
boron Al forms at least two compounds (i\ j 28, 208; from chromium v. Dexter, 89,142. 
Aluminium, borides of).— 5. Witli chloiine, hro- \ Aluminium, Alloys of, v. Aluminium ; Conl^ 
mine, and iodine, Al combines to form hinotions, No. 0. 

Aipig, Aipr,., and ALJ^ ( 7 . v.). -0. Al forms ! Aluminium, Arsenide of. According to Wohler 
ai/oj/s with most of the metals; these alloys are ' (P. 11, 100) Al combines with As when the 
usually formed by heating the metals together; ‘ elements are heated together; the product is a 
or sometimes by healing Aip, and carbon with grey metal-likc mass, decomposed by water with 
the other metal. The properties of many metals evolution of Asll.,. No analyses are given, 
are considerably chang(*d by alloying with small Aluminium, Borides of. Al seems to form 
quantities of Al. The alloys of Al with Cii, Ag, two delinite compounds with boron, AIB.^ and 
and Sii arc much used because of their colour, AlBjo. They may be obtained by packing a 
hafdness, and stability, and the ease witli which ' rod of Al in amorphous D In a carbon crucible, 
they are worked. The alloys of Al liave been , placing this in a Hessian crucible with powdered 
chiefly studied by Calvert a. Johnson {V. ilf. [4] ' charcoal between the crufibl«>s, covering, and 
10,240); Tissicr (C. R. 43, 885; 49, 54); Delu ay licating to redness for 1.’ or 2 hours; BP, may 
(C.B. 44, 925); Wohler {A. 106, 118; 113, 248 ; be used in place of B (10 parts B.Pj to 8 pqrta 
188, 253; P. 11, 101); Michel {A. 115, 102). i Al). On cooling, the fused mass is treated with 

The alloys with cojtpcr containing from 0 to 10 • HClAq, whereby Al dissolves and crystals of the 

per cent. Al are yellow, hard, unacted on by borides remain, which may be separated by hand 
moist air, water, or salt solutions, and are easily (Ilampe, A. 183, 75). Both borides were ob- 
worked. The alloys with silver are also very . tained by Wohler a»)d Deville and regarded by 
stable, have a fine colour and may be highly' them as crystallised boron (yl. 101,113,and347; 
polished. When a little Al is alloyed with tin ' 141,208); the compositions represented by the 
the products are very hard and elastic. (These . formula) AIB. and AlB,.^ aro assigned by Ilampe 
alloys will be more fully described under CorPEK, ' (/. c.). AlB/crystaliises in thin, lustrous, pale 
{liLVER, and Tin.) Alloys of Al with the follow- : copper-coloured, six sided, plates; unchanged by 
ing metals have been prepared:—Bi (a very ' healing in air; slowly dissolved by hot con. HClAq 
little Bi makes Al extremely brittle); Ca (by : and NaOHAq, easily soluble in warm HNOaAq. 
heating Al, Na, and much CaCL, Wohler); Cii, Tins compound may be prepared by tlie action 
Cr (by heating Al with Cr.pI^.KCl, Wohler); All, of BCl, vapour on hot A!; or by heating 
Pe, Mg, Mn (by lieating MnC!.^, KCI, NaCl, and • BFj.KF with KCl, NaCl, and Al. AIB,^ forms 
Al); Hg fCailletet, C'. P. 44, 1250); Mo, Ni, IH, ! black, monoclinic crystals, transparent in very 
Ag, Na (tliis alloy easily decomposes U.D); Sn, j thin plates; liarder than corundum, softer than 
Ti, W (by heating WO 3 with A), cryolite, and ; diamond S.O.«2-r)34. These crystals are un- 
KCl, and NaCl); and Zn. | acted on by con. IlOIxVq or KOIl.\q, and very 

- Many Al compounds are soluble slowly by hot con. ll..SO,Aq; tliey are soluble in 
in water; most arc disso^red by HClAq. Strongly hot con. llNO^Aq. They are oxidist'd by molten 
heated AI 2 O 3 is nearly insoluble in acids; it, and KOH and I’bCrO,; also by moltfn KllSO^; but 
also the insoluble Al-conlaining minerals, may i are not aided ou 4iy molten KXO 3 . Heated 
be dissolved by fusion with KHSO^ and treat- j with Pt an easily fusible alloy is formed, 

ment with water (H. Rose, P. 1, 275). j Aluminium, Borocarbide of. AljCDig.^ Ori- 

Estimation. —1. Usually as A1.4),: a fairly ginally obtained by Wohler and Deville, and 
eoix. solution is ppd. by a small excess of supposed to bo crystallised boron; ex^ined 
NHjAq (if Mg salts are present a good deal of ; more fully by Ilampe (^-1.188, 90). Prepared by 
NH^ClAq is added), the free NH, is removetl by | long-continued healing at a very high tempera* 
.warming, the pp. is washed, thoroughly drieii, ‘ tnro of BUj and Al in a graphite crucible (for 
and strong^ heated for some time.—2. A 1 . 20 „Hrt • details, v. Hampe, l.c.). Tho compound crystal- 
mayalso be ppd. by Na^S.OaAq. Thi^ niotliod | lises in yellowish, sparkling, crystals af the 
ig epecially applicable in presence of Fo salts;' dimctric system. S G. ; hardness between 

the two metals are ppd. as hydrates, the pp. | that of diamond and corundum. The orystaia 





txt fllowW dissolved 1 >j lb 6 t HKOfAqi but sodutm, i^th 

BOt by HClAq, H^BO^Aq, or KOHAq; ^ey -^ 6 . Molten Al^Olf Is iUc^lyaed to iu and Oi 
bebave towaii molten KOH, PbCrO^, and (9u£f, A. 110, 267).—7. Sulphuric anhydrid$ 
KHSO 4 similarly to A1B„ ($. V.). forms Al^.dSO^, SO.^ and 01.-8. Solution ttt 

‘ Aluminium, BromSio of. AIBfj or ALBr^; foater is decomposed by heat into AljOj and HCU 
not certain, fabt. yo^t(Weler, P. 10:1. Combiftations,--!. Dissolves in water \ solu- 

(263®*3) at 747 mm. (Mallet, T. 1880. 1003). tioa wlien slowly evaporated gives deli<|ue 8 cent 

5. G. 2-64. V.D. 200-8 (Deville a. Troost, A. Ch, oiyslals of Al,Cl,.12HoO (Bonsdorff, 1\ 27, 270). 
[8J68,257). HJ’.[Aiyir“^=230,440(7Vi.3,210). — 2 . Absorbs dry amuumia to form yellow 

Formation. —By passing Br vapour over a Al 2 Cl,i. 6 NH;,; when this is heated in a stream of 
heated mixture of alumina and charcoal. dry H, Al;jCla.2NI£a is obtained (I'ersoz, A.Ch* 

Prqmrativn. —By the action of Br on excess 44, 819).~3. Combines with phosphi/retied hy- 
of powdered Al, and 8 ubsc«iuent repeated distil- drogen to form a yellow powder 8ALClfl.2PH,, 
lation from Al, and finally in atmosphere of N. decomposed by HjO giving off PHa (Hose, P. 24^ 
(Mallet, l.c.) 205).—4. FhoRphoric chloride at 180*^ forma 

Properties. —White, lustrous, plates; fumes Al 2 Cl,,. 2 PCl^; crystalline, easily fusible, easily 
in air; melts to a mobile liquid; soluble in OS., decomposed by H^O (Weber, P. 107, 376).—5. 
alcohol, and water, in latter with production of Combines with some other non-mctallic chlo- 
much heat [Al'Br®, Aql«170, COO (T/i. 3, 240). rides \ chief combinations arc ALC1^.2POCl* 
Reactions and Combinations .—Aqueous so- (Cassclmann, A. 98, 220); ALC1^.2NaCi (Weber, 
lution on evaporation in vacuo yields crystals of P. 118, 471); AlaCls.SCl^, Al.^Cl,j.SeCl 4 , and 
AljBr,, 12H^O; this solution is decomposed on AIoCIk.TcCI^ (Weber, P. 104,421). Forms a corn- 
heating into ALp^Hs and IlBr. Al^Br^ is dccom- pound with ILS which is decomposed by H^O 
posed into AljOa and HBr when heated in air; (Wohler, P. 11, 160). — 6 . Combines with 
it combines with the hromidos of the alkali chloridea of alkali metals to form A1X1„.2MC1 
metals to form double salts, e.g. 2KBr.ALRrj (Degen, A. 18,332; Deville, i4. CA. [3] 43, 30); 
(Weber, P. 103, 250); it absorbs NH;), also ILS, the most important is ALCl(j.2NaCl, white 
forming comj)Ound 8 which are decomposed by crystals, melting at about 185'^, volatile at a red 
heat (Weber,/.c.). heat without decomposition; deliquescent, but 

Aluminium, Chloride of. AlCl,. Mol. \v. much less so than AljCl^. This salt is prepared 
133’l3(800'^-1500'^)(NiIsona.reUersson, .^.P.C. on the large scale, as from it the metal Al ia 
4, 206). V.D. 66-5 (N. a. P. l.c.). H.F. [Al.CI*] obtained (v. Aluminidm, Preparation of). — 
-«160, 980 (77<. 3, 210). 7. By evaporating solutions of the mixed chlo- 

Fonnation. —1. By heating powdered Al to rides the compounds Al 2 Cl 6 . 2 PdC 1 .^. 20 H.D and 
redness in dry Cl.-2. By passing HCl mixed AlaCl,j.2PtGl,.30H2O were obtained (Wolkow,P.7> 
with C 82 vapour over crude alumina or clay 304 and 802).—8. With sulphurous anhydride 
healed to redness; Al^Sa is formed but is al forms AloClg. 2 BO., a heavy liquid, solidifying at 
once decomposed by the HCi (Curie, C. F. 28, —10® (Andrianowsky, Bl. [2j 31, 495). 

307).—3. By heating Al with various metallic Aluminium, Fluoride Of. AlFj. Mol. w. un- 
chlorides, e.g. ZnCl.^ (Flavilsky, B. 6,195).—1. certain, as V.D. not determined. S.G. 3-1. 

By heating Al.p, with NIT 4 CI (Rose, P. 74 , 569), Occtirrcnce. —In combination with NaF aa 
or with PCli, BCI 3 , or SiOl^ (Troost a. Haute- cryolite ALjI’«.0Nah’; also with silicates in 
feuille, CM. 75,1710 and 1819). topaz, <fec. 

Preparation. —100 parts A1„0, arc made into Formation. —1. By action of ITF on AID,.— 

a thick paste with 40 parts carbon by the help 2. By fusing cryolite with Al^.SSO^, and digest- 
of starch paste, or oil; the paste is kneaded to a ing in water whereby Na^SO^ is dissolved and 
cylinder, which is dried, healed in a covered ALF„ remains (Deville, C’./i. 42,49). 
crucible, and removed while hot to a porculaiji Pnpamtion. —A mixture of fiuorapnr and 
tube connected with a Cl apparatus; as soon as alumina, in a boat of graphite, is heated to 
the apparatus is full of Cl, the cylinder is heated fusion in a tube of graphite, in dry HCl; crystals 
to redness; Al^Cl^ distils over into a receiver, of ALF^sublimoandCaCl^rcmains(Deville,C.P. 
It is purified by sublimation from Al in a closed 43, 971). 

tube bent to an obtuse angle. Properties and Reactions. —White, and very 

Properties, —Transparent, deliquescent, licxa- obtuse rhorabohedra; unacted on by air, by 
gonal plates; colourless when pure, hut usually acids, or by aqueous alkalis (Deville, C.R. 43, 
yellowish because of presence of chlorides of Fe, 97U). Volatile at bright red heat. 

8, Ac. Fusible in large masses hnt volatilises Combinations. — l.V!ii\i hydro/lnoric acid and 

without fusion if heated in small quantities, tcater: by dissolving Al^^Oj in ILSiF„Aq, digost- 
Boluble in water with production of mucli heat ing with Al.O., till SiO.^ is ppd. and solution ii 
[Al-CPjAql^ 153,000 {Th. 3, 210); soluhh* in neutral, ami evaporating, cryslals of A 1 J*V 7 H 20 
alcohol, and ether; insolublcin benzene; unacted arc obtaiiio,^; if digestion with AlDg is stopped- 
4 on by«HCiAq. while liquid is distinctly acid but BiO._, is ppd., 

Reactions. —1. Fumes in ?;io 2 sf afr ahsorliing and alcohol is added, 3ALF,..4HF. 1011,0 is 
HjjO a^d givingolT IlCh—2. Easily decoirqHised ! formed; if, instead of adding alcohol, the acid 
(to Ai^O, and llCl) by skam (Knlmheiin, J. 1 8<i]. j liquid is evaporated Al^F^.HIASHjO is produced 
149).—3. Partly decomposed by oxygen at a red : (Deville, A. Ch. [3] 61, 327).—2. Wi^ alkali 
heat with evolution of Cl (Berthclot, C. R. 86 , l fluorides compounds of the form AlaF„. 6 MF are 
787).—4. Heated to redness with Ztwc, corundum j formed, the most important of ^ese are* 
fAljOj^ is formed ; with magnesia, spinello | the K a^d the Na compounds. AlJ'e-^KP il 
(Al-^O^Mg) is produced (Dauhrcc, 0. R. 39,135).— obtained as a gelatinous pp. by adding a solation 

6 . Decompose below red heat by potassium or j of A1,0, in HFAq to an excess of l^AqJU^«r 


J 





40 te pidlii^ bv «4<liiig 0 iM to oiOHi tt 
Xljf, in EF^i a ths .pp, ia boil^ in the 
liquid Al^r60iBfonne<}. Both ppa. form white 
• pdwders when dry, and are decomposed with loss 
ot all their F by heating with con. HjSO,Aq. 
AljPpBNaP occurs native as cryolite on the west 
coast oi Greenland. S.G. = 2-96. It may be^ire- 
paied by the action of HFAq on A1,0, and 
NOjCO,, mixed in ratio AljOjiSNajCO,, drying, 
and heating to fusion. Forms colourless, trans¬ 
parent, dimotric crystals; softer than felspar; 
.melts below red heat, forming a colourless glass 
on cooling. Decomposed to CaFj and a solution 
of Al„Oa in NaOHAq, by boiling with milk of 
lime, or fusing with CaCO, and boiling in tt^p. 
Heated with H.SOjAq loses HP, and produces 
Alj-SSO, andNa-SO,. 

Aluminium, Hydrated Oxide of, v. AnuMiKioa, 
Hxdboxides or. 

Aluminium, Hydroxides of, Three com¬ 
pounds of Al, H, and 0 are known; they re¬ 
act rather as hydrated oxides, Al„Oj,xTIjO where 
X .y 1, 2, and 3, than as hydroxides. AhOj which 
has not been strongly heated takes up HjO; but 
the definite compounds are obtained by indirect 
methods; AljOj which has been strongly heated 
has no action on H.O. Tho hydrates of AljOj 
lose their water at a red heat. When freshly 
ppd. they dissolve easily in acids, forming the 
some salts Al.X, where X = acid radicle (v. 
Aluminium, Salts or). Thomsen gives the 
following thermal values [AD, O’, 311-0] •-= 388,920; 

[At, O’, H’] = 297,000; H’SO'Aqj = 

= 18,640 (Th. 3, 


20,990; 2HClAqJ = 


240). The hydrates also dissolve in KOHAq and 
NaOHAq with formation of easily decomposed 
aluminatcs (q. «.). The hydrates, especially 
AljOj.OHjO, form a class of bodies called /ukes 
by their action on vegetable colouring matters; 
they pp. those colouring matters from solutions, 
hence these hydrates are used as jnordanls. 

I. Monohvdbate. AJLjOj.H^O ( = A1jO,Hj). Oc¬ 
curs native as diasporCt in transparent, trimetric 
crystals, S-G, 3*43, which crumble to powder 
when heated but lose all HjO only at about 360°; 
insoluble in water and in boiling HClAq. By 
heating amorphous A1.;0, in a closed tube with 
H,0 to 240°-250° Mitscherlich obtained hydrated 
A1,0, nearly agreeing in composition with 
formula AljO,.H,0 (d. pr. 83, 468). According 
to Becquerel {J. 1868. 87; /. 1874.132) crystalline 
Al,0,.HjO is produced when a tube containing 
OrjClaAq and covered with parchment paper is 
suspended in a solution of AL^O, in KOHAq. 

IL Dihydiutr. (^AljOjH^). 

Occurs natiyo as amorphous bauxite (Berthier, 
8. 85,164). Prepared by the action of NH^ClAq 
on AljO, in KOHAq, washing, and drying at 100° 
Hj 6 we, Z. 8 , 247); also by ppg. hot solutions of 
Al salts by NH^q, digesting the pp. in the 
warm liquid, washing, and drying at 100° (St. 
Gilles, A, Ch, [3] 40, 58). A dihydrate is also 
obtained by the slow decomposition of basic 
jlialunxinium acetate, and subsequent evaporation 
io dryness «t 100° (u.i.). Tho dihydrale is said 
to be nearly insoluble in acids and aqueous 
aOcaliB. Two varieties of Al 20 ,. 2 H 90 in aqueous 
Kdullons were obtained by C^um (C. /. 6,236),, 
YoLpt. 
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tiA ( 2 ^ 41861 .1$3), respeotively. 

pr^a^ ba^ Al acetate 

( 2 Ay 02 H 202 )..Al 20 A.SH 20 ), 
dissolved this by heating with much water, 
heated this solution to ^ 10 ° in a closed tube for 
ten days, whereby the Salt was decomposed into 
acetic acid and AljOj.xIip, then diluted, and 
boiled in an open vessel until all acetic acid was 
removed. The sola^ouTof Al 203 .a;H 20 thus 
obtained was colourless, tasteless, and neutral to 
litmus; it was easily coagulated by small 
quantities of sulphuric, citrie, tartaric, and many 
other acids, and by various salts, not by acetic, 
formic, boric, and one or two otlier acids. This 
solution does not act as a mordant; evaporated 
at 100 ° Al.X)s. 2 Ho() insoluble in acids is oobtined; 
tlie coagulated hydrate dissolves in con. acids. 
Graham dissolved AU 03 .a;H ;.0 in ALCl^^Aq or in 
Al acetate solution, and dialysed; the aqueous 
solution of Al^Oa-xH^O thus obtained was very 
easily coagulated by acids, alkalis, and salts; it 
acted as a mordant; tho coagulated hydrate 
dissolved easily in dilute acids. 

III. Tkiiivdiute. A1..0;,.3H20 (^AlaOsEt^), 
Occurs native, in hexagonal, fibrous, crystals, 
as gihhsite, and hj/drargi/llUe. Proii.ared by 
ppg. cold solution of Ai salts by lSH;,Aq, or 
(NilJ.^COaAq, washing, dissolving in HClAq, 
reppg., washing, and drying at 100°. A soft, 
friable, white powder; easily soluble In acids 
and fixed aqueous alkalis; insoluble in water. 
When freshly ppd. it forms a gelatinous mass, 
soluble to some extent in NII,Aq, but reppd. 
on standing in air. Heated to redness it loses 
all its J1..0, and contracts considerably. A 
crystalline trihydrato is formed by tho action 
of air on a saturated solution of AljO* in 
KOHAq (BonsdorfT, P. 27, 275); it is insoluble 
in cold acids, slowly dissolved by boiling HClAq, 
more rapidly by II.^SO,Aq. AiPj.3JJ.^O is also 
said to bo formed by the action of HjO on A) 
amalgam (Cossa, Z. 13, 443). 

Aluminium, Iodide of. All, or A1.,I,; not 
certain, [nbt. 185 J (abt. .300'^) (Weber,’i\ 101, 
4(>5; 103, 250). S.G. ‘2'C3. V.D. 387*4 (Dev.’lla 
a. Troost, A. Ch. [3j 58,257). H.P. [Ai^P]«1-40, 
780 {Th. 3, 2-40). 

Preparation. —Al in small pieces is placed iu 
a retort, about ^ to 1 p.o. of the calculated 
quantity of I is addird, COj is led in, and the. 
retort is heated until combination occurs; rathcr- 
Icss than the quantity of I needed to convert, 
all the Al into Aljjig is then added, and heating, 
in a steam of CO^., is continued until AIJ^ sub*, 
limes (GuBtavsoji,*A. 172,173). 

Properties^ eOc. —White, deliquescent, plates f; 
soluble in alcohol, and CSj; soluble in water 
with production of much heat [AI|f\Aq] = 178,000. 
(Th. 3, 240). Solution in H^O on standing over 
HjSO, gives AljIg.PiH.^. Decomposed by heatq 
ing in 0 (Schulze, J. pr, [2J 21, 40). Forms 
double salts with alkali iodides; absorb^NH,; 
apparently does not combine with H«S (Weber, 
P. 101, 465; 103, 259). ' • 

Alumluiam, Nitride of. Al heated in H 
increases in weight, and heated witlk molten 
NaOH evolves NH, (Brieglob a. Geuther, A, 123, 
238). The compound Al^jN* was obtained by 
Mallet (C.J. [2] 15, 349) by heating jS with 
Na.^CO, to tho highest temperature of a wind 
furnace for some hours in a graphite erueible, 
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KSifi tiMting tli« Mfiidoal mass vith HClAq. 
Ihe qompotmd is pale-yellow when* amorphous, 
bright honey-yellow and very lustrous when 
oryatallised; brittle, not hard enough to scratch 
glass \ in moist air it ^\wly crumbles down to 
AljO, with evolution of Alls; it is dissolved by 
aqueous alkalis with evolution of NH, and solu¬ 
tion of Al; fused with KOH or NaOII, an 
aluminate is formed anl. Nn, is given off; heated 
in air, NH 3 is evolved and AI.O3 remains. 

Aluminium, Oxide of. [There ate some in¬ 
dications of the existence of an oxide contain¬ 
ing more 0 than Al^O, (v. Gibson a. Morrison 
P.B,S.JfS. 119, 146, 152).] AlA (Alumina) 
Mol. w. unknown. S.G. (amorphous) 3*725 to 
4*162 (Boso, P. 74, 429); (crystalline) 3*928, 
S.H. (corundum, 9°-98°) *10702; (sapphire, 
8®-97°) *21733 (Kegnault, A. Ch, [3J 1,120). 

Occuri'ence, —Native, nearly pure as corun- 
duMt sapphire, topaz, amethyst, <&c.; also in 
opaque variety as emery* 

Formation. — I. Amorphous. — 1. By 
burning powdered Al in oxygen.—2. By ppg. boil¬ 
ing solution of potash-alum by (NHJXOgAq, 
washing, and strongly heating.—3. By strongly 
heating ammonia-alum.—4. By digesting clays, 
felspathic rocks, (ko., with con. KOHAq under 
pressure, and ppg. by CO.^.—5. By heating a 
mixture of cryolite and lime in steam, lixiviating, 
and ppg. by CO 3 .—II. Crystalline.—1. By 
fusing the amorphous Al^Og in the oxyhydrogen 
flame (Gaudin, C. B. 49,1342).—2. By heating 
equal parts of potash alum and with 

charcoal (Gaudin, A. 103, 92).—3. By fusing 
together Al phosphate with three or four parts of 
K.,SO, or Na 2 S 04 (Debray, C. B. 52, 895).—4. 
Along with Al.,, 03 .H 20 , by heating a solution of 
AI.JO 3 in HClAq to 350° in a closed tube 
(S^narmont, C. B. 32, 762).—6. By healing to 
bright redness equal parts of amorphous AI 2 O 3 
and PbO (Deville a. Caron, A. Ch. [4] 5, 101). 

Preparation. —The amorphous variety may 
be prepared by heating dry potash-alnm for two 
•or throe hours to redness, finely powdering the 
residue, washing witii water, mixing with 
NaOHAq containing ^’5 as much NaOH as the 
potash-alum used, drying, strongly heating, and 
washing with water (Wohler, .4. 63, 422; Bnm- 
^aer, P. 98,488). Crystalline AlA 
‘phjred by heating to whiteness a mixture of one 
part amorphous ALO, with four ports fused 
bora^v (Ebcimen, A. Ch. [3] 33, 31). Largo 
crystal A^l cm. long were obtained by Deville a. 
Caron {A..Ch. [4] 5,104) by the action of Ahl\ 
on boric aoid at a high temperature. The Al J?,; 
was placed ih a graphite crucible, the boric acid 
being contained in a small Ft basin fixed above 
the AlA; tl^ whole was placed in a Hessian 
crucible and heated in a wind furnace for some 
time; BF, was |volatilised and crystals of Al^Og 
remaped. s 

Properties. —fi^nown in two forms, amorphous 
and crystalline. vThe amorphous variety is a 
whitf, soft, powdon; cakes together when strongly 
heated, and beconses nearly as hard as corun¬ 
dum ; infusible except in oxyhydrogeu blowpipe; 
insoluble in water; soluble in acids and aqueous 
alkaiis, but after strjongly heating becomes in¬ 
soluble in acids except con. H 2 S 04 Aq and cmi. 
HClAq. The crysiallvJ^ variety forms colourless 
riiombohcdra; insolubi^ in all acids; nearly as 


Hardai diamond. Both forms are undeooxnposed 
by heat, and are unacted on by Cl. 

Beactions.-^l, With acids amorphous Al^O. 
reacts to form Al salts— e.g. AIJ. 3 SO 4 .—2. Fused 
with potash or NaOH, or KHSO 4 , both amor¬ 
phous and crystalline AI 2 O, form aluminates (g. u.) 
whi(,h are soluble in water.—3. Amo^hous^Oi 
heated to whiteness with potassium is partly de¬ 
oxidised with formation of an alloy of K and Al. 
4. Heated with sal ammoniac, AljCIa is formed; 
the same compound is produced by the action of 
hot BCI3, or SiCl 4 .— 6 . AI^Sj is said to be formed 
by the action of carbon disulphide vapour on 

hot AI 2 O 3 .. 6 . Water is taken up by slightly 

heated amorphous Al^Os, but no definite hydrates 
have been thus obtained (v. Ar.umNiUM, Exdbox- 

IDES of). 

Aluminium, Oxychlorides of. A scries of 
these compounds seems to exist; they may be 
obtained by the action of a mixture of AI 2 OI 4 
vapour and 0 on Al; the higher the tem¬ 
perature the more 0 is there in the product; 
tiicy are soluble in dilute acids and alkalis, and 
are decomposed by water (Hautefeuillo a. Perrey, 
C. B. 100, 1219). Toraraasi (Til [2] 37, 443), 
describes three compounds of AIjOsH^ with 
AlClg obtained by the action of Al on CuCljAq 
under different conditions. 

Aluminium, Phosphide of. Described by 
Wohler (P. 11,160) as a dark grey mass, which 
decomposes Hp evolving PII 3 ; produced by 
heating powdered Al to redness in vapour of P. 

Aluminium, Salts of. Salts obtained by 
replacing H of acids by Al. These salts 
belong to the form ALX^, or AIX3, where X =» 

NO 3 , besides these, many 

basic salts (compounds of normal salts with 
Al/)a.a*lLO) are known. Very many Al salts 
also fonn double salts; the most charactoristio 
of which are the alums AU.3SG4.M.SO,.24HjjO, 
where M = an alkali metal, Ag, or Tl (v. Alttms), 
The haloid salts, the normal nitrate, sulphate, 
and acetate, are soluble in water; most of the 
oilier normal sails, and almost all the basic 
salts, are insoluble in water. The soluble salts 
possess a swcelish, astringent taste. AqueouE 
solutions of Al salts generally contain more 01 
less free acid, which is not, however, to bE 
detected by the ordinary tests; Erlenmeyer a 
Lowinstoin 3, 572) add freshly ppd 

Mg.NH 4 .PO 4 , which pps. Al 2 (P 04 ) 2 , and forms 
MgS 04 and (N 114 ) 2804 , the acid can then b< 
detected by litmus Ac. The number of Al salts ii 
not very large; v» ith some acids, c.g, sulphurous 
carbonic, Ac., it forma no salts or very unstabh 
ones which can hardly be obtained pure. Th( 
chief salts—described under Bojutes, Phos 
niAiES, Ac.—are the borates, nitrates, phos 
pJuif.es, silicates, and sulphates: v. also Garbo 
NATES, SoLimnES, Selenatf. 8 , Ag. 

Aluminium, Selenide of. According t 
Wohler, Al when heated in Se vapour com 
bines with the latter to form a black powde 
which is decomposed by H^O into AL 403 .s:H 2 ( 
and H^Se (P. 11,160). 

Aluminium, Bilioides ot Al fi^nd Si lea^ 
in almost all proportions; the products seei 
to bo of the nature of alloys. When Al i 
heated with silicates in presence of a flux, 
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c^. ihe lUieft ii reduced and oombisied 
wi^'piut of theAl. Anallo^contalmsglO'dp.c. 
Si, ;oalled cast aluminium^ is grey and very 
bridle; an alloy with 70 p.c. Si still exhibits 
netaUio properties. The alloys of Si and A1 are 
much more easily acted on by reagents than 
either of the elements which form them. ^ 

Aluminium, Sulphide of. ALS,. 

If A1 is heated to glowing and S is then 
thrown on to it, a black mass is produced which 
is decomposed by II.X) with evolution of HoS. A 
mixture of AljS., and A]^0.,ia obtained by passing 
CS.^ vapour over red-hot ALOa. When A1 .m 53SO^ 
is heated in H, Al^Oj remains and H 0 SO 4 is 
volatilised (Wohler, P. 11, 100). The best 
method of preparing AljSg seems to be to pass 
S vapour over hot A1 in a carbon boat placed in 
a porcelain tube kept full of H. It is described 
as yellow crystals, witli a bitter taste, which melt 
with difficulty, and are rapidly acted on by water 
with formation of II.,S and A 1 .. 03 .®IIj 0 (Fremy, 
A.Gh. [3] 38,322; Sabatier, A.Ch. [ 6 ] 22, 88 ; 
Beichel, J, pr, [2] 12, 65). Sirring {Bl. [2] 
89, 64) obtained a sulphide of Al by very strongly 
compressing an intimate mixture of Al and S. 

Aluminium, Telluride of. Described by 
Wohler as a black powder produced by heating 
together Al and To (P. 11,160). 

M. M. P. M. 

ALUMINIUM AMTLATE v. Amvl alcohol. 

ALUMINIUM BROMIDE, Action of, on Or- 
ganio Bodies.—Aluminium bromide assists the 
bromination of aromatio hydrocarbons. The 
action appears to bo preceded by the formation 
of a compound AlHra60„H-.„.„ (Gnstavson, /. 
1877.400; 1878, 380; B. 18, Kef. 208). AlBtg 
also combines with butylene; thus, when Hllr 
luixed with is passed into AIBr., at GO®, the 
compound AlBrjC^H,, is formed; the same com¬ 
pound is formed from AlBrj and C.iljBr, and by 
passing IIBr into American or Caucasian petro¬ 
leum containing AIBr, at 70® (Gustavson, J. P. 
16, 95; B. 17, Ref. 163). 

The compound AlBrjC^H, is an oil, insol. in 
light petroleum or CSjj; it is decomposed by 
water with formation of unsaturated hydro¬ 
carbons and by alkyl bromides at 70’ with 
formation of paraffins (Gustavson, J, pr, [ 2 ] 
34,161). 

Aluminium bromide converts alkyl chlorides 
into bromides. 

ALUMINIUM ISO-BUTYL C.^Hj^Al i.e. 
A^C^Hg),. From Al and Hg(C 4 Hj)j 5 . Fuming 
liquid (Cahours, 1873, 522). 

ALUMINIUM ISO-BUTYUlTE v. iso-Butyl 

ALCOUOL. 

ALUMINIUM CHL'oRIDE, Action on Organic 
Bodies.^Aluminium chloride is converted by 
C 3 H 4 and HGl at 100 ® into the compound 
AlCljO,H, (G.). 

Aluminium chloride added to a mixture of 
an aromatio hydrocarbon and an alkyl or alkoyl 
chloride, bromide or iodide, promotes the evolu¬ 
tion of HCl, HBr, or HI and is therefore a most 
powerful agent in organic synthesis as a means 
of introducing alkyl or alkoyl groups into an 
aromatio nucleus (Friedcl a. Crafts,* C. R. 84, 
1892, 1460; 86 . 74, 672; 86 , 1368). Thus 
methyl-benzenes may be foimed by this means 
from benzene and methyl chloride; acetophenone 


from benzene and acetyl cbloiide. The opera¬ 
tion is performed by dissolving the aromatic 
hydR>Qarbon and the haloid derivative in CSj or 
light petroleum, and adding AlGlt in successive 
small portions. The’action is completed by 
heating on a water-baoii. Condensation is also 
brought about by AlCl, by the removal of water; 
thus benzene and Ac^O form acetophenone; 
while benzene and pnlValic anhydride form 
benzoyl-benzoic acid. Under the influence of 
AlCla other reactions also occur; thus benzene 
is converted by oxygen, sulphur, sulphurous acid, 
and carbonic acid into phenol, plienyl-mercaptan, 
benzene sulphinic acid, and benzoic acid, respec¬ 
tively. 

These reactions are perhaps due to the 
formation of such compounds as AlCls3CgH, in 
which the benzene may be supposed to be more 
unstable than when in the free state; thus, we 
might imagine the compound to be AiHjClaPh,, 
Molecular changes may, however, take place in 
the alkyls; thus both n- and tso-propyl bro¬ 
mides are converted by AIBr^ into the same iso¬ 
propyl-benzene ; this is l)ecauso propyl bro¬ 
mide is changed by AlBr^, into its isomeride 
(Gustavson, J. 1878, 380; P. 16,958). 

In the above cases AICI3 induces the building 
up of more complicated compounds, but this 
reaction may be reversed and alhyl groups 
removed instead of introduced. Tlius ethyl¬ 
benzene, heated with AlCl, in a stream of HCl, 
evolves ethyl chloride and is reduced to benzene 
(Jacobsen, B. 18,338). When the alkyl chloride 
is not carried off by a stream of IICl it may act 
by substitution upon another portion of the 
hydrocarbon. Thus toluene is converted by 
boiling with AlCl* into benzene and xylene 
(Anschiilz a. Immendorff, B. 17, 2816). Some¬ 
what similar reductions occur in other cases, 
the hydrogen being derived from another portion 
of the hydrocarbon. Thus naphthalene gives 
naphthalene diliydridc, by reduction, and iso-di- 
naplithyl, by abstraction of hydrogen; benzene 
gives toluene and ethyl-benzene together with 
di-tolyl; di-phenyl-methano is reduced to ben¬ 
zene and toluene (Friedcl a. Crafts, B. A, 1884, 
468; O. n. 100, 692). 

AlCIa acting upon n-propyl iodide gives pro¬ 
pylene and HI, which then react, producing 
propane (Kohnlcin, B. 16, 660). Aluminium 
bromide or iodide acting on propyl chloride or 
iodide at 130® form propylene but no propane 
(Kerez, A. 231,286). AlCl, acting upon alcohols 
and phenols eliminates IICl; thus phenol gives 
(rhO) 3 Al«Cl 3 ; resorcin gives (CJl^OjlALOl^; and 
di-chlorhydrin gives C 3 H 3 CI 3 O.AICI 2 I which 
crystallises from CS 3 . Theso compounds are at 
once decomposed l)y water i«to the alcohol, 
A 1 ( 0 H) 3 , and HO (Clausa.Mcrcklin, B. 18,2982). 
Acetyl chloride in CSj is converted by AlCi, 
into a white solid, CgaHitGaAlaClg, whence water 
produces a liquid C^HgO, (137®) which ^ay be* 
acetyl-acetone (Combes, C. R. 103,814). 

ALUMINIUM ETHIDE AIC 3 H,. t.t. AlEt, 
(194®). V.D.4-6 (for 3-9) at 2,34®. From met- 
curio ethide and aluminium heated at 100 ® for 
some hours (Bucktou a. Odling, Pr. 14, 20). 
Liquid; fumes violently in air, soon tiding fire. 
Decomposed by water. Iodine forms Eu. 

Aluminium iodo-ethide 
Al^Et,!,, (840®-350®), is a faming liquid formed 
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tv «4!<w oi EtI oo llhkt (O&booh, A. Ok 
mss,#: i. 114,242). 

Atuiointril ETH^AIE V. Alcohoi,. 

AlVyiNlVH IODIDE, Aotion on Organio 
BoiUoi. All, turns out tjj.displacing it by I, e.g. 
8C01, + 4A1I, = SCI, + 4Altl, (Qustavson, A, 
172, 173). Aluminium iodide and aluminium 
are singly without action on alcohol, but to¬ 
gether they react, fa-mkig Al,,I,( 0 Et )3 and 
Al,(OEt),. One molecule of aluminium iodide 
may convert very many molecules of aluminium 
into aluminium ethylate {v. Alcohol). Other 
alcohols act similarly {». raorvL, Butyl, and 
Aw^ ALCOHOLS, Crksol, Puenol, Naphtiiol 
Thymol), but methyl and iso-propyl alco¬ 
hols, glycol, and glycerin do not; the latter 
forms allyl alcohol (Gladstone a. Tribe, Pr. 
80, 64G, C. d. 39, 2; 41, a ; 49, 25; Hodgkinsou, 
0. N. 1877, 2,37). Aluminium behaves in a 
similar way towards water and ether; it does 
not attack these bodies until after iodine has 
been added, when it reacts with water thus; 
3H,0-i-Al = AI( 011)3 + 113 , with which may be 
compared its .action on alcohol: 31IOEt + Al = 
Al(OEt), + n„ wliile with ether it forms alu¬ 
minium iodo-ethvlate and Etl. 

ALUMINIUM METHIDE AlCjH, i.e. AlMe, 
fo. 0'>]. (130“). V.D. 2-8 (for 2-5) at 220°; 4 at 
160°. From HgMe. and A1 at 100° (Buckton 
a. Odling, Pr. 14, 19). Takes tire in air, Ee- 
sembles AlEt,, Just above its boiling-point the 
compound seems to be Al.Me,. 

ALUMINIUM PKOPYL 

A10,H3, i.e. A1(0,H,)3. (240°-245°). i 

From HgPr, and A1 (Cahours, J. 1873, 618). 

ALUMS. — Double sulphates or scUnates 
having the composition expressed by the gene¬ 
ral formula il:6S{orSe)Ot.N,S(orSe)0,.UIi.O, 
tohereM=Al^Crt 3tn, Fe,Iii,orGa; andN - Na^ 
K,Rb, Cs, Nn„ Ag, or Tl. These salts crystallise 
in forms belonging to the regular system, usually 
in octahedra or cubes. The following are the 
best-known alums;—!. Sulphates: (1) M=A1, 
and N = Na, K, Eb, Cs, NH„ NH 3 (C,H 3 ), Ag, or 
Tl; (2)M = Cr, andN = Na,K,orNli,; (.3) U= 
Mn, and N = K, or Nil,; (•!) M=Fe, and N = E, 
or (jlH,; ( 6 ) M = Ga or In, and N = NII|; ( 6 ) 
t&^l^Al, and N = K, orNH,. II. SEr,E.\ATj:s: 

(1) M *Al, and N = Na, K, or Nil,; (2) M = Cr, 
and N - K, or Nil,. III. Mixed Selexates and 
SoLPHAiES, M33 SoO,.N,SO,. 24H30 : (1) M=AJ, 
and N = K: (2) M = Cr, and N = K; (.3) M=Fe, 
and N = K. IV. Mixed Sulphates and Sei.enates, 
MJS0,.N3Se0,.24H30: (1) M=,A1, and N = K; 

(2) M = Cr, and N.= K; (3) M=Mn, and 
N=»K; (4) M=Pe, and N = K. Besides these, 
there are certain double salts which resemble, 
but are not isomorphous with, the alums; of 
these pseudo-alums the most important are 
the following:—!. Compounds of Alj3SO, with 
(1) MnSO„ (2) FeSO„ (3) MgSO,; each with 
24 H 3 O.' n. Compounds of Fcj.SSO, with (1) 
MgSO,, (2) CuSO„ (3) ZnSO,: caoh with 24ILO. 
III. Mil33S0,.MgS0,.24H30. 

In naming the alums, if no prefix is used, a 
double sulphate of aluminium and one of the 
metals represented by N in the formula is under¬ 
stood ; Ihus potassium alum is 

Al33S0,.K3S0,.24H30. 

He sulphates containing no aluminium are 
qwken ot as chromium-sodium alum, iron-am- 


mbidsn Ugu,' Ad. Sin&rbr, ihd: naiiw 
ammonium selenio-alnm, and wromium-potas- 
slum selenio-alum are used for the members of 
Group II. The salts belonging to Groups III, 
and IV. may be called selenio-sulphurio alums ; 
the individual bodies are best distinguished by 
thoiWormuIsD. 

The alums are all soluble in water, their 
solubility in hot, being considerably greater than 
in cold, water; (potash alum, S. 3-29 at 0°; 
S. 22 at 30°; S. 31 at 60°; S. 357 at 100°). The 
solutions have a styptic taste and an acid re¬ 
action. Sumo of the alums are separated by 
water into their constituent salts, e.g. silver 
alum, and manganese-ammonium and potassium 
alums. Others are partially separated; indeed 
it appears very probable that every alum is to 
some extent separated into its constituents when 
dissolved in a considerable quantity of water. 
Thus, Favre and V.alson (0. li. 74, 1165) find 
the heats of solution of one equivalent of alumi¬ 
nium sulphate ( 1 ) in water, ( 2 ) in a solution of 
K.,SO„ and (3) in a solution of (NII,)jSO„ to be 
the same (.about— 8 , 000 ); hence no combination 
occurs between the two sulphates in the presence 
of water. Further the heats of solution in 
water of the alums have largo negative values, 
and in some cases— e.g. iron-ammonium alum— 
this value increases considerably as temperature 
rises (Favre and Valson, C. R. 74, 1016). 
G. Wiedemann {P. 126,1; 135, 177), by deter¬ 
mining the specific magnetism (that is, magnetic 
moment developed by unit magnetising force-+ 
mass of salt in unit volume) of various salts in 
solution, has shown that an aqueous solution of 
ferric sulphate is partly separated into sulphuric 
acid and colloidal ferric oxide, and that the 
amount of this separation increaies the larger 
the quantity of water added; he has also shoivn 
that an aqueous solution of iron-ammonium 
alum behaves almost exactly in the same way as 
ferric sulphate; hence the separation of the ferric 
sulphate by tho water is independent of the 
alkaline sulphate; and hence a dilute aqueous 
solution of this alum is to a large extent sepa¬ 
rated into its constituent salts. When an 
I aqueous solution of potassium alum saturated at 
12 °is healed to 100 ° a precipitate is slowly formed 
containing varying quantities of A1.,0„ K.,0, SO,, 
and 11,0; even after 30 days the precipitate con¬ 
tinues to bo produced. The decomposition of 
tho alum is hastened by adding K-SO, to the 
solution (A. Naumann, B. 8,1630). Chromium- 
potassium alum exists in two forms; as violet 
crystals, and as a green non-crystallisable salt. 
When a solution of the former salt in water is 
heated to 70°-80° the colour changes to green, 
and this change is attended with a gradual in¬ 
crease of the volume of the solution; as tha 
green solution cools the colour slowly changes to 
violet-blue, alid the volume of tho liquid slowly 
decreases (Boisbaudran, 0. E. 79,1491). The 
violet crystals change at 300°-350° to the green 
salt with loss of aU their water of crystallisa¬ 
tion; this green dehydrated alum is wholly 
soluble in hot water, but when heated somewhat 
above 360° it suddenly changes to greenish- 
yellow and becomes quite insoluble in water 
(Bowel, A. Oh. [ 8 ] 44,313; Siewert, A. 126, 
86). When a quantity ot barium ohlotid*:: 
sufficient to precipitate all the add in a girw- 
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ioue^alpoTtions to an aeneous solution of tbe 
poen fohn of ^is alum, the iirst and second 
fourths of the barium are at once precipitated, 
but the rest only very slowly; moreover, the 
quantity of heat produced during thepreoipitation 
of the first and second fourths is much gr jater 
than that produced during the subsequent pre- 
dgitafions (b’avre and Valson, C. R. 74,11C5). 

Qram-units of heat inod-iiced, 
KxoMsofBaOlr Istfourth. SndfonrtU. 3rddB4thfourtlia, 

8261 4104 4102 146 

These results taken together show that solution 
in water of the commoner (probably of all) alums 
is accompanied by partial separation of these 
compounds into their constituent salts, and also 
by partial decomposition of these constituents, 
oortainly at least of the sulphate of the heavy 
metal; and that the amount of this separation 
and decomposition is increased by increasing the 
quantity of water, or by raising the temperature. 

The alums are deliydrated by the action of 
heat i at a higher temperature a portion of the 
acid radicle is usually volatilised, and a double 
basic sulphate remains, such as native alum stone 
Al 28 S 04 .K«S 04 . 2 Al 20 j. 8 Ha 0 ; at a still higher 
temperature more acid is removed and a mixture 
of alkaline sulphate and oxide of Al, Cr, Mn, or 
Fe remains ; the ammonium alums leave a 
residue of oxide only. For descriptions of the 
properties of the individual alums v. Sulphates. 

M. M. P. M. 

Dl^ALtJRIC ACID v, Dialubic acid. 

AMALGAMS. Alloys of Mercury (v. Allots). 
Amalgams are formed (1) by direct union of 
mercury with other metals; e.g. amalgams 
of alkali metals, of Zn, Pb, Sn, Au: (2) by 
precipitation of other metals from solutions of 
their salts on mercury; this is often done by 
placing- sodium-amalgam in the solution of a 
me^ic salt, sometimes by electrolysing a me- 
talUe solution in presence of mercury; e.g. amal¬ 
gams of Ag, Fe, Co, Ni, Mn, Ba: (3) by prcclpi- 
tation of mercury on another metal, sometimes 
it is necessary to electrolyse the mercurial solu¬ 
tion, making the other metal one of the elec¬ 
trodes; e.g. amalgams of Cu, Ag, Au, Pt: (4) by 
placing the other metal in contact with mercury 
and a dilute acid; e.g. Zn amalgam. The form¬ 
ation of amalgams is not usually attended with 
any marked thermal change, but in the produc¬ 
tion of amalgams of the alkali metals much heat 
is produced. Thus, [Na, Hg] = 10,300; [Na, Hg®] 

-21,600; [K, Hg*] = 20,300; [K, Hg'-'] = 34,200 
(Berthelot, C. R. 88 , lyo, 1335). In the forma¬ 
tion of amalgams of Sn, Pb, ancl Ui, heat is ab¬ 
sorbed. Little or no contraction of volume 
aooompanies the formation of amalgams, except 
in the cases of Cu, Ag, Sn, Pb, and a few other 
metals. The relative conductivity for heat of 
some solid amalgams is considerablygreaterthan 
that of either of the metals composing them; 
e.g. amalgams of Sn, Zn, and Bi. Many solid 
amalgams seem to be chemicalcompounds in defi¬ 
nite proportions; thus when various amalgams 
eontoining excess of mercury were subjected to a 
pressure of about 70 tons on the square inch 
was removed, and definite bodies re- 
BUlined, containing mercury and metal approxi- 


kfiate^ ia expiated by the lonnula 

p^g, .^Hg, FeHg, Zn.Hg, Pb^, PtHg, 
(Joule, 0, tT, 16, 878). A^ain, when amsd- 
gams of Au, Ag, Cu, PKK, and Na, were heated 
near to, to, or abdve,'^ue boiling-point of mer¬ 
cury the following definite amalgams were 
obtained (Be Souza, B, 8,1616; 0,1050) 

At 310® Au«Hg Cu,.Hg 

„ 860® Au,Hg Ag,;Hg Cu.JIg Pb,Hg 
,, 440® Au„£[g Ag. 3 Hg Cu.^Hg KHg Na,H«. 
Some of the liquid amalgams maybe regarded 
as solutions of definite compounds in excess of 
mercury, £.(/. liquid Na and E amalgams; others 
as solutions of metals in mercury, e.g. some of 
the iron amalgams. For descriptions of indi¬ 
vidual amalgams see the articles on the different 
metals, also MERoujty. M. M. P. M. 

AMALOAMATIOK. The process of forming 
AnialgamSt ?• v. 

AMALIC ACID 

%.e. 0„H2Me4N408. Tetra-mcthyl-alloxantin, 
Formation*^!. On mixing a solution of di¬ 
methyl-alloxan with one of di-methyl-dialurio 
acid, amalio acid is ppd. (Maly a. Andreasch, M. 
3, 103).—2. A product in the oxidation of 
caffeine by chlorine or nitric acid (Rochleder, 
A, 71,1).—3. By reducing di-methyl-allozan by 
HjS (E. Fischer, B. 14,1912). 

Properties. —Transparent colourless crystals. 
Stains tlie skin red. V. si. sol. cold water or 
alcohol, si. sol. hot water. Heduccs silver salts. 
It forms deep violet compounds with baryta. 
EOH, or NaOH. 

Reactions. —1. Oxidised by nitric add to 
di-methyl-alloxau, or, better, by passing cKh- 
fine into water in which it is susponded.— 
2. Amalie acid may be distilled without 
leaving a residue, but it is decomposed and 
in the distillate there is a crystalline acid, 
CjsHnN^Oa, ' desoxyamalic^ acid [260®]. 
This acid is v. sol. chloroform or glacial acetic 
acid, sparingly so in cold alcohol, v;ater or ether. 
Soluble in alkalis but reppd. by HCI. Is partly 
decomposed when distilled. Bcduces boiling 
ammoniacal AgNO,. Evaporated with HNO« 
it forms dimethyl-alloxan. Chromic mixture 
converts it into cholestrophane. Hence it is 
possibly (Fischer a. Becso, A. 221, 339): 

Mo.N - CO CO.NMe 

COHO - CHCO 
MeN - c'o CO.NMe 

8. Hydrogen sulphide forms di • methyl - di • 
alurio acid (M. a. A.).—4. By boiling loith 
loater in an open vessel di-mcthyl-oxomide is 
produced: 

C„HhN A + HuO + 0,« 2 C 4 ILNA + 4CO,. 

5. Avimonia gas turns it wiolet, forming 
murexo'in, a •i/ystalliho body resembling 
murexide.~6. From the solution made by heat¬ 
ing ainalic acid (4 pts.) with cyunamufe ^2 pts.) 
and water (100 pts.) there separates out, on 
cooling, crystalline cyatnido-amalic^ acid 
CijHiAO,. Long prisms, si. soi. cold water, Vb 
sol. hot water, insol. alcohol or ether; reduces 
silver salts, and yields methylamine and an 
oxalate when boiled with alkalis. It gives off 
purple vapours when heated, and forms % subli¬ 
mate (Andreasch, M. 8,438). 

AMANITXNE v. Kbubxmx. 

AMABIMB V. Bekzoxo aldxbtdc. 
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AKBES. A fossil resin from Knifes s«c- 
cinifer. S.G. 1-06 to 1-10. It contains from 
8 to 8 p.o. suecinio aoid, also a resin [146°] 
soluble in ether but not in alcohol, a resin 
'106°] soluble in alcoM and other bodies. 
There is about 1 p.o. ash (0. Helm, P. [3] 11, 
229). When amber is distilled, succinic acid 
and oil of amber are goj. The latter (110°~2(!0°) 
is a mixture of terperies (Pelletier a. Walter, 
A.CA.[S]9,89). 

AMBBEIN. [25°-30°]. Extracted from am¬ 
bergris by hot alcohol. Ambergris is found in 
the intestinesof the spermaceti whale in tropical 
climates, and also Ooating in the sea. Ambrein 
is insol. water, v. sol. alcohol or ether, neutral to 
litmus. It cannot be saponified. It greatly resem¬ 
bles bholesterin (Pelletier, A. 6,24; J. Pli. 5,49). 

AMENYIi OLYOEEIN v. Tin -OXI-PENTANK. 

AUENYL-VAIEKIC ACID v. Dkcenoio acid. 

AMETHEKIC ACID 0,H„Oj (185°-230°).' Ky 
oxidation of diamylcne with chromic mixture 
(Schneider, A. 167, 209). 

Properties. —A light oil. 

Salts. —SrA' 2 ,8nq: needles.—Zn A'j: warts; 
aqueous solution forms a gelatinous pp. on 
heating.—AgA': diflioultlysoluble pulverulentpp. 

AMIC ACIDS. Bodies represented by the 
formula X"(C 02 n).CO.NHj, being at once amide 
and acid, e.g. oxamic acid. 

AHIDES. Bodies derived from ammonia by 
displacing one-third of its hydrogen by a mono¬ 
valent acid radicle (Gcrhardt a. Chiozza, A. Ch. 
[3] 46,129). When two-tliirds of the hydrogen 
is displaced by a divalent radicle the product i.s 
called an imide, but if the same amount of 
hydrogen is displaced by two monovalent 
radicles the product is still called an amide. If 
the whole of the hydrogen is displaced the pro¬ 
duct is also called an amide unless it is displaced 
by one trivalent radicle,when it is called a nitrile. 

Amides derived from ammonia by displacing 
one-third of the hydrogen by an acid radicle, c.p. 
NHj-CO.X, may also be looked upon as derived 
from mono-basic acids, X.CO.OII, by displace¬ 
ment of OH by NHj. 

Di-basic acids, T"(CO.OH)., form, in a 
similar way, first amic acids, Y"(C0.0II)(C0.1iIh), 
then di-amides, Y"(CO.NHj).^. Thus a di-amide 
may be considered to be derived from two mole¬ 
cules of ammonia by displacing onc-third of the 
hydrogen by a di-valent acid radicle. 

Formation.—\. By action of ammonia on 
others: X.CO.OEt + NH, = X.CO.NH, -s IIOEt.— 

2. By the action of ammonia on acid chlorides: 

X.C0.Ct -4 2NH, = X.CO.NHj + NH,C1. 

3. By the dehydration of ammonium salts: 

X.C0.0NH.-H^=X.C0.NH2. The rate at 
which this decomposition is brought about by 
heat has been studied by Menschntkin {G. It. 
98,1049)_4. By action of NH, on anhydrides: 

- (X.CO)jO + 2NH,=X.CONH 2 + X.CO.ONH,. 

The anhydrides of di-basic acids arc converted by 
this reaction into amic acids orimides.—6. From 
nitriles and cold cone, hydrochloric acid 
XCN + HjO = X.CO.NH,.—6. From nitriles, hy¬ 
drogen peroxide, and very dilute KOH (Ead- 
sisaew^i, B. 18, 366).—7. Prepared by heating 
acids with ammonic sulphocyanide for three or 
tonr days, e.g.: 

NH^SNC -4 2HOAO = 2AcNH, -4 008 + H,0 
(J. Schulze, J. pr. [2] 27, 612). 


Kopsrffes.—The amides are usually solid, and 
their melting-points serve to identify the several 
acids. They are neutral to litmus, but form 
compounds with acids; their typical hydrogen 
can in many cases be displaced by metals (Ag or 
Ilg).- The typical hydrogen can be displaced by 
alkojis, by treatment with acid chlorides, but 
heating with alkyl iodides does not result in the 
introduction of alkyls unless sodium has been 
previously introduced. Alkylated amides can bo 
formed by the action of alkylamines upon acid 
chlorides or ethers. 

Iteactions. —1. Converted by dehydration {e.g, 
withP^Oj) in to nitriles: X.CO.NHj=X.C:N + H.O. 

2. Converted into acids by boiling potash, 
boiling dilute HCl, fuming UNO,, or nitrous acidt 

X.CO.NH 2 + HNO, = X.CO.OH + H.0 + N^O 
(Franchimont, It. 2, 343). 

X.CO.NHj + HNO., - X.CO.OH + H ,0 + Nj. 

3. One of the typical atoms of hydrogen may 
be displaced by halogais-, when bromine and 
alkalis arc both present, compounds of the form 
X.CO.NKBr and X.CO.NKBr, are produced; 
these readily split up into KBr and cyanic 
ethers XNCO (Hofmann, B. 17,1106; 18, 2734). 

4. Phospluirns pentachloride reacts thus: 

X.CO.NH., + PCI, = X.CCh.NH,, -4 POCl,. 

The resulting compound splits oft HCl giving 
X.CChNH, = IICl + XCCl:NH a chloro-imide 
and X.CC1:NH = HC1-4XC:N.—5. PCI, acts 
upon alkylated amides, forming compounds 
with twice as many carbon atoms in the mole¬ 
cule. Thus CU,.CONHEt gives CH,CCl:NEt 
which then acts thus: 

2CH,CCl:NEt = NEt:CCl.CH.,.CMe:NEt + HCl. 
CHj.CONHPh acts similarly, while PhCO.NHPh 
and CCljCONHEl form only chloro-imides. 
Formanilide, IlCONPhH does toot produce 
NPh:CCl.CII;NPli but NPh:CH.NPhH, di- 
phenyl-fonnamidino (Wallach, A. 184, 1; 214, 
193). 

The HCl liberated in the decomposition 
X.CC1.,.NHY = HCl + XCCl :N Y 
may often convert undecomiwsed amide into 
amidine 2X.CO.NI1Y -4 HCl = 

XCO,H -4 XC(NY) (NH Y)nCl. 
Araidines mav also bo formed thus : 

XCONUY + xcci,xnY« 
XC(NY)(NHY)I1C1 + XCOCl. 

6. Heated with alcohol they form alkyl-am¬ 
monium salts: 

X.CO.NH, + IIOEt = X.CO.O.NII,,Et 

X.CO.NHEt -4 HOEt -- X.CO.O.NII.Et, 
X.CO.NEt.,-4 HOEt -X.CO.O.NHEt, 
(Baubigny, G. R. 96, 646).—7. ZnEt., acts thus t 

X.CQ.NH,-4 ZnEt 2 =.X.CO.NZn -4 2IlEt 
Y".(CO.NH,), + ZnEt,=y''.CAN,H,Zu -4 2HEt. 
These compounds arc decomposed by water, 
with reproduction of the amide (H. Gal, G. R* 
96, 1316).—,8. Phenyl-hydrazine reacts thus: 
PhNHNH, -4 NH,.CO.X=PhNH.NH.CO.X -4 NH, 
(F. Just, B. 19, 1201).—9. Dry HCl converts 
primary into secondary amides: 

2NAoH., + HCl = NAo,H -4 NH.Cl 

AMIDINES. The name is applied to com¬ 
pounds that contain amidogen and imidogen 
attached (o the same atom of carhop. Thus, 
CH,.C(NH).NH, is called acetamidine, that is 
to say, an imide derived from acetamide, while 
0,H,C(NH)NH, is called benz-amidine, the 
imide of benzamide. Other names for these 
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bodies are ethenjl amidine, benzenyi amidiae,. 
ethenyl imid-amidei beazeayl imid-amide, aoet- 
imid-amide, benz>imid*amide. The advantage 
of the imido-amide nomenclatare is chiefly seen 
in naming derivatives, thus CH8.C(NEt).NH3 and 
CH,.C(NH).NBtH may bo called acet-ethyl- 
imido-amide, and acet-imido-ethyl-amidc, re¬ 
spectively. But the advantage so gained is lost 
in the great lengthening of the names, and both 
bodies will therefore be called ethyl-acetamidine 
in ‘tois dictionary. They might be distinguished 
as tertiary and secondary ^thyl-acetamidine 
respectively. 

Dibasic acids can give rise to a variety of 
amide-imides, for which Wallach {.4. 214, 25G) 
proposes the following nomenclature:— 


“<c(Nn);NH! 


«<qNH) 


-imidine. 




Formation. —1. Amidines are formed by the 
action of amines on thio-amides or nitriles: 
Ph.CN + NPh,H = Ph.C(NH).NPh„ (Bernthsen, 
A, 184, 290, 321).—2. By the action of amines 
on the compounds (X.CChNH or X.CCliNY) 
formed by the action of PClj on amides (Wal¬ 
lach, B. 8.1575). 

Reactions. —1. H..S forms thio-amides: 
Ph.C(NPh).NPhH -h H.^S = Ph.CS.NPhH ^ H,NPh 
Ph.C(NH).NPhn - Ph.CS.NPhH -t- NH3. 

Another reaction also takes place: 

Ph.C(NH).NPhH + H,S - Ph.CS.NH, + NPliH,. 
This may be explained by supposing an inter¬ 
mediate compound, Ph.C.(SlI)(NH2).NPhH, to 
bo formed by addition of H-S. 

2. CS., acts thus: 

Ph.C(NH).NPhH + CS.2=Ph.CS.NPhH f HNCS 
Ph.C(NH).NPh2 -f CS2Ph.CS.NPh,. HNCS 
Ph.C(NPh).NriiH eSj=Ph.CS.NPIiH + PliN CS 

3. Action of aceto-acetic ether, v. p. 19. 

The reactions of the amidines are further 
described in such articles as FonMAMii)i.\E, 
Acbtamiwne, Benzauidinb, Manukl-amidine, 

pHENVIi-ACETAMiniNE, and PllENTL-nRNZAUmiNE. 

AMIDO-ACETANIIIDE v. Acetyl-PHEUXLESE- 


DI-AMINE. 

AMIDO-ACETIC ACID v. Glvcocoll. 

Acetyl derivative V . Ackturio acid. 
Benzoyl derivative t). Hirpoiiic acid. 
AMIDO-ACETO-ACETIC acid V. Acrto- 


ACETIC ACID. 

AMIDO-ACETO-NAPHTHALIDE v. Acktvl- 

HAIHTnYLENE DI-AHINE. 

AMIDO-ACETOPHENONES g,n.NO i.c. 
C,H,(KH2).C0.CH, Amidophmyl methyl ketone. 
o-Amido-acetopheaone (c. 249°). 
Formation,—1. By reduction of o-nitro- 
■Hsetopbenoue (eJovekoht, S. 16, 2086; A. 221, 
826).—2. By action of oono. R^SO, on a solu¬ 
tion of o-amido-phenyl-aootylene (Baeyer a. 
Bloem, 16, 2154).—3. By boiliijg o-amido- 
pbonyl-ptopioUo acid with water (B. a. B.). 

Preparation.—o-kmiio - phenyl • acetylene 
(60 g.) ia alowly dropped into cono. HjSO, 
(600 eA.) diluted with water (200 o.o.). After 


an hour, the mixiare is ponied upon ioe; 
neutralised with Na^CO,; distilled with steam; 
and the distillate extracted with ether. 60 p.o. 
of the theoretical yield ia got (Baeyer a. Bloem, 
B. 17, 964). Propertur —Thick volatile oil. 

Oxim [148°] (Munohmeyer, B. 20, 612). 

Salts. — B'H.SO,: needles. — B'HClSnCl,: 
needles, sol. alcohol.- B'jlIjPtCI,: yellow pp. 

Meaction .—By boiiiiirt' with alcoholic aceto- 
phemme and some NaOHAg it is converted into 
flavolin or pbenyl-inethyl-quinoline (0. Fischer, 
B. 19. 1030): C5H,(NII,).CO.Mo-4Ph.CO.CH.= 
CMe:CH 
H.04C.H.<^ :i:Ph 

Acetyl derivative C,iH^(NHAc).CO.OHs. 
[77°]. Silky needles (from benzoline), Sol. 
alcohol, ether, and hot water, el. sol. cold water. 

w-Amido-acetophenone [93°]. Formed by 
reducing the nitro compound by Sn and HCl 
(Buchka, B. 10, 1714; Hunnius, B. 10, 2009; 
Engler, B. 11, 932). Short yellow pyramids, sol. 
alcohol, and ether. 

Salt. —BTICl: long pointed crystals. 

;).Ainido-acetophe]iOQe (10G°J. 

Formation— the nitro compound 
by Sn and HCl (Drewson, A, 212,1G2). 

, iVeprtrafwi.—Aniline (2 pts.), ZnCl, (3pts.), 
and AcjO (5 pts.) are boiled together for 6 
hours ; the resulting acetyl derivative is saponi¬ 
fied. Yield 65 p.c. of the theoretical (Klingel, 


B. 18, 2687). 

Fro^rties.—hong fan-liko crystals (from 
water). V. sol. alcohol, ether and hot water, 
si. sol. cold water, benzene, and benzoline. 

SalU. —B'lICl: needles.—B'jH^PtCL: slender 
yellow needles.—B'^ILSO^: needles.—B 3HJC3O4; 
crystals, v. sol. alcohol. 

Acetyl derivative CHH4(NHAo).CO.OHa. 
[167°]. Small needles, v. sol. alcohol, and hot 
water, si. sol. cold water. 

Ethyl derivative v. Etiitl-amido-aoeto- 


PIIESoNE. 

Benzyl derivative v. Benzvii • amido- 
acetoptienone. 

I AMIDO ACIDS.—Amidogen, when attached 
I to carbon in an acid, behaves as it does in 
i amides (3. v.) or as in amines {q. v.) according as 
that carbon does or does not belong to carbonyl j 
in the former case the compound is classed as 
an amic acid (5.1;.), the term‘amido acid* is 
usually restricted to the latter class of bodies. 

Formaiim.—l. From the halogen derivatives 
of fatty acids, or their ethers, by the action of 
ammonia.—-2. From the nilro-derivativea of 
(aromatic) acids by reduction.—3. From alde¬ 
hydes, by action of hydric cyanide and NH,: 

X.CHO + HCN + NH3 = X.CHINH2)CN + ^0. 
The nitrile is then convertoa into amide by 
cone, HCl, and this is saponified by hot dilate 
HCl. In this way o-amido acids may be pre¬ 
pared ; alkylamido acids can be formed by usings 
alkylamines instead of ammonia (Tiemann, B. 
14,1982; Stephan, C. C. 1886, 470). • 

Properties.—Neutral bodies which combine 
both with acids and bases. Their neutjrality 
is probably due to self-sataration, as may be 
represented by a doubled formula: 
B.CH.NH,.O.CO 

CO.O.NH,.CH.R. 

Bcoctiond.—1. Converted by nitron acid 
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: Into ox 7 >aoid« («. p. 17, It d)t' ifcuio 
tivs* ( 3 < t>-) are first formed, ana tUi formation 
may oe utilised as a test for amido-aoids 
/Curtins, S. 17, 959).—2. When heated with 
wns or baryta, they lUit off 00, forming 
amines. This separation of CO, sometimes 
V occurs in/omo/io» 2: thus C,|H,(N 0 ,)Br(C 02 H) 

' [4:2:1] reduces to ?«.bromo-aniline (Scheufelen, 
k. 231,176); CjH,(N0j.,Cft,H [4:1:2] reduces to 
m-phenylene diamine (Wurster, B. 7, 149; 
OriesB, B. 7, 1225); while 0,ft(NO,)(00,H), 
[4:1:2] becomes m-amido-benzoic acid. In all 
these cases the CO, is split off from the position 
poro to NO,.—3. AcCl forms aoetyl-amido acids. 
4. Excess of methyl iodide, in presence of EOH, 
converts (fatty) amido acids into ammonium 
iodides: 

CH,(NH.).CO,H + 3MeI + 3K0H =. 
CH,(NMe,I).CO,K + 2KI + 3H,0 
(ESmer a. Menozzi, 0. 13, 350). p-Amido- 
benzoio acid is converted by Mel and EOH into 

the betaine while Etionly forms 

di-ethyl-amido-benzoio acid (Michael a. Wing, 
Am. 7,195).—6. Saturated with cupric hydroxide, 
suspended in hot water, they form blue solutions 
from which on cooling the copper salt separates. 
This occurs with leucine, glutamio acid, and 
aspartio acid. In the case of leucine, a portion 
remains dissolved, forming a blue mother liquor. 
In the case of mixtures of amido-acids, the 
copper salts are not so readily ppd., for they 
seem to render one another soluble (Schulze a. 
Batbieri, J. pr. [2] 27, 351).—6. The methods of 
displacing amidogen by halogens in aromatic 
bodies are mentioned under Aminks. 

AMIDO.ACEYUC ACID C,H,NO, i.e. 
CH(N1^):CH.C0,H, is formed by the action of 
alcoholic ammonia on /9-chloracrylic acid at 
100° (Pinner a. Bischofl, A. 179, 97). H. W. 

AHIDO-ALCOHOLB or Alkamines (q. v.) aro 
formed by action of bases on chlorhydrms or on 
alkylene oxides, e.g.: 

OHjCLOHjOH + NH,=CH,(NH,HC1).CH,.0H, 
and 

0H.V 

yO + NMe, + H,0 - CH,(NMe,OH).CH,OH. 

F. OXV-ETHVL-AMINK, NEOKISB, Ac. 

AUIDO-AIIZAItlN V. Oxv-auido-anibba- 
oerraoNxs. 

DI-AHIDO-AHABINE v. A marine under 
Benzoic aldehyde. 

AUIDO-AHYL ALCOHOL v. Oxy-autl-auine. 
AHIDO-AMYL-BENZENE C„H„N i.e. 
0,H,(0,H„)NH,. (258°) (0.): (260°-266°) (H.). 
An oil. Formed by heating amyl-aniline 
hydrochloride af'320° (Hofmann, B. 7, 629), or 
by heating aniline with amyl ilcohol and ZnOl, 
at 270° (Calm, B. 15,1643). 

BaUs.—B',n,SO,: silty needles.— 
'B',H,PtCl,: slender orange-yellow needles. 

Benzoyl derivative C,H((C 5 H||)NHBz. 
fo. 149°]. Pearly plates; sol. ^cohol, ether, 
benzene. 

AUID0.AHISIC ACID v. dfetityi-azY-AUiDO- 
wuizoio Acn>. 

AKKIO-ANIBOL v. Methyl-Joiwo-jfBmoh. 
AHLDO-AHIHBACENE v. Anthbauine. 
AUDO-AKTHBAaDIKONES OwH,NO,. M.w. 
228. Three have been described, Imt theoiy 


indicates only fwop (4 M < an psthays; 
identical. 

o-Amido-anthraqninone 

OA<co!6j>'^A-*^H»P)- 

Formation. —1. By reducing o-nitro-anthra- 
quinUme (Boemer, B. 15,1790). 

Properties. —Buby-red iridescent needles; 
may be sublimed. Sol. alcohol, ether, benzene 
and HOAo, forming orange liquids, v. si. sol. 
water. It is a weak base, dissolving in cone. 
HCI. Converted by nitrous acid into erythro- 
oxy-anthraquinone. 

Salt.—B'HCl; unstable white needles. 

Acetyl derivative C||H,0,NAoH [202°J. 
Orange-red needles, sol. alcohol and cold HOlAq. 

(a)-Aniido.anthraquinone [254°]. 

Formation.—1. From bromo-nitro-anthra« 
quinone (Claus a. Hertel, B. 14, 980) or from 
di-bromo-nitro-anthraquinone (Claus a. Dieren- 
fellner, B. 14, 1334) by sodium-amalgam.—2. 
From (a)-nitro-anthraquinone and sodium, 
amalgam (Bottger a. Peterson, A. 166,149). 

Properties. —^Bcd needles, may be sublimed. 
Sol. benzono and chloroform, si. sol. alcohol, 
and ether. Differs from the preceding by in¬ 
solubility even in fuming HClAq. 

m-Amido-anthraquinone 

Formation. —1. From anthraquinone *»• 
sulphonic acid and NH^Aq at 200° (Perger, B, 
12, 1666; according to Bouchardat, Bl. 33, 264, 
this reaction produces amido-oxy-anthraquinone) 

2. From its acetyl derivative, which is got by 
oxidising acotyl-anthramine by CcO, in glacial 
HOAc (Liebermanu, A. 212, 61). 

Properties.—Bed needles. Sol*aqueous HCI, 
insoluble in alkalis. By the action of HNO, 
and boiling alcohol it is converted into anthra- 
quinone. 

Acetyl derivative [257°] 

(P.); [263°] (L.); colourless needles. 

Di-amido-anthraquinones 

C,.H,.N 20 . 2 i.e. C„HA(NH 2 ), 

(a)-Di-amido-authr 8 qninon 6 [236°]. 

Formation.—1. From (a)- di-nitro-anthraqui- 
none either (a) by ammonio sulphide, ( 6 ) by 
aqueous NH, at 200°, nitrogen coming off 
(J. Fischer, j.pr. [2] 19, 209), or (c) by SnCl, 
and NaOHAq (Bottger a. Petersen, A. 160,148). 

2. By reduction of tetra-bromo-di-nitro-anthra- 
quinone (Claus a. Hertel, B. 14, 981). 

Properties.—Boi needles (from other), with 
greenish reflex (when sublimed). V. si. sol 
water, m, sol. alcohol, ether or acetone, v. sol. 
benzene. The solutions are purple. Hardly 
soluble in dilute acids; does not form salts. 

Reactions. —1. Nitrous add passed into its 
alcoholic solution forms anthraquinone (B.a.P.). 

2. Nitrous acid passed into its ethereal solution 
forms a brownish-violet powder, 0„H,N,0„ 
which detonates atabout 68 ° (B.a.P.).—3. Potash, 
fusion produces alizarin (Bottger a. Petersen,- 
B. 4, 778), or some similar body (Liebermann, 

B. 4, 231, 779). 

(i3)-Di-smido-anthraquinone [above 300°]. 

Formalion. —1. By boiling (B)-d^nitro-an. 
thraquinone with SnCi, and NaOHAq (Schmidt^ 
Xpr. [2] 9, 266). 

Prqpsrfils.—Beddish-^town fuwdsr; . 





fitam.i&datlE ted needlei.- St i6t water, v. sot 
attetd, ether, and benzene, forming nd solti- 
tioQB. Sol. oono. acids, but re-ppd. unaltered b; 
water. 

Md>l.amido-anthraquinone. 

iV^ration.^Alizarin (20 grms.) is heated 
for 7 hours at 170° with ammonia solution |l!00 
»0.0., 8 .G. 'OIS). Alcohol extracts the greater por- 
tion(6'2 grms.) of the insoluble residue (7’3 grms.). 
Water is added to the alcohol, and the pp. is 
dried f» vacuo and washed with ether (H. T. 
Perger, J.pr, [2] 18,136). 

Properlies. —Indigo-blue powder, which ac¬ 
quires a coppery lustre when rubbed. When 
HOI is added to its blue alcoholic solution (at 0°), 
the liquid turns cherry-red and deposits brown- 
red needles of a hydrochloride, which, however, 
is so unstable as to be reconverted into the 
amorphous blue base by merely washing with 
water. It does not dye mordanted goods. 

Beactions. —1. Boiled with potash it is con¬ 
verted into oxy-araido-anthraqumonc (q. v.): 
0„H,0,(NH.,), -r KOH = C„H.O,(OK)NH, + NH,. 
2. Similar reaction by boiling HCl.—3. i'ttsed 
with potash, or heated with IICI at 250°, forms 
alizarin.—4. By passing NjO, into its alcoholic 
solution until the blue colour is changed to pure 
yellow, it is converted into erythro-oxy-anthra- 
quinone, which is thrown down when water is 
added. Yield 95 p.c. 

(5) -Di-anudo-anthraquinone 

(3) NH,.C.H,<g®|lKo.n,.NH,( 6 ). 
[above 300°). 

Formation, —By reducing the corresponding 
di-nitro-anthraquinone, [above 300°] (Kocmer, 
H. 16. 366). 

PrqperfMS.e-Spleudid red metallic needles 
(by sublimation). SI. sol. alcohol, ether, acetone, 
and chloroform, with orange colour; v. si. sol. 
water. Very weak base. 

Beactions.—1. Boiling potash has no action. 
2. Diasotisation followed by boiling with water 
converts it into anthrarufin (o. Di-oxY-iUriHRA- 
QUn<OH£). 

Di-acetyl derivative CnH,0,(NHAc)j. 
Beddish yellow needles, v. sol. alcohol, and ether. 
UnDO-AiriHitAQTllNOHB SULFHONIC ACIDS 
0 „H,^ 1 S 0 , i.e. 0 „H, 0 JNH 2 )-S 0 ,H 

o-Amido-anthraquinone sulphonic acid 

®*®‘<Coj2j >C.H.,(NH,)(SO,n) [1;6:2:4). 
Formed by reducing nitro-anthraquinone sul- 
pbonic acid (Lifschutz, B. 17, 899). Silvery 
needles. 

(a)-Amido-anthraqninone sulphonic acid.— 
Prepared by reducing (a)-nitro-antliraquinono 
sulphonic acid (Claus, B. 15,1519). 'Sol. dilute 
acids, and in hot water, si. sol. cold water, 
alcohol, and ether. 

Salts.—NaA'l^aq : small red needles.- 
CaA'jSaq; red needles.-BaA'jbJaq: slender 
red needles.—CuA',7aq: yellowish-red needles. 

( 6 ) -amido-anthraqainone sulphonic acid.— 
Formed by reducing the lead salt of ( 6 )-nitro- 
anthraquinone sulphonic acid with H^S (Claus, 
B. 16, 1620). Red powder; v. sol. water forming 
a red solution, si. sol. alcohol, insol? ether. A 
weak acid. 

(a)-Di-amido-anthTaqnittane sal- 
f^eaie aelA 


Obtains from M-di-amido-anthraquInone by 
means of H^ 6 « containing dissolved SOj 
(30 p.o.) ; ppd. by ,water. The solution is a 
splendid red. It raav, be crystallised from 
alcohol. Sol. glacial iAPkO, and in acetic ether. 
Insol. ether, benzene or benzoline. On passing 
nitrous gas into its alcoholic solution anthra- 
quinone (a).sulpJ;iOiiicsaix il is formed. Potash- 
fusion forms alizarin. 

Salt.—BaA'^: insol. cold water (v. Perger, 
J. pr. [2] 19, m). 

AUIDO-ABACHIC ACID 

C.«H„NO,i.e.C„H,.(NHJO.,. [59°]. 

From nitro-arachio acid and SnCl, (Tassinari, 
B. 11, 2031). SI. sol. ether, m. sol. alcohol. 
Combines with neither acids nor bases. 

AHIDO-AZO-COUFODNDS v. Azo com¬ 
pounds. 

A1I1ID0-BE1IZA1.DRHTDE v. AMino-BEszoia 
SnOEnYDE. 

AMIDO-BENZAUIDR v. Amioo-benzoic acid. 

AHIDO-BEKZ-ARILIDR v. AMino-BEnzoia 

ACID. 

AUIDO-BBHZBHB V . Aniline. 

Di-amidc-benzene v. Fiienylene di-aminb. 

con-Trl-amidc-benzeno C,II,N,t.c. C„H,(NH,), 
[1:2:3]. [103°]. (336° cor.). Obtained by dis¬ 

tilling tri-amido-benzoic acid with pounded glass 
(Salkowsky, A. 163, 23). Crystalline; v. sob 
water, alcohol, and ether. Its aqueous solution 
is alkaline and gives with Fe,CI, first a violet, 
then a brown pp.; hypochlorites and nitrites 
give brown pps. Reduces cold ammoniacal 
AgNOjAq. HjSO, containing a little ERO, 
forms a blue colour. 

Salts.—B'2I1C1: si. sol. cone, hydrio 
chloride B".—IhSO, 2aq. 

i-Iri-amido-benzene C,H,(NH,),. [1:2:4]. 

[below 100°]. (o. 340°). 

Formatio^i.—l, From (a)-di-nitro-aniline, Sn, 
and HCl (Salkowsky, A. 174, 266).—2. From di- 
amido-azo-benzeue p-sulphouic acid by Sn and 
HCl (Griess, B. 15, 2196).—3. I'rom chrysoldin 
by reduction (Witt, B. 10, 658).- 4. From di- 
nitro-benzene-azo-benzeue sulphonic acid by 
reduction (Janovsky, M. 6,159). 

Properties. —Colourless plates. V. sol. water, 
end alcohol, si. sol. ether. Gives a red (G.) or 
green (J.) colour with Fo.jCI,Aq. 

Salts.—B"H,SO,. Needlesorprisms; si.sol.- 
cold water, v. si. sol. alcohol.—B"2HC1 [133°]: 
needles (Hinsberg, B. 19,1253). 

s-Tri-amido-benzene C,11.,(NH.,), [1:3:5] (?) 
The tin double salt, C,n,(NH.;),(HCl),SnCl„ of 
this base may be got from tri-nitro-benzeno (got 
by nitration of di-nitro-bonzenc) by Sn and - 
HCl (Hepp, A. 216, 348). Buteatter removing 
the tin by H,S, tiie hydrochloride of the base 
resinifies, NH,C1 being formed, although by 
evaporation in vacuo over H.SO, a very soluble 
white hydrochloride may be got. It gives ni 
colour with Fo,Cl,. 

Tetra-amido-benzene C,H-(NH,), [fc2:4:6] 
Formed by reduction of di-nitro-m-phenyleno dia 
mine with tin and SnCl,. The base is extremel; 
oxidisablc. An aqueous solution of the hydro 
chloride when treated with Fe,Cl, gives a pp 
of brown needles of C,BL,(NHJ,(NH).,H,C1,. 

Salts.—B"H,Cl,: v. sol. water, si. sol. corn 
aqueous HCL—B‘’,(H,SOJ,: sparingly solubl 
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large pistes.—B'^ELSO,! long sparingly soluble 
needles (Nietsbi a. Hageabaon, B. 20, 834). 

AHISO-BENZENE SBLFHOHIO ACIDS 
O^NSOi t.e. Anilim aid- 

phome acida. Id the brcmiiation of these acids 
Br never takes a position*^ to NHj (Limprioht, 
A. 191, 262). 

o-Amido-bensene sulpbonle acid 
C.H,(NHJS 03 H»: 1 : 1 ]. E..lat7°. 

Fomuition,—l. I’rora o-nitio-benzene sul- 
pbonio aoid (Bemdsen a. Limprioht, A. Ill, 98). 
2. From m-bromo-benzono sulphonio acid by 
nitration and redaction (Thomas, A. 186,128). 

Properties.—Dull white crystals like rhom- 
bohedra. Also, as HA';laq, in transparent 
shining prisms with many faces. Bromine 
added to a very dilate solution of the barium 
salt produces H-BO,, tri-bromo-anilino and 
( 1 ,4, 61- bromo-amido-benzeno sulphouic acid. 

Salts (Bahlmann, A. 186, 308).—KA'Jaq; 
prisms. — AgA': needles.—BaA'.. (L. a. B.).— 
BaA'j 2aq (TO.—PbA'., .laq. S. 3-4 at 6 °. 

m-Amido-benzene sulphonio acid 
C,P.(NII,)SO,H [1:3). S. 1-2 at 7° i 1-6 at 15°. 

From »-nitro-benzene sulphonio acid by 
reduction (Laurent, C. B. 31, 538; Schmitt, A. 
120, 164; Berndsen, A. 177, 82). Also from 
(1, 2, 4)- bromo-amido-benzene sulphonio acid 
and HIAq at 120° (Goslich, A. 180,102). 

Long slender radiating needles. Also, with 
IJaq in monoclinic prisms. SI. sol. cold water, 
V. sol. hot water, insol. alcohol, and ether. 
Aqueous solution turns red in air. When heated 
it decomposes without fusion. 

Beactims. —1. Bromine added to an aqueous 
solution produces no tri-bromo-nniline, but 
(1, 3, 4, 6 )- di-bromo-amido-benzene sulphonio 
aoid, (1, 3, 6 , 4, 6 )- tri-bromo-amido-bcnzcnc 
Bulphonic acid, and bromanil. Gidorinc acts 
similarly (Beckurts, A. 181, 211).—2. Does not 
produce quinone when oxidiaed (Meyer a. Stiiber, 
A. 166, 168). 

Salts: BaA '2 6 aq.—PbA'j. 

Amide C„H,(NII,).SO,NHj. [142°]. From 
m-nitro-benzene sulphamide, cone. NHjAq, and 
HjS (Limpricht a. Hybbeneth, A. 221, 204). 
White plates or long needles (from water). 

Hydro-ohloride.-C„H,(NlI-Cl)SO.,NH 2 . 
[236°]. Needles. 

Nitrous acid, passed into a cold mixture of 
the amide with a little HNOj, produces a di-azo 
nitrate, CjH,(NjN 03 ).SO.;NH.;, benzene sulph¬ 
amide, and a diazo-amido compound 

C.H,(SO,NIL).N-.NTI.C,H,.SO.,NH.; 
the latter, [183°], is insol. water, and is split up 
by HClAq into O.H.(SOsNHJCl, Nj, and 
NHrC.H,.SO.^H.,. 

p-i^do-beillene sulphcnic acid 
C.H,(NHj)S 03 H [1:4]. SulplUinilic acid. S. -6 
at 6 ®. 

Fonmtion. —1. By heating oxanilide or ani¬ 
line with HjSO, (Gcrhardt, J. Ph. [3] 10, 5).— 
2. By heating aniline with fuming II.jSO, at 
190° (Buokton a. Hofmann, C. J. 9, 259 j It. 
Schmitt, A. 120, 129).—3. From aniline and 
p-phenol sulphonio aoid (Pratesi, B. 4, 970; 
kopp, B. 4, 978).—4. By reducing p-nitro- 
benzent sulphonio acid.—5. By heating aniline 
ethyl-sulphate (Limpricht, A. 177, 80). 

Preparation. —Aniline (93 g.) is slowly poured 
into H„S 04 (60 g.) diluted with water. The 


solution is evaporated and the dried sulphate ii 
mixed with B^SOt (60 g.) and sand, and heated 
in a dish, with constant stirring, until it becomes 
solid. Crystallised from water. 

Properties. —Plates or trimetrio prisma (with 
aq); monoolinio (with 2 aq). 

Bttactiona. —1. Bromine-water gives tri-bromo- 
aniline and (l,3,2,5)-di-bromo-amido-benzene 
sulphonio acid.—2. Oxidised to quinone by 
K.jCr.jO, and H,SO,Aq (Meyer a. Ador, A. 169, 7) 
or by MnOj and H._.SO, (Schrader, B. 8, 759).— 
8 . KMuO, converts its potassium salt into the 
azo derivative C,H,(S0,K).N2.C„H,.S0,K (Laat, 

J. pr. [2] 20, 264), the corresponding azoxy- 
oompound being also formed (Limpricht, B. 18, 
14201.-4. PCI, forms C„H,(SO,Cl).NH.POCl, 
[158°], which is converted by alcohol into 
C,H,(SO,F.t).NH.PO(OEt)., [102°], and by methyl 
alcohol into CJI,(SO,Me).NH.l’0(OMe)j [114°]. 
The former is split up by boiling into alcohol, 
snlphanilic aoid, and hydro-di-cthylio phosphate. 
V. also Di-Baouu-AMino-BENZENe sultuonic aoib. 

Salts. — NaA'2aq. — KA'l^aq: triclinio 
prisms.—NH,A' 1 Jaq.—BaA', S.laq. — CuA', 4aq. 
— Aniline sulphanilate CJI,N2IIA'. Gives oS 
all its aniline at 100°. 

Acetyl derivative C„H,(NHAc)(SO,H)— 
obtained as the sodium salt by boiling sodium 
sulphanilate with acetic anhydride. The free 
acid has not been isolated, as it readily splits off 
acetic acid on evaporation of its solution. The 
sodium salt (A'Na) forms small colourless prisms 
very soluble in water, but less in alcohol 
(Nletzki a. Bcnckiscr, B. 17, 707). 

Amide-benzene di-sulphonic acids. 

l. C.H,NSA,i.e.C,n,(NH,)(SO,II),. [1:3:4?] 
From m-amido-benzene sulphoaie acid and 
fuming H-SO, at 180° (Drebes, B. 9, 652; 
Zander, A. 198, 21).—Ehombie octaliedra, v. e. 
sol. water or alcohol. 

Salt B.—(NH,), A" aq.— KJ." aq.-KHA".— 
Ba.A'’’14aq.-BaH,A",: S. 2-9 at 8°.-PbA" aq.— 
PbH,A'V 

IX. C,H,(NH,)(SO,H),2aq. [1:3:5]. From the 
corresponding nitro acid by reduction (Hein- 
zelmann, A. 188, 167). Four or six sided 
columns, v. sol. water, and alcohol, insol. ether. 
Bromine water gives a pp. of bromanil. 

Salts. — (NH,),A"aq. — HNH.A'Vaq. — 

K, A" 3aq.—K,A" 4aq.- KHA" aq.—BaA" 3Jaq. 
—BaH.A'',6aq.—PbA''3iaq.—PbII,A",6aq. — 
Ag,A".‘ 

m. C,H,(NHJ(SO,H), [1:2:4]. Di-sulplt- 
anilic acid. 

Formation.—1. By heating sulphanilio acid 
with laming H,SO, at 170° lor 6 hours (Buck- 
ton a. Hot)qiann, A. 100,164).—2. By heating 
o-amido-benzeue sulphonio acid with faming 
H.,SO, at 180° (Zander, A. 198, 17).-3. By 
reducing the corresponding nitro aoid (Heinzel- 
mann, A. 188,170). 

Properties.- Minute (red) clumps (from water). 
V. sol. alcohol, insol. ether. Bromine water 
gives tri-bromo-aniline, bromo-amido-benzene 
di-sulphoitio acid, and di-bromo-amiefo-benzene 
sulphonio aoid. 

Salts,—The acid salts are less soluble in 
water than the neutral ones.—(NH J,A" aq : small 
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heugonal priBms.—NH,HA''2aq; olDmpB.— 
KjA"iw.—KHA"aq: silky needles.— BsA" 3aq: 
loni-sided plates. — BaH^" m. — CaA" 2aq: 
minute white needles. — CaHiA"j: slender 
needles.—PbA"2aq.—PbH^A'jaq: small prisms. 
— PbH 2 A" 36 aq. — AgjA": prisms. — AgHA": 
needles or plates. d 

Di-amido-benzene sniphonic acids 
CjHjNjSOj. Phcnylene-di-amine sulylumic acids. 

I. OjH,(NHj),(SOaH) [1 : 2 or S: 3], S. 1 at 
10°. From the corresponding nitro acid (Sachse, 
A, 188,148).—Rhombic tablets. V. si. sol. alcohol, 
insol. ether. Turns brown in air. Metallic 
salts crystallise with difficulty. 

Salts.—HA'HCl: needles.—HA'HClSnClj. 
-HA'HBr.—H.;A'.,H,SO, aq.-HA'H.,SO, ^aq. 


n. C„H,(NH2 )jHSO, [1:2:4]. 

Small colourless needles. 

Preparation.—1 By snlphonation of o-pheny- 
lene-di^ine.—2. By reduction of (1:2:4) nitro- 
amido-benzene sniphonic acid. 

Salts.—A'jBa + .'i.lH.jO: easily soluble thin 
tables or needles.—A'.JCa + dH^O: soluble tables 
or needles (Post and Hardtung, B. 13, 39; A. 
205, 98). 

m. 0 ,H 3 (NH;),HSO, [1:3:4]. 

Preparatkm. —1. By snlphonation of m- 
phenylene-diamine.—2. By reduction of nitro- 
amido-benzeno sniphonic acid [1:3:4]. 

Dimorphous: monoclinic tables, a:5:c = 
1-31:1:1-36, or triclinio prisms, a: 6: c = 
•424:l:-!)28. 

Salts.—A'.iBa6aq: long soluble prisms. 
A'jCaSaq: soluble prisms or tables (Post a. 
Hardtung, B. IS, 40; A. 205,104). 

Di-amido-benzene di-sulphcnic acid 
CjHsNjSjO, aq i.e. OjH 2 (NH.). 3 (S 03 H )2 aq. From 
the nitro acid by reduction (Limprieht, B. 
8 , 290). V. sol. water. 

Salt.—SnA"aq: needles. 

AMIDO-BBNZENE FHOSFHONIC ACID 
OjH.NPO, i.c. O.H,(NH 3 )PO(OH).. From the 
nitro acid, tin, and HCl. Slender needles (from 
water); v. si. sol. water, v. sol. HClAq; iusol. 
alcohol and ether. Salts.-—NajA" 3aq.—Pb.V". 
CuA".—AgjA" (Michaelis a. Bonziuger, A. 188, 
282). 

DI-AMIDO-BENZHYDEOI v. Di-amido-m- 

PHENYI.-CAIiniNOr.. 

AMIDO-BENZOIC ACIDS O.H.NO^ i.e. 
OsH,(NH. 3 ).COjH. M. w. 137. The following 
derivatives are described in special articles: 
NiTBO-AMIDO-BENZOIO acid, CnI-01!0-AUU)0-BENZo:C 
ACID, OHLOBO - UBTnVL - AMIDO - lUi.VZOIC ACIP, 

Maiirn, - Aiumo - benzoic acid, Etuvl - Aniuo- 

BENZOIO ACID, PnENYL-AMIDO-DUNZOIO ACID. 

o-Amido-benzoio acid C,-I1,(NHJ.Q0.3H [1:2]. 
Anthranilic acid. [144°-145°]. 

Formation. —1. By reducing o-nitro-benzoio 
acid (Beilstein a. Kuhlberg, A. 163, 138).—2. 
By boiling indigo with KOHAq (Pritzsche, A. 
89, 83).—3. From (1, 2, 3), or (1,4, 6)-bromo- 
amido-benzoic acid by sodium-amalgam (Hiibncr 
a. Petermagn, A. 149,133).—4. From its acetyl 
derivative and boiling cone. HCl.—From 
isatoio acid {q. v.) and boiling cone. ECl. 

Properties.—Plates, or rhombic crystals 
(Ebushofer, A. 193, 233). May be sublimed. 


y. adl. water, aad alcohol. Oanverted by nilrous 
acid into salicylic: acid; and by sodiu»i-amal- 
ffam into NH, and benzoic acid. HCl and EOlO, 
form chloranil (Hofmann, A. 52, 65). Its 
anhydr ide is describe^ an Antiibahil. 

Salts.-HA'HC1: f. 91°]! needles (Kubel, 
A. 102, 236).—HA'ENO,.—(HA'),.H,SO,2aq: 
needles [188^.—(HA') ,H,SO,nq.—(HA'i^HjOjO,. 
—BaA'^: v. e. vJ. w.si. sol. alcohol.— 
PbA',,.—CuA',.—AgA'. 

Ethyl ether EtA'. (260°). Liquid; its 
hydrochloride, EtA'HCl, [170°], forms needles, 
insol. ether, and may be sublimed. 

Reactions.—1. Nitrous acul produces sali¬ 
cylic acid (Gcrland, A. 86,143) or diazobenzoio 
acid {v. Di-Azo compounds). —2. KCNO converts 
the hydrochloride of o-amido-benzoic acid into 
uramido-bonzoic acid {q. v .); Potassium sulpho- 
cyanide forms, similarly, thio-uramido-benzoio 
acid (q. o.).—3. Phenyl cyanaie (q. v.) forms 
NH,.CX-CO.NPh.CO.NPhH. — 4. Cyanogen 
passed into an aqueous solution forms C,H,N,0 
(Griess, B. 11, 1986), while in an alcoholic 
solution it forms C,„H,jN,0.„ [173°] (Griess, B. 
2, 415). The latter is converted by boiling HOI 
into C,HjN- 0.’, [above 350’], which is probably 
.NILCO" 

OXC I t* formed by heating 

\O.NH, 

o-amido-benzoic acid with urea. It forms 
crystalline nitro- and amido-dorivatives. 

The compound C|„H|,N.,0, ‘ethoxyl cyan- 
amidobcnzoyl ’ is converted by alcoholic NH, at 
100 ° into benzereatinine (q. o.). 

The compound CXN«0 ‘ di-eyano-amido- 
benzoyl,’ may be represented thus: 

. CO.N 

CX< II (Griess, B. 18, 2417). This 
\Nn.C.CN 


body gives the following reactions— a. Strong 
CO.N 


NHjAq converts it into C,!! 




\nii,c.co.nh„ 

‘ carboxamido-cyano-amido-beuzoyl.’— 6 . Aque¬ 
ous ammonium sulphide forms the corresponding 
CO.N 


cx 




-c. Baryta water forma 


\nii.c.cs.nh,. 

,CO.N 

C«H,\ II ‘ carboxy-cyauo-amido-ben- 

\NH.C.CO,H, 

zoyl ’; which is converted by dry distillation 
-CO.N 

into C,H,^ i| ‘ carbiraido-amido-benzoyl.' 

\nh.ch 

—d. m-araido-benzoio acid produces the anhy¬ 
dride of di-phenyl-guauidine dioarboxylic acid, 
/ CO.N » 

CsH/ II * —p-phenylena- 

\nh.c.nh.cx-CO.x 

diamine produces the anhydride of ami§o-di- 
phenyl-guanidine carboxylic acid 
CO.N 


CX 




All these bodiel may 


'\NH.d.NH.OXNH,. 

XH=N 

be looked upon as derivatives of Cja,< I 

\S=CH 


which may be called Quinatoline. 

Formyl derivative CX{NHCHO)CO,H^aq. 
[168°]. Formed by heating isatoio or o-amido- 





benwid fonkie Mid (E. t. Uejsr «. 

B«lUaiin,/.|)r. r3]88,34). Eaii-Uln needles; 
soL sloohol, ^ sol. benzene. 

Aeetf/l derivativt 0,H,(NHAo)CO^ 
[180®]. Formed by boj^g anthranil (}. v.) with 
A. 0 jO and treating the pliduot with water (Fried- 
Under a. Henriques, B. l5, 2105). Also by oxi¬ 
dation of (Py. 3)-methyl-Boinoline by KMnO, 
(Doebner a. Miller, B* T£e 30 7.^1. 

Preparation. — Aoetyl-o-tolVidine (1 g.) is 
oxidised by KMnO, (2 g.) dissolved in water 
(200 C.C.), the liquid being kept neutral by acetic 
acid (Bedson a. King, 0. J. 37, 762). 

I^rojperiies. —Lustrous leaflets (from water). 
Prisms (from HOAc). Trimetric, o:6:c = 
•982:1:2-803 (Fletcher). 

Solfs.—PbA'j: flocculent pp.—AgA': needles. 
Teats. —Solution of sodium salt gives with 
lead acetate a pp. sol. in acetie acid, with CaClj 
a pp. only on adding alcohol. 

Di-aeetyl derivative 0eH,(NAo2)COjH. 
[220®].—AgA'. 

Ohloro-acetyl derivative 
C^,(NH.CO.CH2C1 ).COjH. From acetyl deri¬ 
vative and PCI, (Jackson, B. 14, 888). Clumps. 

Di-chloro-acetyl derivative 
C,H,(NH.CO.CHOy.CO.,H. [c. 173“]. Prepared 
like the preceding. Yellowish needles (from 
water). 

Salt.—AgA'. 

Beneoyl derivative C,H,(NnBz).COjH. 
[183®]. By BzCl; or by acting on ber.zoyl-o- 
tolui^e with EMnO,Aq (Bruckner, A. 205, 
130). Long needles (from alcohol); insol. water. 

Salts.—NaA' 4aq.—MgA', 4aq.—CaA', 3aq. 
—BaA', 3aq. 

Oaaloxyl derivative v . Cabboxt-puenvl- 
oxuno Acn>. 

Amide C,H,(NH 2 )CO.NH,» - Amido-benz- 
amide. [108®]. (300“). From NH, and isatoio 
acid (g.o.). Vftite plates (from chloroform). SI. 
soL benzene and ether. Aqueous solution of 
(1 mol.) of its hydrochloride gives with NaNO, 
needles of 0,H,N,0, [213®]. This compound 
forms salts, e.g. GjHgNaNjO, and a methyl ether, 
0,H,MeN,0. The methyl ether, [123®], is also 
formed from the methylamide of o-amido-benzoio 
aoid. The new substance is probably 
XO.NH 

I (Weddige a. Finger, Xpr. [2] 35, 

362). 

Aoetyl-amido-benzamide 
0,H,(NHAo)CONH,. [171®]. ByAo,0. Needles. 
Forms salts with acids. If kept melted for some 
time it becomes solid, changing to the anhydro- 
• ,NH.C.CH, 

eompound, || ♦ Oxy.mefhyl-quin- 

'CO.N 

aaoKne (228®]. Yellow silky needles (from alco¬ 
hol). * Soluble in hot water. Forms salts with 
acids. 

F8rmyl-amido-benz amide 
0 ,H,{NH.CH0)C0NH5. [123®]. From dry formic 
acid and o-amido-benzamide. When heated 
this gives ILO and an anhydro-compound 
,NH.O.H 

OM/C I nxy-quinaeMne (A. Weddige, 
'CO.N 

J. or. [2] 31,124). 


iHfliis 0,E,(NBJCK>.NHFb. 
aniline and isatoic acid. Needles (from bcM^^l 

Phenyl-hydraeidt 

0.H,(NHj0OjiPh.NHr [170®]. Ftem isatoic 
aoid and pheuvl hydrazine in alcoholic solution 
at 70®. Yel;.,wneedles; sol. alcohol and chloro- 
fown, V. si. sol. ether (E. v. Meyer a. Bellmann, 
J.>. [2] 33, 21). 

Hydroxylamide O,H,(NHj)0O.NH.OH. 
[82®]. From isatoio acid (g.o.) and hydroxylamine 
solution (M. a. B.). Yellowish plates, sob 
alcohol, ether, and chloroform. 

o-Oxy-phenyl ether 

0,H,(NH»).CO,.O.H,OH. [136°]. From isatoio 
aoid and pyrooatechin at 130° (M. a. B.). Needles 
(from water). Sol. alcohol and ether, si. sob 

m-Amido-benzoic acid 0 ,H 4 (NH,).CO,H [1:3], 
[173®-174®]. S.G. 1-51 at 4“; S. 2 in cold water, 
4 in boiling water or alcohol. 

Formation. —1. From m-nitro-benzoic aoid 
by reduction (Zinin, d. pr. 36, 103; Qerland, 

A. 86 , 143; 91, 185; Schiff, A. 101,94; Beil- 
stein a. Wilbrand, A. 128, 265).—2. From nitro- 
phthalic aoid, Sn, and HCl (Faust, Z. [2] 6 , 
335).-3. From C,H,Br(NH,)CO,.H [4:3:1] by 
sodium-amalgam (Kavcill, A. 222, 180). 

Properties. —Crystalline clumps; sweet taste; 
may be sublimed. Aqueous solutions are browned 
by air. 

Beactiom.—l. IICl and KCIO, form ohloranib 

2 . Bromine forms tri-bromo-amido-benzoic 
acid. 

3. Nitrous acid forma m-di-Azo-benzoic acid. 

4. The solution containing m-diazo-benzoio 
acid gives m-oxy-benzoio acid on heating. 

5. Fusion with urea produces uramido-ben- 

zoic acid (q. v.). • 

6 . Boiling with CSj and alcohol produces 
thio-carbonyl-di-amido-di-benzoio aoid, 
CS(NH.C„H,.CO,H), (Merz a. Weith, B. 3, 
812). This body is also formed by heating 
m-amido-benzoio acid with thio-urea; and, 
together with thio-oarbimido-benzoio aoid, by 
heating m - amido - benzoic acid with CSCl, 
(Bathke a. Schiifer, A. 169,101). Thio-carbonyl- 
di-amido-di-benzoic acid does not melt below 
800°; it is v. si. sob water, m. sol. alcohol or 
ether; converted by HgO, in presence of KOH 
(Griess, A. 172, 169), into carbonyl-di-amido-di- 
benzoic acid. 

7. CSCl, produces the last-mentioned body 
and also thio - oarbimido - benzoin acid 
SCN.C.Hj.C 02 H. This may also be prepared 
by boiling thio - carbonyl - di - amido - benzoic 
aoid with HCl. It is an amorphous insolu¬ 
ble powder, v. si. sol. alcohol. Decomposes 
above 310®. It unites with aniline forming 
di-phenyl-thio-urea carboxylic acid, 
PhNH.CS.NH.O,H,.CO,H [191®]. This body is 
also formdd by heating phcnyl-thio-carbimide 
with m-amido-benzoio aoid at 100’ (Merz a. 
Weith, B. 3, 244). It forms slender needles 
(from water). V. sol. alcohol, and ether, sb 
sol. benzene, and benzoline. AgNO, added to 
its alkaline solution gives a black pp. of AgjS i 
Fe,Cl,Aq gives a yellow pp.; Pb(OAo), a white 
pp.; and’OnSO, a green pp. (Asohan,©. 17, 4S0)t 

8 . Pfeosyeneproduces oarbonyl-di-amido^ 
di-benzoic aoidCO(NH.OA.CO,H), (Sarauw,^ 

B, 15,44). This Imdy is also formed by hesi-e 





lag, M.iii^do*b«u»n>uadd «•) i^ 300°. 

(tiaolw, B. Id, SIM). Wbit< powder ; insol. 
wnUr, alcohol, and benzene, std. alkalis.— 
BaA." 8 a(i. —Ag,A".—PbA". Its ether EtjA", 
[ldl®-162“], is formed by heating wt-nramido- 
b«uoio ether (Griess, X pr, [2] 4,294): needles 
dilute alcohol). 

9. Phenyl cyanate forma on hcatifg, 
phenyl-nramido-benzoic acid, 
NPhH.CO.NH,C.H,.CO.,H. [270°]. Concentric 
prisms, sol. alcohol, si. sol. ether, insol. water 
(Kiihn, B. 17,2882). 

10. Aqueous KCNO evaporated with «i-amido- 
benzoio acid forms thio-uramido-benzoic 
oo»<i!NHj.CS.NH.C„H,.CO,H(Arzrani,B. 4,406). 

11. Phenyl cyanate (q.v.) forms di-phenyl- 
urea carboxylic acid C 04 H.CQH,.NH.CO.NPhH. 

12. PCI, converts amido-bonzoio acid into a 
white powder which, when extracted with water, 
yields a solution greatly resembling solutions 
of albuminous substances. Thus if a littlo 
lime-water, NaCl, or MgliO,, be added the liquid 
may be coagulated by heat, more especially if 
OOj be passed through the solution before heat 
is applied (Grimaux, G.B. 98, 231, 1336). 

13. Cynnogen gas passed into an aqueous solu¬ 
tion forms a dicyanide of amido-benzoic acid, 
and oyan-carbimid-amido-benzoic acid. Cyano¬ 
gen passed into an alcoholic solution forms the 
dicyanide, guanido-di-benzoic acid, and ethoxy- 
carbimid-amido-benzoio acid. 

The di-cyanide (CN).jNH.,.CJI,.C 02 H, is 
a yellow, crystalline powder, insol. water, v. si. 
sol. alcohol or other. It docs not form metallic 
salts (Griess, B- 11,1986; Gricss a. Leibius, A, 
113, 332). On distillation it forms m-amido- 
benzonitrile (Griess, B. 1, 191; Hofmann, B, 
1, 194). Hoiliqg KOHAq or HCl converts it 
into benz-crcatine (j. v.) (Griess, B. 3, 703). 

Gyano-carhimidamide-henzoie acid 
C 02 H.CaII,.NH.C(Nn).CN forms elliptic plates, 
V. si. sol. cold water, sol. acids and alkalis. It 
reacts as follows:—a. Nitrous acid converts it 
into oyano - oarboxamido - benzoic acid, 
CO,H.C,H,.NH.CO.cn. (Griess, B. 18, 2415), 
which forms white plates, insol. cold water, with 
sweetish taste; boiling water converts it into 
HCN, CO,;, and carboxy-amido-bcnzoic acid ; 
dilute NHjAq forms uramido-benzoio acid.— 6 . 
Cold dilute UCl forms small prisms of oarbox¬ 
amido - carb i midamido - benzoic acid 
OOjH.0,H,.NH.C(NH).CO.NH,; v. sol. hot water; 
its aurochlorido, HA'HAu01,l^aq, crystallises 
in needles (G.).—c. Cold aqueous di-methyl- 
amine forms C 0 ;H.C,H,.NH.C(NH).C(NH).NMc 2 ; 
six-sided plates, v. sol. hot water, si, sol. cold 
water, converted by hot NSaCO, aq into ns- 
oarboxy-phenyl-oxamido NH, and NMe^H. 

Quanido-di-benzoic acid 
NH: 0 {NH.O.H,.CO.,n )2 is also formed fromthio- 
■ earbonyl-di-amido-di-benzoic acid, 4IgO, and 
NH, (Griess, A. 172, 172). It is crystalline. 
8 al t s.-BaA".-H,A"IICl.-(H,A"HCl);PtCl,. 

Ethoxy - carbimidamido - benzole 
acid, Et6.C(NH).NH.C,H,.CO,Hliaq forms 
needles (from water), sol. alcohol, and ether; 
converted by alkalis into cdcohol and ^uramido- 
benzoio aoii; nitrous acid converts it into 

Oarboxy-amido-benzoic acid mono- 
sthyl other CO,Et.NH.C.H..CO,H [189°]. 
tbis: acid Is also formed from amido-benzoio 


m 


addVatod B orystalliset in plates 

{6om water). Salts.— BaA',2aq. — AgA' 
toriess, B. 9, ■796; Waohendorff, B. 11, 701). 
Ether Eth' [101°]; plates (from water). Amide 
0„H,.NO,NH,. [168°] (W.). 

Salts.—HA'HCl: i/isms (Cahonrs, A.Ch. 
[3] 63, 322 ).-(H.VHC#tCl,.-HA'IIClSnCl,.- 
HA'HBr. -HA'HNa^(HA')..H..SO,nq. [225°]. 
HA'H3P0, (HarbqrJ},.^. 123, 290).—IiaA',4aq. 
— CaA'j 3aq. -^>CuA'; — Pb.A',. Needles. - - 
MgA'.;7aq.—Agi'—NaA' (at 100°) (Voit, A. 99, 
100).—SrA', 2aq.—ZnA'.; (when dried at 100°). 

Methyl ether. —MeA'. Oil (Chancel,0.iJ. 
30, 761). 

Ethyl ether,—Elk', (294°). Liquid, sol. 
water; from 7n-nitro-benzoio ether. Salts; 
EtA'HCl. [185°]. (Muller, B. 19, 1493). — 
(EtA'HCl).;PtCl,.-EtA'HNO,; prisma. 

Acetyl derivative C„H,(NHAo).CO,H. 
[246°]. Fomuilion.—l. By AoOl or by HOAo 
at 140° (G. C. Foster, G. J. 13, 236).-2. From 
amido-benzoio acid (10 g.) and acetic other (26 
c.c.) at 150°. (Pollizzari, A. 232,148),—3. From 
amido-benzoio acid and acetamide (P.), or AOjO 
(Kaiser, B. 18,2946). Properties. —Write powder, 
V. sol. hot alcohol, si. sol. hot water, v. si. sol. 
cold water and ether. Dissolves in Na-HPO.Aq, 
but ro-ppd. by HOAo. May be sublimed. Salts. 
—BaA'- 3aq: needles.—CaA', 3aq.—NaA'(at 120°). 
i'ornn/l derivative 

C„n,(NH.CHO).CO,H. [225°] (Pellizzari, 0. 16, 
555). 

Ileptoyl derivative 
C3H,(NH.C,H„0).C0.H. [202’] (P.) 

Glycollyl derivative 
C,H,(NII.CO.CH;OH).CO,,n. [212°]. Gives at 

220 °theauhydrido<^^>J^-OA.CO,H, [248°]. 

Acetyl derivative. [198°]. 

Lactyl derivative 

CH:,.Cn(OH).CO.NH.C,H,.CO,H. [162°]. Its 
anhydride melts at [243°] (P.). 

Benzoyl-derivative C,H,(NHBz)CO,H. 
[248°]. 1. From amido-benzoic acid and benz- 
amido at 180° for 2 hours.—2. By boiling amido- 
benzoio acid (2 g.) with benzoic ether (4 c.c.) for 
6 hours (Pellizzari, A. 232,160).—3. From amido- 
benzoic acid and benzanilide at 230° (P.). Mi¬ 
nute prisms (from alcohol). Soluble with ease 
in alcohol, less so in ether or water. Its Ca 
and Ba salts are soluble. Resolved by hot KOH 
into benzoic and amido-benzoio acids. Anilide, 
—C,H,(NHBz)CONPhH. [225°]. By heating 
C 3 H,(NBzH)CO,H with aniline for some hours. 
Oxaloxyl derivative v. Cabboxi-jhbnti,. 

OXAHTO ACID. 

SuLCinyl-derivative C„HjNO, or 
Cn 3 .C=N.C,H,.C 03 H. •» 

I \ • (’)• [235°]. Formed by 

CH..CO.O 

melting succinoxyl-amido-benzoio acid, or by 
fusing succinic and amido-benzoio acids together 
(Muretow, J, B, 4,295; Pellizzari, B. 18, 215). 
Needles (from alcohol). SI. sol. cold water. 
S alts.—BaA'j 2aq.—AgA’. 

Succinoxyl derivative 0„H„NO, t4. 
CO,n.OH;.CH,.CO.NH.G^,.CO,H. [230°]. &rom 
the preceding by boiling with water, baiyta or 
ammonia (M.). Plates; m. sol. water. 
BaA" IJaq. 

Suocinyl-di-amido-di-benzoic actii 
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AMIDOi-BENZOIO^^AiQltl^ 


0,^5,AO. U. 0A(C10J?H.0.H..C0Ar (») 

g kSOB"]. Formed together with 

OA-OH,.CH,.CO.NH.OA-COA by b“t>og 

slcoholio gnceinio ether with amido-benzoic acid 
(M.; P.). Also from sucoinyl-amido-benzoio 
acid, alcohol, and HCl«!.). White oryatalline 
powder. Soluble in KOBAq. Salts: CaA"7aq. 
S. ;2.—BaA" 5aq: needles;,. 

Phthalyl OuHjNOj i.e. 

CA:CA:N.C.H,.C0..H. [282'Formed to¬ 
gether with its ether by heating amido-benzoio 
acid with phthalic ether (Pellizzari, B, 18, 216). 
Ethyl ether: A'Et. [152°]: radiating needles. 

Sebacyl derivative C..,H 2 ,N.O, i.c. 
C,H„(CO.NH.C.H,.CO,H).,. [275°]. 'Formed 

together with CO.,Et.C,'H,;CO.NH.C.H,.CO.Bi by 
heating sobacic ether with amido-benzoic acid in 
alcoholic solution (P.). White powder, si. sol. in 
most menstrua. 

Amide C,H,(NH...).CO.NHjaq. Amido-bens- 
amide. [75°]; when dry [above 100°]. From 
m-nitrobenzamide by ammonium sulphide (H. 
Schiff, A. 218,185; Chancel, A. 72, 274). 

Properties, —^Large, yellow crystals. Unites 
with acids fonning compounds:—C,H,N..0HC1: 
needl6s.-C,II,N,,0HN0,.—(C,H.N.OHCl)jPtOI,. 
—C,H,N.O-igNOj • needles. 

Bract ions. —1. Aqueous solutions (even when 
very dilute) give with fatly aldehydes crystalline 
pps. of the form n.CH(NH.C,H,.CO.NH.).. 
These are soluble in alcohol, but give with 
HNOj containing CrO, a violet colour. They 
differ from original amido-benzamidcs in being 
no longer basic and in giving no coloured com¬ 
pounds with fnrfurol solution.—2. Aqueous 
salicylic aldehyde gives yellowish needles of 
C.H,'(OH).CH;N.O.H,NH,. [186°]. V. c. sol. 
alcohol or warm water. This compound, o-ozy- 
benzylidcne-amido-bonzamide, boiled with ben¬ 
zoic aldehyde forms a product ‘O" 

soluble in water, alcohol, ether, toluene, chloro¬ 
form or CSj, but maybe crystallised from phenol 
(2 yols.) and alcohol (1 vol.). It may be con¬ 
sidered to be an anhydride of 

C.H..CH(Nn.CO.C„H,.N:CH.C.H,-OH).,. 
Boiled with Ac..O it takes up 1 molecule of Ac-O 
fonning small needles. Dilute aqueous NH, 
reproduces the compound C.jILjNA. — ,8. 
Helicin (2 pts.), m-amido-benzamide (1 pt.), and 
water (10 pts.) form yellowish plates of a gluco- 
side of o-ozy-benzylidene-araido-benzaraide 
[113°]: NHj.C0.CA-N:CH.C.H,.0.C.H„0,2aq. 
4. Boiled with an alcoholic solution of isatin 
it forms a crystalline powder [o. 280°] of isat- 
amido-benzamide: 

iN.CBlIt.CO.NIIj. The compounds 

NH 2 .CO.CJl 4 .N:X derived Irom aldehydes and 
amido-benzamide are decomposed by heating 
witb,aniUne into amido>benzamide and PbN:X 
(Schiff, 0.13,113: A. 218,185). 

Phihalyl-amidO‘hemamide 

NH,'?CO.C.H,.N:C.C.H, 

O.CO P40°-241°]. Got by 

fusing m-amido-benzamide with phthalic anhy¬ 
dride. Bundles of slender needles (from alcohol). 
V. sf. sot. water. Heated with aniline gives 
phenyl-phthalimide and amido-benzamide (H. 

Bobiff, A. 218,194). 


. m-Amiio-itniamiiexin 
0A(I7H.)-C(NH.);N0H. A crystalline inUd; 
formed by reduction of m-nitro-benz-amidoiiin 
with SnOlj. Salt.—B'HCl; prisms (Soh5pff, 
B. 18, 2472). 

Anilide NH2.0.H,.CO.NPhH. Amido- 
bensanilide. [129°]. (P.); [114°] (E. a. V.). 
Fdjimed by heating »t-nmido-benzoic acid with 
aniline (Piutti, B. 16,1321) or by reducing m- 
nitro-benzanilide (Engler a. Volkhausen, B. 8, 
35).—Silvery scales (P.) or long needles (from 
water, B. a. V.). Heated with aniline at 200° 
it forms two isomerides, (CjHjNO),, one soluble 
in alcohol, [225“], called ‘ amido-benzoido,’ and 
the otlier an insoluble powder (Piutti, 0, 13,339). 
Salts:C„H,AOHCl.-(C,,H,jNjO),AS04 

p - Amido - benzoic acid C„lI,(NHj)COjH- 
[186°-187°]. Amido-dracylic acid. 

Pormation. —1. By reducing p-nitro-bonzoio 
acid (G. Fischer, A. 127, 142; Wilbrand a. 
Beilstein, A. 128, 264). — 2. By boiling its 
succinozyl-derivative with HCl (Michael, B. 10, 
576). 

Preparation. —50 pts. of acotyl-p-toluidine is 
suspended in about 2000 pts. of boiling water 
and oxhlised by slowly adding 200 pts. of finely 
powdered KMnO,. The solution is filtered from 
MnOj, the aoetamido-benzoio acid ppd. by HCl, 
and saponified by boiling lor an hour with strong 
HCl (Kaiser, B. 18, 2942). 

Properties. —Long white needles, not coloured 
by moist air. When heated with urea it forma 
CO(NH.O.H,.COjH)j (Griess, J. pr. [2] 5, 370). 

Salts.—BaA^: shining lamina;, sol. water. 
—A'.Pb.OAc, ppd. by Pb(OAc).^Aq (Ladenburg, 
B. 6, 130). — (HA'),H.,SO,. - The copper-salt 
is a dark-green pp. (Goitner a. Beilstein, A, 
139,1). 

Acetyl derivative C,fi,(NHAc).C02H' 
[250’]. Formed from aoetyl-p-toluidine by 
KMnO, (Hofmann, B. 9, 1302). Needles, si. 
sol. water. Salt:AgA'. 

Beneoyl derivative C„n,(NHDz)COjH. 
[278°]. From benzoyl-p-toluidine, CrOj, and 
HOAc (Bruckner, A. 205, 127).—Small needles 
(from alcohol). Salts. —BaA',.—CaA'.^. 

Snocinoxyl-derivative 
CO,H.CIIj.CH,.CO.NH.C.H,.CO.,H. [226°]. From 
p-tolyl-succinimido and dilute KMnO, (Michael, 
B. 8, 577). Yellowish needles, si. sol. cold 
water. Salt.—C|,H,„NOiAg. 

Amide C,H,(NHJ.CO.NHj. [179°]. Formed 
by reducing p-nitro-benzamide (Beilstein a. 
Eeichenbach, A. 132, 144). Yellow crystals, si. 
sol. water. 

Bi-amido-benzoio acids C,H,NA (Griess, 
A. 154, 325; B. 2, 47, 434; 5, 192; 7, 1227; 
17, 003; Pr. 20, 168; Wurster a. Ambiihl, B. 
7, 213; V. Meyer a. Wurster, B. 5, 635; A, 
171, 62). These acids can be formed by 
reducing ithe corresponding di-nitro-, or nitro- 
amido-, benzoic acids. They are soluble in water, 
combine both with acids and bases, and split 
up, when distilled with baryta, into COg and 
phenylene-diamine. 

Nitrous acid converts the (a) acid into amido- 
di-azo-^enzoio acid, 0,Hj(NH,)^^^0; the 
(fi) and (r) acids are converted by it into 
I azimido-benzoic acids, HN,;CA-9^A ^hii* 
I the symmetrical acid becomes tn-amido-azo-beB, 





Mid m 0,H,(NHJ(00^).N,.0.H,(NHi,00jH 
V. Azo compounds. ^ 

8‘di-amido‘benzoic acid 
0^(C0^)(NHo).aq [1:3:6]. [228°]. S.HM8® 
(Voit, A. 99,106 r Hubner, A, 222,85). Cofour. 
less needles, neutral to litmus; loses aq at 110°. 
Very dilute solutions are turned yellow by HNO^. 
Salts.—HA'2HC1: ncedles.-HA'flaSOl— 

S. 1-05 at ll°.-BaA', l^aq.—AgA' 2aq. 

Amide CbII 3 (CONHo)(NH 5{)3 di-amido-benz- 

amide. [177"] (V.); '[183°] (M.). Needles 
(Murefcow, Z. [2] 6, 642). Salt.— 
0,HjN,02HCl: silky needles. DUacdyl-dcnva’ 
tive 08a,(CONAc2)(NH2)2 2aq. [Above 270°]. 
Thin needles, si. sol. cold water (M.). 

{e^‘di‘amidO‘benzoic acid 
0,H3{C0.JI){NHj) 2. [1:2;6]. Formed also from 
nitro-isatoic acid by Sn and HCl (Kolbe, J. 'pr. 
[2] 30, 480). Very small prisms (from water). 
V. si. sol alcohol, other, and boiling water (Q.). 
The free acid turns blue in air. 

Salts. — HA'H..S 04 ; needles, ▼. si. sol. 
water.-HA'2HCl (K.). 

(ff)‘di‘amidO’benzoic acid 

C,H3(C0jH)(NH,), [1:3:4]. [211°] (Salkowski, 

if. 173, 57; Oriess, P. 5, 856). Plates. SI. sol. 
cold water. 

Salts.—IIA'H.SO^: plates; t. b1. sol. hot 
water.—HA'HCl ijaq. 

{y)‘di‘amidO‘bcnzoic acid 

C^3{C0,H)(NH,)., [1:2:3]. Long needles. 

Salt.—(HA'l^jH^SO^ IJaq : six-sided tables or 
oolunma, v. si. sol. water; Fe^Cl^ colours its solu¬ 
tion brownish-red. 

Tri-amido-benzoic acids C^HeNjOj. 

!. 0,H2(C0,H)(NHj)3jaq [1:3:4:6J. From di- 
nitro-amido-bcn%oio ' (or chrysanisio) acid 
(Salkowski, ^4.163,12). 

Needles (from water). SI. sol. cold water, 

T. sl. sol. alcohol, and ether; solution is acid. 
Heat splits it up into GO.^ and tri-amido-benzene. 
Its solutions give a brown pp. with Fo^Cl,,. 

Salts.—HA'2nCl: silver-grey needles.— 
HA'(HCl)2SnC1.4 3. 2 aq:monoclinic.—HA'ILSO^ aq: 
sl. sol. hot water. — HA'2HNO,. — CaA'^. — 
ZnA 2 6aq. 

11. CJl.,{CO.,n){T^n,)^ [1:2:3:5]. Formed by 
reduction of p-sulpho-benzene-azo-s-di-amido- 
benzoic acid (Oriess, B. 15, 2200). 

Colourless crystals; v. sol. hot water; sl. 
6oI. alcohol, insol. ether. Very readily oxidised. 

Salt.—HA'H.^S 04 ; small white needles, ?. 
sl. sol. water, insol. alcohol. 

References. —CnLono-, Brouo-, Iodo-, Nrmo-, 
and METUVL-, amido-benzoio acids and auido- 
BULPno.BE\ZOIC ACED. 

AHIDO-BENZOIG ALDEHYDES G,H,KO. 
o-Amido-benzoio aldehyde C 4 H 4 (NH 2 ).CHO 
[1:2]. [40°]. Formed by oxidisifig its oxim 
with FejCl^ (Gabriel, B. 15, 2004). 

Prrparaticw.—o-nitro-benzaldehyde (3 g.) is 
digested with FeS 04 (50 g.) and NH, at 100° 
(Friedlander a. Gohring, B. 17, 456). 

Properties .—Silvery plates; volatile with 
steam; may be distilled. V. sol. alcohol, ether, 
and benzine, sl. sol. water, insol. li|;ht petro¬ 
leum. 

8aU. —B'jHsPtGlf: large yellow prisms (from 
HOlAq). 


iteicfi5na.--^Very stable towards alkalis, hai 
condensed by acids to OhH^NjO, which is 
probably OsH 4 (NH. 4 ).OH:N.CfH 4 .CHO; this form* 
small colourless needles [189°], is not volatile 
with steam, and possesses only w*eak basic pro¬ 
perties; NH,Aq, cono.^IOlAq, and hot dilute 
HClAq reconvert it inh^mido-benzaldchyde. 

Acetyl deriv^ive CgH 4 (NHAc).CHO. 
[71°]. White nee(lJa^:rif.d) 8 nacr, B. 15, 25t2). 

Oxim 0,B.£%)Vu.isOU. [133°]. Formed 
by reducing ^^itro-bcnzaldoxim (Gabriel, B. 
14, 2338; 15, 3057; 16, 517). Needles; may 
be sublimed. Sol. alcohol and other, sl. sol. 
water and benzene. Its methyl derivative 
CyH,(N]l 2 )CH:NOMo melts at [58°] (K, Meyer, 
0. C. 1885, 616). Its acctyl-mcthyl deriva¬ 
tive C«n 4 (NHAc)CH:NOMe [109°], and its di- 
acetyl derivative C^H,(NHAc)On:NOAo 
[128°] are crystalline, insol. acids and alkalis. 

m-Amido-benzoic aldehyde. 

Oxim 0 ,H 4 (NH.).Cn:NOH. [ 88 °], Formed 
by reducing w-nilro-benzaldoxim with FeSO, 
and NHj (Gabriel, B. 16,1997). White felted 
needles. Sol. alcohol, ether, and hot benzene, 
sl. sol. cold benzene, and benzoline. Dissolves 
in acids and alkalis. Salt: B^LPtCIg; orange 
yellow tables. 

p-Amido-benzoic aldehyde C„H 4 (NHj).CHO 
[l:4j. [71°]. Formed by action of acids on 

its oxim. Flat plates, sol. water. With acids 
it forms red salts. 

Acetyl derivative C 4 n 4 (NHAc).CHO. 
[155°]. Long white needles. 

Oxim. — C,n 4 (NH 2 ).CH:NOH. [124°]. 
Formed by reducing the oxim of p-nitro-bonzoio 
aldehyde by ammonium sulphide (Gabriel a. 
Herzberg, B. 10, 2000). Flat yellow crystals, 
sol. water, alcohol, ether, acids, and alkalis. Its 
acid solution is resolved, even in the cold, into 
hydroxylamine and p-amido-benzoic-aldehyde. 
Acetyl derivative C,H 4 {NHAc).CH:NOH. 
[206°]. White plates. 

AMIDO-BEHZONITRILES C-H^N^. 

o-Amido-benzonitrile NIl 2 .C„H 4 .CN [1:2]. 
[103°]. By reduction of o-nitro-bcnzonitrile 
(Baorthlein, B. 10,1714). Needles; v. sol. water, 
alcohol, and ether. 

w-Amido-benzonitrile Nn..C,jH 4 .CN [1:8]. 

[52°]; (290°). 

Formation. —1. By reducing m-nitro-benzo- 
nitrile (Hofmann, Z. [2] 4, 726; Fricke, B. 
7, 1321).—2. By distilling the dicyanide of 
wi-amido-bcnzoic acid (i’. p, 167, 1. 32) (Griess, B. 
1,191).—3. By heating m-uramido-beuzoic acid 
(q. V.) with PjjOj (Griess, B. 8 , 861). 

Properties. —Needles or prisms, sl. sol. water, 
T. e. sol. alcohol. ^ 

Salts. — B'Hpi. — four-sided 

tables.—B'AgNOa: white laminre. 

^j-Amido-benzonitrile NH 2 .CJI 4 .CN [1:4]. 
[110°] (F.); [74°J (E.). Formed by reducing, 
p-nitro-benzouitrile (Engler, A. 149, 302), or by 
distilling jp-uramido-beuzoio acid (F.).—l^edles, 
V. sol. alcohol, ether, and boiling water.— 
B'HCL—B' 2 H..PtCl.,: needles. 

AMIDO - BENZOFHENOKES 0^ Ai^O. 

Amido-di‘phenyl‘ketones. 

o-Anudo-benzophenone Bz.OaH 4 .NHj [1:2]. 
[106°]. Formed by reducing o-nitro-benzo- 
phenone with Sn and HCl (Geigy a. Koenigs, A 



niittig, djf _ 

W. aantojMjiaa, aloShol, ana etheh 

[1:3]. 

>o ; snoi, 

i-jfelted needles, sol. alcohol, 

“edlea : [187°]; long 

Sr.tA by boiling its 

iglthalyl aerivative witEa,co/iCB« KOI! (Doebner, 
^.13, 1011; Docbncr a. Wciss7 B. 14, 188C) 

S!.- .???..y- ether, and 

glacial HOAo, si. sol. cold water. Nitrous acid 
P-°*y-henzophenone. On fusion 
wth ZaCli it loses H.,0 forming a compound of 
the formula C|jH,N. Tlie latter is a very stable 

plates [118 ], and distils nndecompo.sod at a high 
temperature; it is soluble in alcohol, ether, Ac 
epanngly in hot water, insoluble in cold. 

Salts. —B'gHjjSO.; Joim sparintdv solnbl<» 

needles.-B;HCl, aL iffixS a e 

more soluble.-(B'HCl),PtCl,: yellow needles; 
W. sol. cold water. 

derivative C„H,.CO.C„H,.NHAo. 
L163 ]. Long noodles. Sol. alcohol, ether, 
acetic acid and benzene ; insol. water. 

dcrifatiuc C,H,.CO.CJI,.NITBs. 
[162 ]. Plates, sol. hot alcohol, si. sol. cold 
alcoholf insoi. water. 

Phthalyl derivative C,.,H„NO, ie 
C H CO.C.H,N(C ,0 C.H,) [Isa j. ' Prepared 
# plitlialanil in presence 

of ZnOlj. Large needles or plates, insol. water. 

■ 1 . sol. alcohol or ether. 

(a)-Di.amido-benzophenone Cull 0(NH ) 
[172°]. Prepared by reducing (aj-di-nitro.bcnzo- 
phenone, [120 ] itself got from di-nitro-di-phenyl- 
methane. [183°] (Staodel a. Sauer, B. 11 , 1747 . 

A. 218, 344), White needles. * 

tables.—B"2HClSnCl,.- 

iS 

(fl)-Di-amdo-benzophenoa0C„II,2N,jO. [165°], 
£woine.—-'h rom di-nitro-bonzophenone [ 110 °] 

^ reduction (Chancel a. Laurent, A. 72, 281 • 
ftastorius, B. il, 744).—Slender yellow needles 
(from water). 

Salts: B"H 2 Sn,.CIg; plates.—B"H.,PtCL. 
neei“st'[l27°].‘''""'““"^ C. AO(NHAc),: 
^Oicim(C„H,.Niy,C:NOH: [178°]; crystal- 

(O.H,.Niy,C:N,HPh: 
[183°], yellowish needles (from hot alcohol). 
(Miinohmoyer, B. 20, 511). ' 

(■y)-Di.aniido.ben 2 ophenoiie, C„H.O/NH 1 

fhe di-nitro-benzophenone [lOoH 
obtained fronikbenzophenoue (StaedeL A. 218 
849).—Guttering tablets. 

Balt.—B"2IIC1. * 

~ OiaH.O(NAoH)r 

^ water; v. sol. alcohol. 

^IDO-BENZOYI-CAEBAMIDE v. Ubea 
AHIDO-BENZOYI-FOEMICACID v. Amido- 

WESyL-OLTOXYLIC ACID. 

AMIDO-BENZOYE-GIYOXYLIC acid V 

QUINIBATIC ACn>. 

AipDO.BEKZOYL.tIBEA v. Urea. 
DI-AMIDO-DI-BENZYL C..H. N is 
^.C,^,.CH,.CH,.O.H,.NH,. [132°].' Prom 

HM {p) mtro-compound (j. »,) by reduction.— 



wafer, T. bo1.^^o 1 ; maybe shbllmeai 
-B''an o' - B "HaSO,. 

AtCOHOl C.HNO ie 
Pi-oparedbythe 

■“‘® “blehydc, or anthraniJ 
-B-15, 2109). While 
with steam « P®“^®'®“™1 slightly volatile 
AMIDO-BENZYI.AMINE CH N 

NHj.C H,.CH,NH, [1:4], (209°). ’s.G.ssi'08^ 

BemyUne diaumw. From acetyl-p-nitro-benzyl- 
amine, Sn, and HCl: the Ac being split off in 

the operation (Amsel a. Hofmann, B . 19,1287)_ 

Colourless l^uid, v. sol. water and alcohol, insol. 
ether; alkaline, absorbing CO., from the air. 

needles, v. sol. water.— 
B ,,(IIC]),PtCl,: flat needles. The nitrate and 
oxalate orysUlhso in long white needles. AgNO. 
forms a double salt in large plates. 
/xTt?^;yS*^.?;?V’’®“’'ybamine C„H,,N, ».«. 

(NH.„C„n,.CH.),.Nn. [10(1°]. From the nitro 
compound (Slrakosch, B. 0,1060). Needles or 
, plates; may ho distilled, but not volatile with 
I steam. Salts.- ]!'''3nCl.—B"'(HCl),PtCl„ 

I Tn-amido-tri-benzyl-amine C II N ^ 4 a 
(NII,.C„H .CH )3N. fl3C°], ^ronT^ nhrt 

compound (S.).—Octahodra (from alcohol); not 
volatile nuth steam. Insol. water, v. sol. hot 
alcohol. Eoduoed by Sn and HCl to p-toluidine 
and the preceding body. 

AMIDO-BENZYI-ANILINE C,.H N it 
NH,.C,H CH,.NPhH. [88°]. From the’'nitro- 
cornpoiind by p and H,8 at 100° (Strakosob, 

B. 6, 106.3).—Seales, v. sol. alcohol, ether, and 
“°‘ '’®b‘*bo "'bh steam. Salt.— 

B .Sill- ®®b water, loss so in HClAn, 
AMIDO-BENZYI-BENZENE „. Amido-di. 

niENVL-METIIANE. 

AMIDO-BENZYI, CYANIDE o. nitbile or 
amido-phenyl-acetic acid. 

DI -JP . AMIDO. DI. BENZYL - MALONIC - 

ETOTL - ETHER (C„H,(NH,VcHJ.,:C(CO,Et). 

Obtained by reduction of di-nitro-di-benzyl- 
nialomc ether with SnCI,. 

Salts:--(A"Et,)H 2 Cl 2 : [230°], easily soluble 
needles.-(A KUH^SO,: scales.—(A"iiyH,C,0,: 
glistening yeUow scales—(A"Et.)H,Cl.PtCL: 

H (Mmann-a. Schleiot, 

r, ^^““0-BBlfZYI-PHENOL CuH,,NO ie. 
C„H,.CH,.0,H3(NH5)(OH). [1:3:4]. i’rom the 

mtro-compound. Scales (Bennie, C. J. 41, 221) 
DI-AMIDO-BENZYI-TOLUENE C,,H,„N,. A 
crystalline powder, obtained by reducing di- 
mtro-p-benzyl-tolueno (g.o.) (Zincke, B. 6, 684). 
Salts.,-B"2 HCI.—B''hJo,. 
AMIDO-BSOMO-COMPOTODS v. Bbono- 

AMIDO-COMPOUNDS. 

AHIBO'BBUCINE v . Brucine. 
AMIDO-BTTTYL-BEirZElIE v , Amido-phenyl- 

butane. «isa*Ae 

AMIDO-BUTYRIC ACIDS C,H.NO„ 
a-Amido-xj-butyrio acid CH,.CH,.CH(»rH,rao,£ 

S. 3 at 1.5°; S. (alcohol) -18 at 80°. From 
a-bromo-butyric acid and NH,Aq (B. Schneider . 

A. Su^l. 2, 71). -Stellate gronpe of smali 
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Umine or needles (from aloohol); neutral; 
sweet taste; insol. ether. 

Salts.—HA'HOl; y. sol. water.—HA'HNOi; 
ferndike groups of silky needles.—(HA') JI2SO4.— 
HOPb.A'.-AgA'. 

jS'Amido-n'butyrio acid 

CH4.CH(NH,).CH,.C0,H. 
CH 3 .CH(NHJ,CH,.C 0 .NH,. Anan^r- 
phous mass, obtained by the action of alcoh^io 
. NH, on ^-chloro-n-butyrio ether (Calbiano, 
6.10,187; B. 13, 312). Its platino-chloride 
crystallises in orange tables, si. sol. alcohol. 
a-Amido-iso-butyrio acid GMe.(NH 2 ). 002 H. 
Formation. —From acctonyl-urea and fuming 
HCl at 100° (Urech, A. 104, 208).—2. From di- 
aoetonamine (Heintz, A, 192, 313 ; 198, 40). 

Pre^ralion. —The acetone oyanhydrin, ob- ; 
tained by the action of dilute HCN on acetone, is l 
heated with alcoholic NH 3 at 60°, and the pro* | 
duct saponified (Ticmann a. Friedliinder, R. 14, 
1971).- 

■ Properties.—VHies or tables, v. sol. water, si. 
sol. alcohol, insol. ether ; sublimes at about 220 °. 

Salts.—BaA^2aq: needles.—MgA'j: thick 
prisms.—CuA',: plates, giving a violet solution. 
—AgA': needles, sol. water.—HA'HCl 2aq.— 
HA'HCl. 

Nitrile. —CMe.jNH.j.CN. The product of 
- the action of alcoholic NH, on acetone-cyan- 
• hydrin {vid. sup.). 

* AMIDO-CAMPHOK v. Camphor. 

AHIDO'CAUPHORIC ACII) v. Camphoric acid. 
AUIBO'CAFBOIG ACID v. Leucine, and 
\ AhidC-iiexoio acid. 

AMIDO-CAPBYL-BENZENE v. Amido- 

PUENYL-OOTANE. 

'AKIDO-CAPRTLIC ACIDd. Amido-octoicacid. 
AMIDO-CABSOSTYRIL C^H^N-.O i.c. 

CoH,<n(^Ii“>CO. [127=]. Anhydride of 
hydrazido-cinnamicacid; Oxy-amido-quinolinc; 
Amido-pscudO’Carhostyril. Prepared by convert¬ 
ing diazo-einnamio acid by Na-^SOj into 
SOaNa.Nj|. 0 „il 4 .CH:Cn.CO.H, then reducing this 
'.substance by acetic acid and zinc dust to 
S 93 Na.NII.NH.C,H 4 ,CH:Cn.COjr, boiling this 
.with HCl and then adding KOH (Fischer a. 
Kuzel, A. 221, 278). 

Propertirs.- Slender needles; may bo sub- 
limed; sol. alcohol, other, and hot water. It 
forms salts with acids. 

llcaclions.—l. Does not reduce alkaline 
coxjper or silver solutions.—2. Nitrous acid con¬ 
verts it, even in the cold, into carbostyril. 

y-Amido-carbostyril. From carbostyril by 
nitration and reduction (Friedlander a. Lazarus, 
A. 229, 246). Yellow plates (from glacial IIOAc). 
Does not melt below 320°. 

Methyl derivative CgH 3 N(NIL)(OMo). 
(103°], aMii<io-(Py. 3)*«icf/wxy-2«iHoZhv’‘ Formed 
from the nitro-compound by SnCI.^ (Feer a. 
Koenigs, B. 18, 2397).—Silvery plates; v. sol. 
alcohol and ether; m. sol. warm water. Its 
ethereal solution has a bluish fluorescence. 
EMnOf oxidises it to methoxy-quinolinic acid 
[140°]. Dilute HCl at 120° forms ( 7 )-amido 
carbostyril.^ ^ 

See also Oxy-amido-quinoi<xn 2 . 
ABIIDO-CHEOMATE OF POTASSIUU v. 
Amiifn-cAfomatcs^imderCHBouxuH, ACIDS op. 
Teak I. 


AXXDO-OEBYSAinSlO ACID Nitbo-m. 

A]az>0-BSNZOXO ACID. 

AUlDO-GINNAinO ACIDS CaH^KO,. 
a-Amido-oinnamie acid 

CeH 3 .CH:C{NHJ.CO,H. Obtained by saponifying 
its benzoyl derivative.-* Silvery plates, decom¬ 
posing at 240°-260° (^hl, B. 17,1619). 

Salts,—CuA'j2ai[^ small blue prisms.— 
(HA') HCl: flat sol. cold water anA 

alcoliol. yy ^ 

Benzoyl derivative 

C,HyCH:C(NIIBz).CO.H [131°]. Formedbyheat- 
ing an acetic acid solution of benzoyl-di-.amido- 
^ ^ ^ C4H3.CH.CH(NHBz). 

hydrocmnamic lactam 

Needles or prisms; sol. alcohol, other, and hot 
water. 

o-Aznido-cinziamio acid 
NH,.C„H4 CH;CH.C0.^I [1:2]. [159°]. 

Preparation.'•■From o-nitro-cinnamic acid 
(150 g.), crystallised baryta (2100 g.), water (30 
litres), and ferrous sulphate (1400 g.), by heating 
two hours at 100° (Fisclicr a. Kuzel, A. 221, 
266; Tiemann a. Opermann, B. 13, 2061). 
Ammonia may be used in place of baryta 
(Gabriel, B . 15, 2294; Friedlander, A. 229,241). 

Properties. —Yellow needles; sol. alcohol, 
ether, and hot water, si. sol. cold water. Dis¬ 
solves in aqueous alkalis and acids. 

Salts.—HA'IICl; prisms.—BaA'^; prisms, 
jyiher.—EtA'[78°]. May be distilled. Yel¬ 
low needles, with yellowish-green fluorescence. 
Its hydrochloride is sparingly soluble in excess 
of cone. HCl; its acetyl derivative, [137°], 
forms white needles, which may be distilled 
(Friedlander a. Weinberg, B. 16,1422). 

Ethyl derivative 

C«n,(NHEt).ClI:CH.CO,H* the acid (60g.), 
KOH (06 c.c. of 20p.c. solution), alcohol (240 g.J, 
and EtI (60g.), by boiling (F. a. K.). 

Reactions. —1. Long boiling with IIClAq 
forms carbostyril.—2. ZnSO,Aq gives a crystal¬ 
line pp.—3. AgNOjAq gives a white pp.~4. 
CuSO^Aq gives a light green pp.—6. Pb(OAc) 3 Aq 
gives a yellow pp. 

ra-Amido-cinnamic acid 

CJI,(Nn.J.CH:CH.CO;,H [1:3]. [181°]. The 
preparation is similar to tliat of the o-compound. 

ProiJcrties.—Long yellow needles; sol. alco¬ 
hol, ether, and hot water. Dissolves in aqueous 
acids and alkalis. 

Reactions. —1. CuSO^Aq gives a dull green 
pp.—2, 3, same as abovc.--4. Pb(OAc)^Aq gives 
a white p^). sol. hot water (T. a. ().). 

Saits.—HAHCl: plates.- (riA'HCl) 2 Pta 4 . 
—HATINOg! slenderneedles.—BaA'.i2aq: plates. 

p-Amido-cinuamic aoid * 
C.U,(NIL).CH:CH.0o,H[l:4]. [176=]. Prepared 
by reducing p-nitro-oinnamio ether in alcoholia 
solution with tin and HCl; yield: 75 p.o. 
(Miller a. Kiukelin, B. 18, 3234). Slender yd- 
low needles, sol. water, alcohol, and ether. J9is- 
Bolves in aqueous alkalis and acids. 

Reactions. “1. CuSO^Aq a brown pp.—2, S. 
and 4, the same as for the m-compoand. 

Salt 8.—HA'HCl.—{HA'HCl)jPtCl,. 

Acetyl derivative [260®]. LongneCdles, 
sol. hot alcohol, si. sol. water, v. si. sol. ether and 
benzene (Oabriel a. Herzberg, B. 16, 2041). 

M 
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Si-UBldo-olsnutlt wiiA 

t^,(NHJ,.OH;CH.OO^ [I 685 . Formed by 
tMooing (8:l:l)-DitTO-amido-oinnamia acid 
(Qabriel a. Herzberg, B. 10, 2042). Fellow 
■needlea, sol. hot alcohol, and water, inaol. ether, 
benzene, and benzoline. 

AMIDO-COMENIC ib"ID v. Comenio hcid. 
AMXDO-COOMAEIN 6 H,NOj. l 108‘’-170’]. 
From nitro-coiimarin (q. o?;' —Needles, v. si. sol. 

■cold water, V. sol. hot wiRt1^“’l,*i—(B'HCl).jl’tCl4 

/Frapolli a. Chiozza, A. 95, 253)i 

AMIDO-CaESOt 0,H,N0. Mol. w. 142. 
Ten amiilocresols are indicated by theory: 
four derived from orWio-, four from inHa-, and 
two from lyara-cresoU The amido-cresols are 
readily soluble in alcohol and in ether, sparingly 
so in water. They dissolve in acids and in 
nlValis. They are formed by reducing nitro- 
oreeols, or from nitro-toluidines by the diazo 
reaction. 

Amido-o-cresols Cjn,Me(OH)(NH,) [l:2;r]. 
Amido^o-cresol x = S, From nitro-o-cresol 
i69°] (Hofmann a. Miller, B. 14, 670; Zincke a. 
Hebebrand, A. 226, 72). 

lieaction.—l. When heated with qiiinone, it 
forms a rcdcrystalline/?asc,C25H,„N,0|, [285^1, 
r. si. sol. alcohol, sol. acids; its acetyl derivative, 
Cj,H,,Ac.N,0„ forms orange needles (from dry 
HOAc).—2. Heated with formic acid it forms a 

methenyl compound: 04 n,Mc<[|Q^Cn, [.69°], 

< 200 ’). 

Mdhijl ether CJl 3 Mo(OMe)(NH.). (223°). 
Amido^o-cresol a: = 4. [161°]. From nitro-o- 
cresol [108°] (NBlting a. Collin, B. 17, 270). 
Also from acetyl-tolylcne-di-amine, 
< 5 .H,Me(NH 2 )(NHAc) [1:2:4] (Wallach, B. 15, 
2881). Colourless plates or noodles. Salt.— 
B'HCl: glittering plates, which sublime as needles. 
Acetyl derivatives 

C,H,Me( 6 H)(NnAc). [22.5°]; sol. KOIUq.— 
0 ,H 3 Me(OAc)(NAcH). [133°] (Maassen, B. 
17, 608; Wallach, A. 235, 250). 

Amido-o-cresol a: = 5. [176°]. 

Formation. — 1. From nitro-o-cresol [85°] 
(Hirsch, B. 18,1514). - 2. From nitroso-o-cresol. 
8 . From sulpho-benzene-azo-o-crcsol by re¬ 
ducing with Sn and HCl (Niilting a. Kohn, B. 
17, 865).—White plates or needles; may bo sub¬ 
limed.—CrO, gives toluquinono. Salt.—ITHCl. 

Amido-o-cresol a: = 6 . [124°-128°]. From 

nitro-oresol [143°]. Stellate groups of needles 
(UUmann, B. 17,1962). Salt.-B'HCl. 

Undetermined derivatives of amvlo-o-cresols. 
Methyl ether C 4 H,Mo(OMc)(NH 3 ) [1:2:5?]. 
[53°] (Hofmann a. Miller, B. 14, 671). 

Ethyl ether 0 „H 3 Me( 0 Et)(NH 3 ) [1:2:*]. 
From ethyl nitro-o-crcsol [71°] (Staedel a. 
Kayser, A.'^ll, 217; B. 16, 1134). Salts.- 
B'HCl liaq.-B'jHjSO,.—iJ'-^H^PtCl,. Acetyl 
.derivative CjH,Me(OEt)(NHAc). [108°]. Tri- 
metric plates (from water); tables (from ether) j 
loubos (from benzene). 

Amido-rn-crosols C 4 HjMe( 0 H)(NHJ [l:S:i]. 
Amido-m-cresol x 6 . [151°]. From sulpho- 
benzene-azo-m-cresol by reduction (Nolting a. 
Eohn, B. 17, 367). White warts. On oxidation 
with CrO, it gives toluquinone. 

ifndeterminedderivativeof anamido-m^esol. 
Ethyl ether C,H,Mo(OEt)(NH,) [l:3:x]. 
An oil formed by reducing ethyl-nitro-m-oresol 


[ii4»3 (Stos^, A. 217 , «M). iSaU:-;»,HAO,, 
A'oaiyl derirative. [114°]. Massof needlet 
(from water). 

Amido-p.cresole 0,H.Me(OH)(NH,) [1:4:*]. 

Amido-p-oresol * = 2. [144°]. 

Formation. — 1. From nitro-p-oresol [78°] 
(Knccht, A. 215, 91).—2. From nitro-toluidine 
C,[I,lVie.(NH,)(NO,) [1:4:2] (Wallach, H. 15,2833). 

Propert ies. —Colourless plates by sublimation. 

Acetyl derivatives 

C,H,Me(OH)(NHAo) [178°]; sol. KOHAq.— 
C,n ,Me(0 Ao)(NHAo) [129°] (Maassen, B. 17,608). 

Methyt ether C.H,Mo(OMc)(NH,). [47°], 
From the nitro-oompound (K.); needles, volatile 
with steam. 

Amido- 2 )-creBol *=3. [1:15°]. 

Formation. — 1. From nitro-p-crcsol [33°] 
(Wagner, B. 7,1270; Hofmann a. Miller, B. 14, 
572). —2. By reducing benzene-azo-p-crcsol or 
sulpho-benzenc-azo-p-cresol (Nolting a. Kohn, 
B. 17, 360). 

Properties. —White plates or needles; gives 
a red colour with Fo.Cl,. Salt.—B'HCl. 

Reactions. —1. Gives a methenyl derivative 
when heated with formic acid (11. a. M.).—2. Gives, 
when heated with Ao-0 and NaOAo, an ethenyl 
derivative which is converted by boiling dilute 
HjSO, into an acetyl derivative. 

Acetyl derivative [160°]. Long needles. 

Methyl ether C.n|Me{OMe)(NH.) [38°]. 

Ethyl ether C,il,Me(OEt)(NlI,,). [41°]. 
From the nitro-corapound (Stacdel a. Kaysor, 
71. 15, 1131). Needles (from water) or plates 
(from other solvents). Salts.—B'lICll.Jaq.— 
B'jlLSO,2aq. Acetyl derivative [107°]. 

Di-amido-p-cresol. 

Ethyl ether C„H-Me(OF,t)(NH,), [1:4;3;5]. 
From the nitro-componnd (S[aedel a. Kayser, 
A. 217, 221). Pleasant-smelling oil—B'HCl: 
silky needles. 

Di-amido-cresol C,H,Me(OH)(NH .)2 [1:*:2:4]. 
From amido-toluene-azo-amido-cresol (Graeff, 
A. 229, 349); decomposes when liberated from 
its salts. - B"lLSO,aq; slender grey needles 
(from alcohol-ether). 

AMIDO-CSESYL- v. Ajiino-TotTii-. 

AMIDO-CEOIONIC ETHEE. A name applied 
to the imide of aceto-aoetio ether (n. p. 19). 

AMIDO-CUMENE v. CoMinixn. 

Di-amido-cumenc 0,HnN, i.e. -Fr.C,H,(Nn 2 ),. 
[47°]. From the nitro-oompound (Hofmann, j, 
1862, 354). 

Di - amide - pseudo - cumene C„HMcjlNH,), 
[1:3:4:5:6]. [92°]. Formation. -1. By reducing 
nitro-pseudo-oumidine [47“] (Hdlcr, B . 18, 630). 
2. By reducing amido-azo-curacno (Nolting a. 
Baumann, B. 18, 1147). Properties.—Heedlet 
or plates; gives with Fe,Clg a brownish-red 
colour and a quinone-like smell; also gives 
Ladenbur,g’e aldehydine reaction. 

AMIB0.<-.C1IMEN0L C,H„NO i.e. 
C„HMe,(OH)(NH,) [1:3:4:6:2] [167°]. Amido- 
pseiido.cumenol; Oxy-cumidine. Obtained by 
reducing benzone-azo-i)'-oumenol (Liebermann a. 
Kostaneoki, B. 17, 886); or nitro-if-onmenyl 
nitrate (Auwers, B. 17, 2980). White needlea 
(by sublimation); sol. KOHAq. l^e.,Cl, gives a 
red colouration. Di-acetyl derivative 
0,HMe,(OAc)(NHAo), [186°]: needles. 

AKIBO-CUHINIC ACID 0„H„NO, 






: l»>AaUo-eiimlnio 

Pr.0,H,(NHJC02H (1:2:4]. [129'>]. Amido-iso. 
pnpyl-ben’:oie acid. Prepared by redncing m- 
nitro-oominio acid [158“] (faterpo a. Fileti, 0, 
6, 383; Lippmann a. Lange, B. 13, 1361).— 
Tablea; some of it occasionally crystallises 
from water in thin plates [101°) (Fileti, 0. 10, 
12). Fb.jCI, give a violot-blue colourath.. wHh 
the hydroehlorido. EtI at 100° gives a syn.py 
ethyl-amido-cuminic acid. 

salts.—AgA'; white pp.—ZnA'^Saq: needles. 
HA'HCl.-(HA'H01).PtClj.-(HA'),H.H0,. 

Acetyl derivative. [218°-250°J. Slender 
needles, si. sol. bailing alcohol, saponified by 
water at 230°. 

Bthyl ether FAX'. Heavy oil. 

Nitrile l’r.C„Il,(NH,).CN. [45°]. (305°). 
Fromnitro-cumino-nitrile.—Needles (from water) 
(Czumpolik, B. 2,183). Salt.—(B'HCl)«PtCl,. 
o-Amido-caminic acid 

?r.CJl,(NH,).CO,H. [1:3:4]. [115°]. Prepared 
by reducing o-nitro-enminio acid with FeSO, 
andNHj(Widrann, B. 19,270). —Plates or tables. 

Acetyl derivative 0|„II|jAcNO;. [246°]. 
Slender needles, si. sol. alcohol, and ether; may 
be sublimed (Widman, B. 16, 2579). 

Bi-amido-cuminic acid 0,„II|,N,0... i.e. 
Fr.C.in 2 (NIl.)jCOJI. [192°]. Forraej by re¬ 
ducing di-nitro-cumiuic acid (Bouilet, C. B. 43, 
399; Lippmann,/?. 15,2144).—Yellowish plates, 
sol. hot water, alcohol, ether, alkalis and ticids. 
Crystallises from water with aq. 

Salts.—AgA'aq.-HA'HCl aq: large prisms. 
-IMIDO-CUMYL-ACKYLIC ACIDS C,.,n„NO, 

I. Pr.C.H,(NH,).Cn:CH.CO,H [1:3:4]. [165°]. 
From the nitro-aeid, FoSO,. and NH, (Widman, 
B. 19, 262).—Flat yellow prisms (from alcohol). 
Salt.—IlA'IlCloaq : very slender needles, v. si. 
sol. water; converted by boiling water into cunio- 
styril or (B. 3)-iso-propyl-(Py. 3)-oxy-quinoline 
[169°]. Acetyl derivative 
iirC,H,(NHAc).CII:OII.CO,H, [220°]: very thin 
needles (from alcohol). 

II. I>rC.H,(NIL).CH:CH.CO,H [1:2:4]. [105°]. 

From the nitro-acid (Widman, B. 19, 415). Six- 
sided tables (from ether). Warm ILSO, gives a 
magenta colour. Salts.—HA'IICl: ll.at needles. 
—(IU'H01)2PtCl,2aq.-(nA')..H;SO,5aq. Ace¬ 
tyl derivatives 0 |.H„AoN 62 , [240°]: needles 
(from alcohol).—C,. jH|jAojN02. [236°]. 

AmD0-<)'.CUUYL£N£-AC£TAMIDIirE 

0„H„N, ».s. C,Mc,(NIL)<^jj^CMc[l:3:4:2:5]. 

Ethenyl • tri - amide • tri - methyl - beneene. 
[215°-218°]. From acetyl-di-nitro-pseudo-cumi- 
dine by reduction with Sn and HOI (Auwers, B. 

18, 2663). — Itosettes of plates or yellowish 
prisms (from water) containing 2aq. 

Salts. — B"2H01aq. — B"HCI 2aq.— 
B"H 2 PtCl, aq. 

AMIDO-CDMYLPHENYLKEIONEv.PHEsrei. 

tUmO-OTTMTI, EUTONE. 

TO-AMIDO-CDMYL-PEOPIOmC ACID 

D„H„N0.2 fa!.PrC.H2(NIL).CH,.CH2.C02H [1:3]. 
[103°-106°]. From m-amido-oumyl-acryljo acid, 
NaOHAq, and sodium-amalgam (Widman, B. 

19, 418). Acetyl derivative 0„H,„AcNO„ 
[168°]; prisms '[from alcohol). 


Aini)o.ri.crfA»io acid O2H.N.0 u 
NH,.C0.1JH.0N or HN:0<^>CO. AUo- 

phanO’niMtle; carhc/iyl guanidine; carhimido* 
cyanamide. 

Formation,—I Fromdi-oyano-di-amide and 
baryta-water.—2. Fr^V potassio cyanate and 
cold acpiooiis oyanamj.’.3 (tiallwacbs, A. 153,239; 
WundcrlaOl,* / Ip..ly). 

Propiiril,eS\—*\,^:ai09. It decomposes car¬ 
bonates and b< aaves as a strong acid. Produces 
biuret when warmed with II^.SO^ (1 vol.) and 
water (2 vols.) at 70” (Baumann, B, 8, 708). 

Salts.- NaC,H,N,0. - KA'.—BaA' 3aq.- - 
CuA'., 4aq.—CuC,UN%0 2aq.—AgA'. 

AMIDO-CYANUKiC ACID v. Ammelidb. 
Di-amido-cyanurio acid v, AaurELiNE. 
AMIDO-CYMENE v. Cvmii.in’r. 
Diamido-cymene C.TT,Merr(NH.).j[l:4:3:6], 
ITydrochloride. Formed by reducing the 
di-oxim of thymoquinone (Liebermann a. Ilinski, 
B. 18, 3200). 

AMIDO-DBAGYLIC ACID =^-Amido-bensoio 

ACID. 

DI-AMIDO-DUBYXIC ACID v, Di-Ainno-TBi- 

METIiyL-BENZOIO ACID. 

AMIDO-EIHANE v. Ethtlamine. 
Di-amido-ethane d. Etiitlrne di-aminb. 

A MIDO-DI.ETHYL-ACETIC ACID u. Amido- 

HEXOIC ACID. 

AMIDO - ETHYL ALCOHOL t>« OxyetiitIj- 

AMINE. 

AMIDO-ETHYL-BENZENE v. Auido-phentl- 

ETn.ANK. 

AMIDO-ETHYL METHYL KETONE v 

MKinyis AMIDO-ETHYL KETONE. 

DI-AMIDO-DI-ETHYL OXIDE >‘CJI,.,N,Oi.c. 

{Ctt,.C{NH.,)n),,0. 

Di-amido-cther, Tho very unstable hydro¬ 
chloride (B'211C1) of this body is formed by 
passing NH, into an ethereal solution of 
{C1I.,.CHC1)..0 (Hanriot, A. Ch. [5] 25, 224). 

DI-AMIDO-DI-ETHYL-DIPHENYL C.'h^N, 
i.e. [4:3:1] NH,.0„H,Et.CJl,Et.NTL fl:3:4]’(?). 
Formed by the action of SnCl;^ and lici or 
on an alcoholic solution of o-azo-etliyl-bcnzene. 
—B'lLSOj: needles, si. sol. water, in. sol. alcohol. 

Acetyl C,JIn^{NHAc)._.. [307”]. 

White needles (by sublimation), si. sol.'alcohol, 
sol. HOAc. 

An isomeric di-amido-di-ethyl-diphenyl is 
formed similarly from ^-azo-etliyl-benzono. Its 
sulphate is a white amoi-phous powder (G. 
Schultz, B. 17, 471). 

AMIDO-ETHYL-TOLUENE v. Amido-Tolyl- 

ETHANE. 

AMIDO-ETHYL.TOLDIDINE v. Ethyl-toly- 

LENE DIAMINE. ^ 

AMIDO-ETHYL-m-DRAMIDO-BENZOICACID 

C,„H,3N,0, t.e. NII,.aH,.NH.CO.NH.C„H,.CO,H. 

Formed by the action of ethylene diamine upon 
cyano-carboxamido-benzoic acid (u. Amido ben. 
ZOIC acid). White prisms, si. sol. cold water,. 
Salt.- HA'HC12.1aq (Griess, B. 18, 2416). • 
AMIDO-FLAYOLINE v. Flavanzlxne. 
AMIDO-FLDOBENE v. Fluobbne. 
AMIDO-FORMIC ACID v, Cabbamio aci!>« 
AMIDO-FUBFDB-BDTYLENE OXIDE 
^OMe- • 

C.H„NO, ifc O.H,O.C(NH;J^ | 

H > 
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(216'>-M0'>). ObtataeabyreducingO^Pi.NA.th® 
product of addition of N,0, to fucfur-butylene. 

Properties. —Colourless liquid, volatile with 
■team, sol. water. 

Salts.—B'HClaq: crystals, v. sol. water.— 
B'jHjPtCl,: sol. hot. water. 

Acetyl (ierioaiiw C,H,0.,.NHAo [163'’]; 
(S06'’-310'’): needles, v.V;!. HClAq. 

Anhydride O.H( NlL{v a42°1. (300“-310‘’). 
V.D. 4-77. Formed frota ima^-furfur-butylcne 
oxide on distilling, or even on keeping. It forms 
large colonrless crystals, and is volatile with 
steam. It is a tertiary base (Tonnies a. Stanb, 

B. 17, 8.54). 

AHIBOOEK. The group NHj; o. Amides, 
Abido-aoids, and Amines. 

AHIDO-OLUTASIC ACID o. Gldtamio Acid. 

AMIDO-OWCOLLIC ACID v. Oxv-amido- 
acetic-acid. 

AMIDO-HEMIPIC ACID v. Hejiipio acid. 

AMIDO-HEPTOIC ACID C,H„NO., i.e. 
CjHii.CHfNHJ.COjH. a-Amido-amanthic acid. 
From bromo-heptoio acid and alcoholic NH, at 
100° (Ilelms, B. 8, 1168). Six-sided tables or 
plates, V. si. sol. cold water, insol. alcohol. 

Salts.—CuA'j: insoluble powder.—HA'HCl: 
prisma, v. sol. water or alcohol. 

AMIDO-HEXOIC ACID C.H„KOa. 

a-Amido-n-hexoic acid v. Ledcinb. 

Amido-di-ethyl-acetic acid CEt^lNIIJ.COjH. 

Preparation. —Di-ethyl kotono cyanhydrin, 
CEt„(OH).CN, obtained by the action of dilute 
HCN on di-etiiyl ketone, is heated with alcoholic 
NHj, and the product is saponified by HCl. 

Properties. —Thick tables or prisms (from 
water), v. sol. water, m. sol. alcohol, insol. ether; 
may be sublimed. 

Salts. - AgA': white plates.—CuA'j: violet 
plates.—HA'IICI: thick white prisma (Tiemann 
a. Friedliinder, B. 14,1975). 

a-Amido-iso-butyl-acetic acid 
Pr.CH.,.CH(NH.,).CO,H. S. '85 at 12°. From 
iso-valeric aldehyde-ammonia, HCN and HClAq 
(Limpricht, A. 94, 243; Ilufncr, J.p>r. [2] 1,10). 

Properties. —Ilesemblcs leucine, but is opti¬ 
cally inactive (llanthner, H. 7, 223). 

AMIDO-HEXYL ALCOHOL v. di-Acetone- 

ALCAAIIKE. 

AMIDO-HIPPDHIC ACID C,H„NA 

C, H,(NHj).CO.Nn.CH.,.CO.jH. 

m-Amido-hensoyl-tflycocoll. [194°] (Conrad, 
J.pr. [2] 15, 258). S. '3 at 20°; S. (alcohol) 
•08 at 15°. From m-nitro-hippurie acid, ammo¬ 
nium sulphide and HjS (Sohwanert, A. 112, 70). 

Properties. —Plates or needles. Soluble in 
alkalis and in acids. Salt.—ETICl. 

Beactions.—l. Boiling HCl forms m-amido- 
benzoic a'qd and glycocoll.—2. Urea forms 
nramido-hippurio ao,'d C|jII„NjO, and a 
small quantity of oarboxamido-hippuric 
acidC,„H„N,0, (Griess, J.pr. [2] 1,135). 

DI-AUIDO-HYDBO-ACBIDINE KETONE, so 
called, C,jH„N,0. [223°]. Formed by reducing 
the o-carboxylic acid of di-nitro-di-phenyl-amine 
with Sn and HCl. Flat needles or thick prisms, 
V. sol. hot alcohol, v. si. sol. ether, benzene, cold 
water, and light petroleum. FejCl, gives a deep 
yelbiw colour, passing into greenish-black; 
KjCTjO, gives a red pp. 

Sal t.—B'HCl: thin colourless needles, si. sol. 
eold water. 


Ohloro.dtrivativt 0uH„CllN,0>. Ce.380'’1. 
Formed by reducing ohloro-di-nitro-di-phenyf- 
amine o-carboxylic acid. Colonrless orystws, 
sol. hot water, v. si. sol. cold water, ether, and 
benzene (Jourdan, S. 18,1460). 

AUIDO-HYDBAIBOPIC ACID «. Auino- 

rnENTD-PBOPIONIO ACID. 


DI-AHIDO-HYDBAZO-BENZENE 


0,H„N.a 


0.^ HvDnAZINES. 

AMIDO-HYDBO-CABBOSTYBIL 

Oty-arriido-di-hydro-quinoline, 

IB. 3)-amido-hydro-carbostyril 
.CH^CH^p g, 

CA(NH.j/ I [3:®j 

\nh.co '■ 

Di amido-phenyl-propionie anhydride. Du 
amido-hydro-cinnamic anhydride. [211°]. Pre¬ 
pared by reducing di-nitro-phenyl-propionic acid 
with tin and HCl. It forms colourless needles 
or prisms, v. sol. hot water, alcohol, and HOAc, 
insol. CSj. 

Salt s.—B'HCl: needles.—B'^K^PtCle: yellow 
leaflets. Bromine forms a mono-bromo-deriva- 
tive, [210°] and a di-bromo-derivative, [179°], 
both crystallising in needles (Gabriel a. Zimmer- 
mann, B. 12, 601). 

{Py. 4)-Ainido-hydro-carbostyrU 
-CHj — CHj 

I . [143°]. 

\N(NH.,).CO 

From C,H^(‘NH.NH.S 03 Na)CH 2 .CH,.C 02 H (t>. 
HYDR\zmo*PHENYL-i>ROPioNic acid) by addition 
of IlCl (Fischer a. Kiizel.il. 221,282). Oystal- 
lised from water. Sol. water, v. si. sol. alcohol. 
Does not reduce boiling Fehling’s solution, but 
reduces hot Ag.jO. Salt. - CflHigN.jOHCl. 

Reactions, —1. An acid solution is converted 
by NaNO.j into hydro-carbostyril.—2. With £tl 
and alcohol at 100° it gives aft ethyl derivative 

C.H.<S“NHEt)^'o>’ 8ives a 

nitrosamine with NaNO., and HCl. 

AMIDO-HYDBO-CINNAMIC ACID t’. Amido- 
piiENVL-rnopioNio ACin. 

DI- AMIDO- DI - HYDEO -TEEE - PHTHALIO 
ACID NH2.C.CII(C0.,TI).CH 

II II (?) Di-imido-hexa- 

H.C.CH(CO,n).C.NH., 

hydro-terephthalic acid or succino-succinic.acid- 
di-imide. 

Ethyl ether A"Et 2 [181°]. Obtained by 
fusing di-oxy-di-hydro-tciephthalio ether (suo- 
cino-succinio ether) with ammonium acetate. 
Yellow needles; si. sol. alcohol and ether with a 
green fluorescence, v. sol. chloroform. By 
treatment with bromine in II.,SO, solution it is 
convertod into di-amido-tcrcphtlialio ether. The 
hydrochloride and sulphate ore colourleM 
sparingly soluble salts (Baeyer, B. 19, 429). 
AMIDO-TETEA-HYDEO-ftUIKOLINE 
. -CH, — CH, 

C.II„N, i.e. C^H.^ I 

\n(NH.,).CH.,. 

[66°]. (e. 255°). Prepared by reducing the nitios- 
amine of tctra-hydro-quinoline with zino dust 
and HOAo. White crystals. 

Salts.—B'jIljSO, 2aq: yellow plates, si. sol. 
cold water.—The hydrochloride is y. sol. water. 

Beactions. —Deduces salts of Au and Pi, and 
Fehling's solution. Ppd. HgO forms an azo- 
quinoline (Hoffmann a. Efinigs, B. 16,780). 



AMnK^IMlDO^DI-PHENTL SULPHIDE. 
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AXIBO ETBRO^tinron OANO, u 

KBLOA(OH)r 

Di-methyl derivative NHs.G,H,(01ife)3. 
[63^. (270'^). Formed by reducing the ai- 
melhyl.derivative of nitro-hydroquinone. Pearly 
plates, sol. hot water, alcohol, benzene, light 
petroleum and CS 2 . Very readily oxidised. 

Beaclions.—L CuSO^Aq gives a greerwh- 
blaok colour.—Fe^Cl^, pps. lustrous greef-sh 
plates, which form a red solution in wate .- 
AgNOg gives a silver mirror. Salts.—*B'LC1: 
white needles.—’‘B'jHjPtCla: brown pp. 

Acetyl derivative.—CeHs(NHAc)(OMe) 2 . 
[91®]. Silvery scales; sol. water, alcohol, ben¬ 
zene, light petroleum and GS, (Magatti, B, 14, 
70; G. 18S1, 352; Muihausor, A. 207, 254 ; 
Baessler, B. 17, 2119). 

Ethyl derivative C„H 3 {NH 2 )(OEt)(OH). 
From the nitro-compound (Wesolsky a. Beucdtkt, 
3f.2,370).-B'HCl. 

Di-amHo-hydroquinone C«H 2 (On) 2 (Nnj) 2 . 
Formed by reduction of di-nitro-hydroquinone 
or its di-acetyl derivative with tin and IICl. 
Owing to its easy oxidisabiliiy the base was not 
isolated in the free state. B'^JI^Cl.^.—Colourless 
needles, v. e. sol. water, si. sol. cone. HCI. 

Di-acetyl derivative CJl 2 (On)„{NIIAc) 2 . 
[ 0 . 240®]. Colourless needles. Is oxidised to 
di-acetyl-di-amido-quinone CaH,. 02 (NIIAc) 2 . 

Tetra-acelyl derivative C«H 2 (OAo) 2 (NHAo) 2 . 
[216®]; colourless needles or plates; v. sol. alco¬ 
hol and acetic acid, si. sol. water and ether. Dis¬ 
solves in dilute alkalis, the solution becomes 
oxidised on exposure to the air and deposits 
yellow needles of the above-mentioned di-acetyl- 
di-amido-quinone (Nietzki a. Preusser, B. 19, 
2247). 

Di-methyl’derivative'CJl.^{l^ll.^).^0}>ie).i. The 
hydrochloride of this body is formed by reducing 
the corresponding nitro compound. It crystal¬ 
lises in needles, flCl)®] (Kariof, B. 13, 1076). 

Di-methyl-di-amido-hydroqninono {q. v.) is 
isomeric with this body. 

BI-AMIBO-UMMIBO-BENZEKE 
OaH 2 {NH 2 ) 2 (NH )2 [1:2:4:5]. Small brown 

needles. Formed by oxidation of solutions of 
salts of tetra-amido-benzeno with FoXle, A'C. 

Salts.—B"Il 2 Cljj: glittering brown needles, 
sparingly soluble in water with a bluish-violet 
colour. — B"{HN0,)2 : small green needles 
(Kietzki a. Hagenbacb, B. 20,335). 

AMIDO-IBHDO-METHANE v. Foruamidinz. 
AmDO-DI.IUIDO.(a).NAFHTHOL 
.NH 

CjoHAO i.e. C,oH,(NH 2 )(OH)<^^^ (?). Pre- 

pared by the reduction of tri-nitro-(a).naphthol 
with tin and HCI. Brown scales, insol. water 
and ether. Salts. — B'HCl: lustrous green 
scales, si. sol. cold water.—B' 2 H 2 PtCL (Diehl a. 
Merz, B. 11,16G.S). * 

AMIDO-DI-IMIDO-OECIN C,H2N302 2aq U, 
.NH 

0|Me(NH2)(OH),,^ 1 (?). Prepared by re- 

‘\nh 

ducing tri-nitro-orcln with sodium-amalgam 
(Stenhouso^. 167,167). Lustrous greei) needles, 
V. si. sol. water, insol. alcohol, ether, and benzene. 
NaOHAq forms a deep blue solution. Beduced 
fay further action ot sodium-amalgam to tii* 


Di-amido-quinone-im/^ (Hepp, A. 216, 361). 
The hydrochloride,!'j'HOl, separates as brown 


I amido-oniin. Salts.—B'HOl u; brownish-red 
needles; sol. water but ppd. by HCI.— 

B' 2 H 2 S 0 . 2 aq: purple lamins. 

AJHBO-BI-imBO-FEENOL, so called. 

NH * 

C.H,N.O i.«. ^ [2 : ? : 1] ■ 

. 

brown 

needles with | .hen Fe-Xl,, is added to 

a cone. aqucOi^Volution of the hydrochloride of 
tri-amido-plienol (Heintzel, Z. 1867, 342). It is 
decomposed by alkalis and by hot water; hot 
dilute HCI changes it into colourless needles of 
the hydrochloride of oxy-amido-quinone-imide 
(or di-amido-quinone) CgH^N^OdlCl, while H 2 SO 4 
forms a corresponding sulphate crystallising in 
plates. 

AMIDO-IMIDO-BI-FHEBYL BBLFHIBE 

CjoHiaNaS Amido-thio^ 

di-phenyl~imid$; Amidosulphido-di-phenyl- 

imide. 

Formation. —1. By reduction of nitro-iinido- 
di-phenyl-sulphoxido, jj ^ SO. — 

2. By heating p-amido-di-plicnyl-amine with 
sulphur (Bernthsen, B. 17, 2858; A. 230, 101). 
White satiny plates (from water); m. sol. hot 
water, v. sol. alcohol and ether. Turns grey in 
moist air. FejClg converts it into the following 
body: 

Imido-imido-di-phenyl sulphide G] 2 HgN 2 Si.s. 
N<c“ij'>S. 

I ^ ’ Small brown crystals, v. sol. alco- 

NH 

hoi, b1. sol. water and ether. Its salts dye silk 
greyish-violet. It is easily reduced to the pre¬ 
ceding body. Salts.—B'HCl !aq,--B' 2 H 2 ZnCl 4 : 
brown needles or prisms. 

Di-amldo-imido-di-phenyl sulphide 

C,a,|N,S U. Formed by 

reducing (a)-di-nitro-imido-di-phcnyl sulphoxide 
with tin and HCI, or Luuth’s violet with ammo¬ 
nium sulphide (Bernthsen, B. 17, 614). Yellow 
needles or plates; si. sol. water and ether. The 
sulphate is si. sol. water. 

Amldo-lmido-imide-di-phcnyl-salphide 

C.AN.S U. 

NH^ 

Formation. —1. By treating a solution of p- 
phenylene diamine Ijydrochloride with HjS and 
Fe-jCl^ successively (Laiilh, C. B. 82,1441; Kooh, 
B. 12, 592, 2069).—2. By action of Fe^ CI 4 on the 
preceding body (B.). Its alcoholic ^ution has a 
violet colour with reddish-brown fluorescence. 
Its solution in excess of HCI is blue; in H 2 SO 4 , 
green changing to blue and then to violet. Long 
heating with Mel converts it into the mothylo- . 
iodide of penta-mcthyl-di-amido-imldo-di-phenyl 
sulphide identical with that formed in the same 
way from methylene blue. Salt.—B'HCl; green 
crystals, si. sol. cold water. 

An isomeride {Bemthsen^s Violet) is formed 
by reducing ( 0 )-di-nitro-imido-di-phenyi sul- 
phoxide and then oxidising the lenco-base with 
Fej|C3«. Its hydrochloride B'2IIC1, forms dark 
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iMe^, wbifib d7« redlit&rviotet l^SO, toms' 
• Violet sototion. 

AWDO-DMHIDO KBSOEOIK 0;H,NA aq 

or 0^{0H)2 (NHj)^ I (?). rrom tri-amido- 
' NH 

resorcin hydrochloride ^nd Fe.Cl„. Lustrous 
green needles, v. si. sol. ^tcr, insol. alcohol or 
ether: KOHAq forms a oVe solution. Dilute 
HCl at 170® forms tri-JBa^^Yjnone. 

Salt.—B'HCl: red nccdics^^.i)pd. by HCl 
(Sohreder, A, 158,250; Diehl a. Merz, D. II, 
1229). 

AMIDO-INDIGO C„H„NA £.0. 
C| 8 Ha(NH.j 2 N 302 . Prepared by reducing nitro- 
indigo with acetic acid and powdered zinc 
(Baeyer, B. 12,1317). Dark violet pp., v. si. sol. 
alcohol, ether and chloroform. Forms blue 
solutions in dilute acids. 

AHIDO’ISATIN, so called, v. IsAriNmiuE. 
AMXDO-LACXIC ACID v. Oxy-amido-pboi’ionic 
kGW. 

AMIDO-MALEIC ACID C.H.NO, i.e. 
C0.2H.Cn;C(NH.,).CO,H. [182°j" Easily soluble 
crystals. Prepared by saponification of the 
amides. --A"Ago: voluminous pp., explosive. 

Di-ethyl ether Et.A". [100®]. Colour¬ 
less prisms. Sol. alcohol and ether, insol. water. 
Prepared by the action of alcoholic NHj (2mols.) 
on chloro-maleic ether (1 mol.). 

Amido-maleaviic-ethyl ether 

C 3 H(Nn 2 )<^^Q‘y [02°]. Long white prisms. 

V, sol. alcohol and ether, insol. cold water. 
Prepared by tlie action of alcoholic NHj (3 mols.) 
on chloro*nialeic ether (1 mol.). 

Diamide C,II(Nn,)<caNn!- C 122 »]. 
Colourless plates. Sol. alcohol, ether, and hot 
water. Prepared by the action ot an excess of 
strong alcoliolic NH. on chloro-malcio ether 
(Claus a. Voeller, B. Id, l!j0). 

AMIDO-MALONIC ACID C,,HjNO, ie. 
CH(NHJ(CO,,H),,. Obtained fromnitroso-inalonic 
acid by reducing with 6odiuin-amalg.ain (lltieyer, 

A. 131, 296). Prisms (from water) or needles 
(by ppg. with alcohol). When heated alone, or 
m aqnoons solution, it splits up into CO. and 
glycocoll. Iodine oxidises it, in aqueous solu¬ 
tion, forming mesoxalic acid. 

Salt.—Pb(C,II,NO|).,: crystalline pp. 

Amide CH(NH,)(CO-.NH,).,. [1H2<’]. Pormed 
by heating chloro-malonic etiicr with alcoholic 
NH,. Prisms, sol. hot water (Conrad a, Guthzeit, 

B. 16, (107). 

AMIDO-MESITOI, C„H„NO i.e. 

C. HMe,(Nn.J(OH) [1:3:5:2:4]. A very oxidisable 
body formed by reduction ot nitro-inesitol.— 
B'HCl: noeJSes (Kneclit, B. 15,137C). 

AMIDO-ME8ITYLENE o.^Iesimns. 
Di-amido-mesitylene C,,H„N., i.e. 
0,HMc,(NH,,).,. [90°]. IVom di- or tri-nitro- 
mesitylene with tin and HCl. Long slender 
need^lcs (from water), or largo monoolinio crystals 
(from ether). Sublimes in needles. V. sol. 
alcohol or ether, m. sol. hot water. CrO, oxi¬ 
dises it to oxy-iso-xyloquinone, C„HMo,(OII)0.,. 

Salts.—B"2HCl: square tables (from water), 
ppd. Cy HCl.—13"ILC,0,: hard grains (from 
water). -- B"n.,SO,; broad laminie Ifrom water). 
Di-acelyl derivative, [atmve 360’]; 


Vi tl. soL vnO^ or atottool (Fit% i. X41,' 
134; 180,87’; Ladenburg, A. 179,176). 
AMlDO-HESXmillTIO AOID 0»H„N0i. 
o-Amido-mesitylenlo aoid 
0„H,Me,(NHJ.OO,H [1:3:4:6]. [187°] (Sohmits, 

A. 193, 171). [190°] (.Taoobsen, B. 11, 2066). 
From the nitro acid with tin and HCl. Long 
needles (from alcohol). Splits up when heated 
wil|, lime into CO., and (1, 3, 4)-xylidine. 

; -Amido-mesitylenic acid C,H.,Mc.,(NHJCO.jH 
[l;3i,2:5]. [235°]. From the nitro acid. Long 
needles (from alcohol). Si. sol. water, v. sol. 
hot alcohol. Gives (1, 3, 2)-xylidine when 
heated with lime. 

Salt.—B'lICl: long needles (Fittiga. BrOok- 
ner, .i. 147, 50 ; Jacobsen, B. 12, 608). 

AMIDO - METHENYL - AMIDO - PHENYL 

MEECAPIAN 0,H,N,S i.e. 0„H,<|^C.NH,. 

[12'J°]. Prepared by heating chloro-methenyl- 
amido-phenyl mercaptan with alcoholic NH, at 
100°. Nacreous lamina). Fusion with potash 
produces ainido-phenyl mercaptan. 

Salt.—It is a we.ak base, and has a crys¬ 
talline platinoohlorido, B'.,n,PtC], (Hofmann, 

B. 12, 1129; 13,11). 

AMIDO-METHOXY COMPOUNDS o. Methyl 
derivatives of Oxv-amido compod.njxs. 

AMIDO-DI-METHYL-ACETIC ACID v. Amoo- 

isO-BOTVniO ACID. 

DI - AMIDO - TETE A - METHYL - DI- AMIDO - 
DIPHENYL V. Tetra - Methyl - tetra - amido. 
DIPHENYL. And, in general, amido-methyl-amido 
compounds are described as mcthyl-(di)-amido 
compounds. 

AMIDO - DI - METHYL . ANILINE v. Di- 

METHYL-PHUNVLENE DIAMINE. 

AMIDO - METHYL - ANTHEACENE DI. 
HYDEILE C„H„N i.e. C„H„Ue.NH,. [79°]. 
Prepared by healing amido-methyl-anthraqui- 
norie witli HI and P at 1.60°. Glistening laminoe, 
which begin to sublime at 130’ and are sol. 
alcohol, ether, oblorotorin, benzene, glacial 
acetic acid, and CS..„ but v. si. sol. water. 

Reactions. —1. Nitrons acid gives a green 
colour, and on adding Nil,,, a rod pp.—8. 
Arsenic acid gives a brownish-red mass after 
fusion. Salt.—B'IICl|245°j: glistening needles. 

Acetyl derivative C, 5 l[|,AoN. [198°]. 
IVhito needles, sol. alcohol and ether (Boemer, 

B. 16,1031). 

AMIDO-METHYL-ANTHBANOL 

yyG.On 

C„H„NO ».«. C„H.Me(NIL)/I . [183°]. 

^CH 

Prepared by heating amido-metiiyl-anthraqui- 
none with III (S.G. 1’9C) and P. Crystallises in 
nearly white needles, but sublimes in red needles. 
Sol. alcohol, ether, benzene, and glacial acetic 
aoid, v. si. sol. water. 

Reactions .—1. H^SO, gives a yellow solu¬ 
tion, becoming purple-red on warming_8a 

HNO, gives a violet colour, turning red.—3. Air 
reconverts it, in alkaline solution, into amido- 
methyl-anthraqninone. 

Di aeeiyl derivative C|,H,|Ac,NO.[170°]. 
Thick white needles; its alcoholic solution ex¬ 
hibits blue fluorescence (Boemer a. Link,16,703). 
AMIDO-METHYL-ANTHEAQUIN'ONE 

C, .H„NO, i.e. C„HA(CH,)(NHJ. [202°]. Pre¬ 
pared by reduction of nitio-methyl-anthraqai- 
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Md needka. y. apl. aloohbi, 
ether, benzene, aoetio aoid^ and ohloroform, v. 
al. sol. water. 

Acetyl derivative C, 4 H 402 (CH 3 )NHAc. 
C177®]. Small light-red needles, sol. alcohol and 
glacial acetic acid (Homer a. Link, B. 10, 0118). 

AMIDO-METHYL BENZENE v. Toldioine 
and BENZYLAnjNE. 

Amido-di-methyl-bi'l' {Clio v. Xx^idinr. 
Amido-tri-irethyl-benzeiie f\ Mesioine nd 
4 '*Cusizdine. 

Amido-tetra-methyl-benzene v. Bubioine. 
Amido • penta - methyl ■ benzene v. Fcnta^ 
METlIYL-PlIRNYr.-AMINR, 

DI - AMIDO. TETBA - METHYL - BENZIDINE 

V. 5rctm-ME'rHYL-^tf^m-AMii)ow/t-i'iiKNyri. 

AMIDO-METHYL-BENZOIC ACID t*. Amido- 

lOLUlO ACID. 

Amido - di - methyl«benzoic acid v. Amido- 

MEHITYLENIO ACID. 

Di-araido-tri-mothyl-benzoic acid CiftHjjNsOa 
i.e. CaMe 3 (NHJ.CO..H [0:4:3:5:2:1]. Di-amido- 
durylic acid. [221'^]. Formed by reducing the 
di-nitro compound with zinc dust and dilute 
HOAc. Colourless silky needles, sol. hot water 
and hot alcohol, v. si. sol. ctlier. Fe^OJe oxidises 
it to pseudo-cuino-(jninono carboxylic acid (Nef, 
D. IH, 34%; .4. 237, 1). 

Aceti/l-dcrivative [275®]. 
AMIDb-TRI-METHYL-BUTYL.LACTiCACID 
V. OxY-AMir>n-iii-’,i*Ti»ic Acm. 

m-AMIDO-o-METHYL-CINNAMIC ALDE- 
HYDE C, JI„NO ic. C..TI,(Nn,).CII:CMe.CHO 
[CO®]. Got by reducing the nitro compound with 
FeSO, and Nil.,. Yellowish crystals; dissolves 
in aqueous acids,and reducesammoniacalAgNO,. 
Phenyl hyiLrazide 

0,H4(Nnj.C[I:dMe.Ori::N2HPh; [167'']: needles. 
Acetyl derivative 

C.H 4 (NnAc).Cn:CMo.CnO; [120®]: short thick 
prisms (Miller a. Kinkerlin, B. 10, 1218), 

AMIDO. (7?. 2-Py.2) - DI-METHYL - [Pu. 3). 
ETHYL-QUINOLINE C.aH^N^ i.c. 
CflH 3 N(Nil 2 )Me 3 Et. [140°J. Plates, monoclinic 
tables, prisms or flat needles. Formed by reduc¬ 
tion of the nitro-derivative with SnCla. Salt s.— 
B'lIOl; very soluble colourless crystals. Tlie 
nitrato and sulphate are also easily soluble in 
water (Harz, B. 18, 3302). 

AMIDO . {Py, 4)-METHYL.HYDRO-QUINO. 
LINE . CH 2 .CII 2 

OioHuNj i.e. C^H3{NH2)-. | 

\NMe.CH 2 

AmidodcairoUne. Yellowish oxidisablo oil. 
Formed by reduction of nitro-kairoline [94®] 
with SnCIj. By nitrons acid it is converted 
into a compound CioHiaN^O, [144®] when dry, 
whioli crystallises with 5aq in splendid red 
needles, and dissolves in dilute acids with a 
deep red colour. 

Salts. —The acid tartrate forin| sparingly 
soluble crystals. B^H^ClaPtCI^ (Fcer a. Koenigs, 
B.18, 2301). 

AMIDO -DI-METHYL-HYDROQUINONE v, 
ii-methyl-Amvo-nxmwqvisom. 

AMiDO-TBIMETHYL-PHENYL-ACETAMI- 

DINE V . AMlDO-f*CUMYLENE-ACETAUIDINE. 

AMIDO-DI-METHYL-PHENYL-AC^TIC AN- 

HYDRIDE V. Bi*MKTHTL'OXINDOLB. 

AMIDO-MBTHYL-PROPYL.BENZENE v. 
OxuiniNE. 


0|ftH,#N, %.e. CiHs(OH3)(NH3)N. 
aldine. [66®]. Formed by reduction of (B. 4)« 
nitro*(Py. 3)-methyl-quinofino. Long prisms, 
y. sol. alcohol, ether, and hotligroine, sparingly 
in water.—B'HCl: yellow needles (Doebner a. 
Miller, B. 17,1701). 

(B. I or 3)-Amido-|Py.3)-methyl-quinoline 
C|uHmN.uq i.e. CJIi(rji 3 )(NH 2 )N 7n-Amido-quin~ 
aldlne [i05®J wJien '.^ ^^Voriuod by reduction of 
(B. lor3)-nitrot>jV-6}*nietliyl-quinoline. Colour¬ 
less crystals ( h ILO). V. sol. hot water, alcohol, 
and benzene, sparingly in ether. B'HCl: red 
needles (Doebner a. Miller, B. 17, 1702). 

Amido - (B. 2, i-Py. 3) • tri - methyl - quinoline 
C,JI, 2 N(NII..,). Formed by reducing nitro-tri- 
methyl-quinoline with HnCi.>. Yellowish plates 
(from .alcohol) (Panajolow, B. 20, 30). 

Sulphonic acid C,JI,,(S 03 H)(NH 2 ).N. 
Small yellow needles. BaA^ 3a<i : silky needles, 
si. sol. cold water. 

AMIDO-METHYL-TOLUIDINE v. METHin- 

TOLYLENK DIA31I.NE. 

AMIDO-fl-METHYL UMBELLIFERON 
.CMo:CII 

i.e. C,H 2 (NIl 2 )(OH)r | [247®]- 

From nitro-fl-methyl-umbelliferon. Needles, 
sparingly soluble in tlie usual meustrua. Fe^Cl^. 
gives an intense green colouration with the alco¬ 
holic solution. 

Salt. -B'.ILSO,2aq: sparingly soluble pp- 
(Pechniann a. Cohen, B. 17, 2137). 

AMIDO-METHYL-URACIL v. Uramido-cro- 

TONIC ACID. 

AMIDO-NAPHTHALENE v. NAninivLAMiNE. 
Di - amido • naphthalene v. Napiituylenii: 

DIAMINE. 

Tri-amido-naphthalene Cj^HuNj iy. 
C,JI,(NIL) 3 . The hydriodidc, B'"3HI, 
formed from (/3)-tri-nitro-naphthaUmo [2I8°], by 
reducing it (1 g.) with I (20 g.), P (4 g.) and 
water; it forms white needles; at 70® it becomes 
B"'21II. The 7c, forms silky 

needles. The free base is very unstable. 

Benzoyl derivative CuHisNjO t.e- 
C,„n,(NIL)2(NHllz)[2;4^:l]. From beiizoyl-dU 
nitro-naphthylamine. 

Salts. - B"'IIC1: needles. — B'"H.S 04 S 
needles (Lauternunn a. Aguiar, Bl. [2] 3, 263; 
Iliibner a. Ebcll, .4. 208, 324). 

Tetra-amido-naphthalene G,oH, 2 N 4 i.e. 
C,„H 4 (NH.J,. The hydriodide B"''4IiI, formed 
by reducing (d)-tctra-nitro-naphthalen6 [200®] 
with P, I, and water, crystallises in yellowisli 
lamincD, sol. water and alcohol (L. a. A.). 

AMIDO-NAPHTHALENE SULPHONIC ACID 

V. NAl‘HTJtYLA.MlNE SUIumONIC ACID. 

AMID0.(i8)-NAPHTH0-HyDR3QUIN0NE 
C,„H„N 02 i.c. C,ol:i 5 (NH 2 )(OH).,. Ainido di-ox^^ 
naphthalene. The 7iydVoc/i7o B'HCl, ia 
got by reducing nitro-(i8)-naphthohydroquinon6 
with tin and HCl (Groves, C. J. 45, 300). It i* 
rapidly oxidised by air. 

AMIDO-NAPHXHOIC ACID C.ILNCt. U. 
C,,H,(NHJ.C02H. 

Amido-(a)-naphthoic acid. [212^]. From 
nitro-(a)-naphthoicacid, [230®], by reducing with 
FeSO, and NH,. CoiourleBs needles; cnay be 
sublimed; sol. alcohol, t. b 1. sol. ether (Ekstrand* 
B. 18, 78). 
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A]iiido>(j>)-imphthol< Mid. [211°]. Formed 
by ledaciog nitro-(/3)-naphthoio aoid [269°]> with 
FeSO, and NH,. Slender oolourlesa needloa 
(Ekatrand, B. 18,1206). 

Amido>(i9)-naplithoio acid. [219’]. From 
nitro-(8)-naphthoic acid [289“]. Slender 
needles. Salts.—’‘HA'IKJl: small priama,v.sol. 
water. — 'HA'IINOj: la\ro thin laminie.— 
'‘(HA'),H.;SO,: small nris nmi c needles (E.). 

Amida-(0)-napbthoic neidV. ^32“J. From 
nitro-(j8)naphthoic acid [293“j. werall trimetrio 
tables; sol. alcohol and boiling water. Salts.— 
CaA '2 4aq; long violet needles. — HA'HNOa: 
large needles.—{HA'),jH.SO,: needles (E.). 

peri-Amido-naphthoio aoid C,„Uj(NH;)COjII 
[“1 «'i]- 

Preparation. —The orudo product of the 
nitration of (a)>naphthoic acid is reduced with 
FeSO^. The solution is boiled with HCl and, on 
cooling, the lactiuii of tlie pcri-acid, [178°], 
crystallises out in yellow noodles, whilst tho 
hydrochloride of tho isomeric acid remains in 
Bolutiou. 

By diazotisation, treatment with cuprous 
cyanide, and saponification of the nitrile, naph- 
thalic acid is formed (Bamberger a. Philip, B. 
20,242). This experiment delermiiies the con¬ 
stitution ol accnaphtliene ( 2 . v.) which may be 
oxidised to naphtlialic acid. 

Lactam G„H,NO 

i.e. [179“]. 

Formed by reducing nitro-(a)-naphthoic acid 
[215°J. Needles (by sublimation); sol. hot 
alcohol, si. sol. water and ether. It is an 
indifferent substance insoluble in alkaline 
carbonates, but soluble in hot aqueous NaOlI 
with formation of the acid (Ekstran«i, B. 18, 
76; 19, 1137; compare Uakowsky, B. 5,1020). 

Acetyl derivative C,,H,AcN0. [125°J. 
Long hair-like needles (from alcohol). 

AMIDO-NAPHTHOL C,„H„NO. 

(o)-Ainido-(a)-naphthol C,jr«(OU)(NIL) [1:1]. 
Formed by reducing iiitro-(a)-naj)}itlK)l [1G1°] 
(Liebcrmann, A. 183, 217) or p-sulpho-bcnzeiie- 
azo-(a)-naphtliol (Liebcrmann, B. 14, 179G). 

The free base is unstable; its salts produce 
(a)-Daphthoquinoiie when oxidised. 

B'HCl: white needles; converted by bleach¬ 
ing powder into C.,„H,„N;,C1 or C..„H,.N.,C1 which 
separates from HOAcAq in needles [85°], and 
explodes at 130® (Hirscli, B. 13,1910). 

(j8).Amido-(a)-naphtholC,JJ,(011)(NH.,)[l:2J. 
Formed by reducingnitro-(a)-naphtIiol [128®], or 
nitro 80 -(o) nuphthol (L.). 

The free base is unstable; in presence of 
alkalis, air l^ms violet naphthoquinone-imidc, 
,NH * 

I • Its salts give (/3)-naphthoquinone 

when oxidised. B'lIOl: white lamins.— 
B'C„H.,(N0,).,0H. 

(2). Amido - (0) - naphthol C,on„(OH)(NH,). 
Formed by reducing nitro-{/9)-naphthol [103°] 
(Jacobsen, B. 14,806; A. 211, 48) or nitroBO'(3)- 
oaphthol (Groves, 0* <7.45,29G). 

P;%)arafio».—(j8)-naphthol orange is heated 
with HClAq and SnCl, in slight excess over that 
required by the equation: 


HO.O, A.Na.OASO.Na + 2Sn01, + 6 Ha- 
HO.O„H,.Nfi4HCl + NH .,0«H,.SOwH+ 
2SnCl4 + NaCl, 

Amido-(;3)-naphthol hydrochloride orystalliseB 
on cooling, and is freed from suiphanilio acid 
by washing with NaOHAq (Groves, 0. /• 
45, 291). 

Properties. —Colourless scales, v. si. sol. 
watAr, readily oxidised by air. Its ethereal 
solildon fluoresces violet. Chromic viixture 
oxidllsoa it to (/8)‘iiaphthoquinone. 

Salt.—B'HCl: white needles. 

Benzoyl derivative .— C,uHi(NHBz)OH. 
[245®J. Small colourless plates, soluble in 
alkalis. Formed by reduction of tho benzoyl* 
dorivativo of (a)-nitro-(8)-naphthol, the benzoyl 
group wandering from the hydroxyl to the 
aniidogcn; this probably takes place by the 
intermediate formation of benzenyl-amido- 

naphthol C,„n^<^Q^C.C^H 5 since this body 

occurs in the reduction product. 

Acetyl derivative. — C,„TI,i(NiIAc)OH. 
[225°]. riates. F'oniiod by reduction of the 
acetyl derivative of (a)-nitro-(/3)-naphtliol, the 
' same isomeric change taking place as in the 
; preceding case (Bottclier, B . 16, 1935). 

Di-amido-(a)-naphthol 0,^11,„NA) i.e. 
C„JI,(011)(N11J^. From di-nitio-(a)-naphthol 
[1.38°] (Griess a. Martins, .-I. l.'U, 376). Its 
aqueous .solution is turned red by Fi’-.d,,, amido* 
uaplithoquinone imide (</. v.) being formed. 

Salts. (Granbc a. Ludwig, *4. 151, 307).— 
B"U SnCl, : monoclinic pri><ms, «:6:c = 
MSi: 1:1187, -72® 33'. - B 'll ,SnCl,4aq.— 

B"lLSO,2aq. 

Tri aniido (a)-naphthol C,„ll,,l^:,0 i.e. 

C,nil,(Oil)!Ml,).,. From tri-nilro-(a)-naphthol 
(Diehl a. Merz,'B. 11, 1665; l«<slrand, B. 11, 
161). 

B'"n.SO,aq: scales.—lV"3rfCi atj: needles. 

AMXD0-(/3)-NAPHTH0L SULPliONIC ACID. 
C,„lldGll)(NH_.).SO;,li. From nitroso-(8)'naph- 
tliol sulphonic aeitl (y. v.) with tin and HCl 
(Meldola, G.J. 39, 47). Long wliite needles, 
V. sol. water, turned brown by air. (riv('S j)lithaUo 
acid with HNO,,A«i. 'i’he acid obtjuned by 
reducing m-carboxy-benzene-azo- siilpho- (fl)* 
naphthol apjiear.s to be an isoineride (Griess, B, 
14, 2032). 

Di-Amido.(a)-naphthol-8ulphonic acid 
C,„H,(On)(XII,)_,SO.,ll [l;2;l:8'j. I’repared by 
reducing naphthol yellow H. Jianiitue; gives 
(li-iinido-(a)-nap!tthol sulphonic aoid when 
oxidised (Laiit< rb.acli, B. 14, 2i)29; 

Ami(lo-(^)-naphtbol di-sulphonic acid 
C|nTI,(0II)(NJl._,)(S03H)41at2. From 7rt-carboxy- 
benzonc azo-suIpho-(^)-naphthol by reduction* 
Laminie, v. sol. water (Griess, B . 14, 2012). 

AMIDO-NAPHTHOQUINONE C.Jl^NOa 
C,„lli(NII.JO.... 0.cy‘naphlho>quinone imide* 
Oximido - napfhthol. Orange needles, formed 
by boiling amido-naphthoquinono imide with 
water (Martins a. Griess, A. 134,377; Graebe a. 
Ludwig, A. 154, 307). SI. sol. boiling water, v. 
sol. alcohol, insol. ether. Converted by boiling 
acids or allcalk into oxy-naphthoquinone. Am* 
Ihie, whtyi heated with it in acetic acid solution, 
forms naphthoquinone di-anilide. 

Ita dihydrido is described as AMioo-atAPHTHO* 
HvnuoQunfoKS. 
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AXXDO irAPBTHOaiTIKOO.tXIDS 

yNH 

Di-imido-naphthol. From di<amido>(a)-naphthol 
and Fo^GlyAq (Graebe a. Ludwig, A. 154, 807). 
Minute needles, v. si. sol. cold water, v. sol. 
alcohol. Boiling alkalis and dilute acids at 120^ 
convert it into oxy-naphthoquinone. Redui.ng 
agents produce di'amido-(a)-naphthol. An: jim 
heated with its hydrochloride forms naphtho¬ 
quinone di-anilide. Salt.—B'HOl: dark red 
monoclinic prisms with green lustre a:6:c* 
2-9C7 : 1 : 2*890 & = 74° 28' — B WHClo. — 
B'n,CrO,: S. -13 at 12°.—B'H,SO,. 

Bromine-water added to an aqueous solution 
of amido-naphthoquinone imide produces two 
derivatives (Kronfcld, B. 17, 715): 

1. C„H^Br,Po fl73°] : white plates, sol. 
alcohol, benzene, HNO, (S.G. 1*1), and CHC1». 

2. CioH^Br^NOa i.e. CBr3.CO.C«H,.0(NH).CO,H 
[218°]: white needles, sol. alcohol, benzene and 
HNO, (S.G. 1‘4), insol. chloroform. It is split 
up by cold alkalis into phthalimidc and bromo- 
form. When heated alone or bettor with 
at 110° it gives CO., Brj and an acid C 9 H,iBr 2 NO 
[237°]. This loses IIBr when boiled for a long 
time with alkalis. When heated with 11^^804 it 
gives phthalic acid. 

AMIDO ■ NAPHTHOaUINONE SULPHONIC 
ACID OmII„N.S 04 . Minute coppery needles, 
formed by oxidising di-amido-naphthol sulphonic 
acid. 

DI-AMIDO-DINAPHTHYL Di- 

iiaphthyline. C,„H 4 (NH,).C„H,{NH,). [273°]. 

Colourless plates (from benzene). Formed 
together witli a smaller quantity of the isomeric 
naphthidine by ^arming (aa) -hy drazonaphthalone 
with two mols. of dilute HCl at 70°-80°; a clear 
solution is formed from which the naphthidine 
is ppd. as its sparingly soluble hydrochloride by 
adding an excess of HCl, the easily soluble 
hydrochloride of diuaphthylino remaining in 
solution. 

lieactions .—By diazotising and boiling with 
alcohol it is converted into (aa)-dinaphthyl 
[154°]. By boiling with acids NH, is easily split 

off, giving imido-dinaphthyl | ^NH, By 
. C.oH/ 

GrO^ it is oxidised to phthalic acid. 

Salts. — B^ILClj*: easily soluble. — 
B"H..C1.>1HC1,: sparingly soluble yellow plates 
(Nietzki a. GoU, B. 18, 5254). 

Di-amido-dinaphthyl {•naphthidine). Probably 
[4:1] C,„H„{Niy.O,A(NH.,) [1:4]. [198°]. 
Silvery plates or colourless tables. Soluble in 
alcohol and benzene. Formed, together with its 
isomerido dinaphthyline, in small quantity by 
heating (aa)-hydrazonaphthalene with HCl, and 
in largo quantity by reduction of (on[)-azonaph- 
thalene with SnCl.; and HCl. 

Preparation.^One pt. of azonaphthalono is 
dissolved in 46 pts. of hot acetio acid, and a 
solution of SnC4 (1 pt-) in 2 pta. of HCl and 2-3 
pts. of water is added in sufficient quantity to 
decolourise it; on adding an excess of llGl the 
sparinglycoluble hydrochloride of nsphthidine 
is ppd. 

Iieaclions.~¥9.filt» CrO„ Cl*, <fto., produce a 
oarmine red oolouration or pp. with solotions of 


naphtdiidine salts. Bv heating with OrO, it is 
oxidised to (a)-naphtaoquinone and finally to 
phthalic acid. Its diaio-compound yields violet 
colouring-matters with the sulphonic acids of 
(jS)-naphthol. By boiling the diazo-compound 
with alcohol it yields (tta)-dtnaphthyl [154°]. 

S a It 8.—B"H.Cl 2 : sr.aringly soluble colourless 
silvery plates.—B"H. Cl.PtCi 4 .—B"H 2 S 04 : very 
sparingly soluble glistening plates. 

Di‘ao'ityl-(fy-.ri‘Aj,tiv6 02oH,2(NHAc), 
[over 300°] ;.*.:cariy insoluble in ordinary sol¬ 
vents (Nietzki a. Goll, B. 18, 3251). 

Di - amido • (aa). dinaphthyl G.oH, 2 (NH 2 ),. 
Obtained by reduction of di-nitro-dinaphthyl 
with zinc dust and HCl. It is readily oxidised 
.NH 

to the di-imido-compound Cj^IIjj^ j , so that 

\nh 

it cannot be diazotised. B''H 3 Cl 2 : easily soluble 
colourless needles. The bichromate pps. in brown 
crystals. 

Di-acetyl-derivative C 2 oH, 2 (NHAo^ 2 . 
[Above 300°]. Colourless needles; insoluble m 
all solvents (Julius, B. 19, 2551). 

Twenty-eight di-amido-(aa)-di-naphthyls are 
indicated by tlieory. 

Tetra - amido - iso • di - naphthyl C 2 uH,«(NH 2 ) 4 . 
[104°-167°]. From tetra-nitro-iso-d'i-naphthyL 
Grey powder, si. sol. alcohol, m. sol. toluene 
(Staub a. Watson Smith, C. J. 47,104). 
AMIDO-NIIBO- V. Niruo-AMiDO-. 

AMIDO-NITBO-BBOMO* v, Baouo-viTBO- 

i.!£II)0-. 

AMIDO-KITB0*CHL0B0- v, CnLOBO-MXTBO- 

AMIUO-. 

AMIDO-NITRO-IODO- v. Iodo-nitbo-amido-, 
AMIDO-OCTOIC ACID ChII„NO., i.e. 
C4H,3.CH(NH2).C02H. Amido • caprilic acid. 
From heptoic aldehyde-ammonia ((lenanthol* 
ammonia) and HON lErlcnmcyer a. Sigel, A, 
176, 341). Pearly white laminm, v. si. sol, 
alcohol, ether, and cold water. Neutral. Vola¬ 
tilises before fusing. Salts. — HA'HCl.— 
IIA'HNOj: slender needles.—(HA')..H 2 S 04 .— 
CuA'.,. 

Nitrile 0,H,3.Cn(NH2).CN. [0°]. FromHCN 
and oenanthol-ammonia (E. a. S.). Oil, miscible 
with alcohol and ether. Salts.—C^H ibN^HCI: 
satiny, six-sided plates.—(C„H, 6 N 2 )..II,PtCl 4 . 

Amide C 4 H, 2 .CH(NH,).CONri 2 ' From tho 
nitrile and cone. HCl. Salts.— 
(C,H, 8 N 20 ) 2 H 2 PtCl*.-CJI, 3 N,. 0 HCl. Converted 
by aqueous NaHOOj into an acid, CuHi^N^Oj (?). 
AMIDO-OCTYL-BENZENE v. Amido-puentl- 

OCTANE. 

AMIDO-OCTYI-TOLDENE v. Aiudo-tolvl- 

OOTANE. 

AMIDO . CENANTHYLIC ACID v. Amido- 

HEPTOIC ACID. 

AMIDO-OPIANIC ACID v. Opxamic acid. 
TRI-AMIDO-ORCIN C^HnNjO, i.e. 
CjMo(OH) 2 (NH 2 )s. From tri - nitro - orcin by ^ 
sodium-amalgam or by Sn and HCl. Its solu¬ 
tions readily oxidise in air, forming aimdo-di- 
imido-orcin {q. v.) (Stenhouse, Pr. 21,12o). 

AMIDO-OXALOXYL-ACEXIC ACID 
C0..H.CH(NH2).C0.C02H. Phenyl hydrazieU 
C02H.CH(NH2).C(N2HPh).CO.,H. Obtained by 
reduction of an alkaline solution of Hhe di¬ 
phenyl - hydrazida of di - oxy - tartaric acid 
0 ,(N,HPh) 3 ( 00 ,H )3 with todinm amalgam. 
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Vdiito yetf oxidUabk, its aUtaline wlutiiui' 
qnickl; becoming reddish-violet on contact vrith 
the air. By wanning with HjSO, it is converted 
into the anhydride C„H,,N,0, which is probably 
ozy-amido-qninizine-carboxylic acid (q. v.). By 
farther redaction of tho alkaline solution with 
aodium-amalgatn di-amido-succinio acid [125°] 
is formed (Tafcl, ]}. 20, 21!). 

AMIBO-OXINDOLE d 0.vindole. 

AMIDO-OXY- V. Oxv-!tMii*-. 

AMIDO-PHElTANTHEENE’u.IVEXANTnRENi!. 

AMIDO-M-PHENIC ACID C,,II„NO, i.e. 
[1:2] CO-II.C„H..C„H,(NH;).CO.,H [1:5:2], Tho 
hydrochloride, H. 2 A"HC 1 , obtained from nitro- 
di-phcnic acid, forms silvery lamina. When 
distilled with lime it produces p-amido-liuorene, 
0„H„NK2 [123 ] (Stasburger, B. 10, 2317). 

o-Di-anudo-di-pheuic acid C||H,.,N.,0, i.e. 
[3:2:1] (CO..II)(NH..).C„U3.C,R,(>Jii;)(CO,H) 

[1:2:3], Formed, by intramolecular change, 
when o-hydrazo-benzoio acid is boiled with HCI 
(Griess, B. 7, ICO!)). 

ni-Di-amido-di-phenic acid C||II,..N„0,l’.aq 
i.e. [2:1:1] (CO.,H){NH..).C.H,.C„H,(Nil..)(CO;il) 
[1:4:2]. Bmzulhie di-carhoi-ylic acid. 

Formation.—1. From tho corresponding di- 
nitro-compound (Hummel, A. 193, 128; Struve, 
B. 10, 75; Schultz, B. 12, 235).—2. From 
w-hydrazo-benzoic acid by boiling with HCI (G.). 

Properties. — Short needles (from water); v. si. 
sol. water, alcohol, and other. It gives benzidine 
and di-amido-fluoronc when distilled with lime. 

Salts. — Ag.A"aq. — H..A"2HC1. — 
H.^"2HNOj.—ITA'lLPtCL 2aq. ‘ 

AMIDO-PHENOL.' 


tf-udido-phanol and otheir 'prodneti am 
farmed. The salts 6I the base have green 
metallic lustre and are easily soluble in alcohol 
but sparingly solnble in water; much water 
decomposes them into acid and base.—B"2H01. 
—B"2HClPtCl,.—B",H.,SO,. Acetyl deriva¬ 
tive C;,H|„Ao.jN 40 ,. [285°]. Oxidised in glacial 
acetic acid solution by IINOj, this give.s C,,jH„N,0, 
[27d-’-280°]. Benzoyl derivative 
Cj|lV,„Bz.,N,Oj. [205°]. Reactinm. — Nitrout 
acM?" converts tho base into CjiHmNjO,, which 
forms small red needles, [above 290°]. HNO, 
oxidises it in acetic acid solution to a body which 
crystallises in yellow needles [200°] (Zincke a. 
Hebi brand, A. 220, 00). 

Acetyl derivative C,iH,(OH)(NHAo). 
[201°]. From its anhydro-dcrivative by boiling 
with dilute Tl.SO^ (Ladenburg, B. 9, 1525). Ac¬ 
cording to Morse (B. 11, 232) it can be formed by 
reducing o-nitro-phcnol with Sn and IlOAc (c/. 
Zincke a. Hebebrand, A. 220, 09). Glittering 
white plates, v. sol. alcohol and hot water; sol. 
KOH.\q. Not affected by quinono. 

Anhydro derivative 

Fthemjl-o-amido-pJienol. [201°]. S.G. - 1‘13G5. 
P’ormed by heating o-amido-phcnol with Ac-0, 
or its acetyl derivative with P,Oj (Ij.). 

Bemoyl derivative C„H 4 (NTII!z)(OH). 
[107°]. From the anhydro-compound by boiling 
with aqueous acids, or from tho di-benzoyl deri¬ 
vative by boiling with water and BaCO, (Hiibnor, 
A. 210, 387; Bottoher, B. 10, 029). Lamina), 
si. sol. cold water, v. sol. hot water, sol. alcohol, 
ether, and benzene. 


o-Anudo-phenol C„H.NO i.e. C 5 H,(NII.,)(OH) 
[1:2]. [170°]. S 1-7 at 0° (Kovner). 

Formation. —1. By reducing o-nitro-phenol 
(Hofmann, A. 103, 351; Fritzsche, G. 110, 100 ; 
Schmitt a. Cook, K. 3, 02). 

Properties. - Scales; may be sublimed. 

Salt s..B'HCl; S. -8 at 0°.—B'.,H.,SO,. 

Reactions. —1. Oxidised by K,FnCy, forming 
a dye (C-.HipNjO., ?) which sublimes as pink 
ncedies (G. Fischer, J. pr. [2] 19, 319).—2. 
Nitrous acid forms o-diazo-phenol. — 3. Con¬ 
verted into oxy-quinoline by heating with 
glycerin, o-nitro-pdunol, and BLSO, (Hkraup, B. 
15, 693).--4. Lactic acid, o-nitro-phenol and 
H-SO, give oxy-methyi-quinolinc (oxy-quinal- 
diiie).—5. CH.,Cl.CO-H gives oxy-phenyl-amido- 
acetio acid, 'CO,,H.CH,.Nn.C„II,.OH (Vator, 
J. pr. [2] 29, 280). — 0. CI.CO.F.t gives oxy- 
phenyl - carbamio ether, HO.C„H,.NlI.CO;,Ft, 
[86°], which is converted by distillation into 
alcohol and oxy - mcthcnyl - amido - phenol 

0,H4<q^C.OH, [138°] (GrOnvick, BL [2] 25, 

178).—7. xanthatc <v)nvcrt8 the hydro- 

chloride of amido-phenol into sulpho-carbanil 

C.H.vq^CSH, called also thio-carbamido- 

phenol and ■ oxy-phenyl-thio-carbimide’ (Kalok- 
noff, S- 10, 1825; Zincke a. Hebebrand, A. 220, 
60).—8. Amido-phenol (30 g.) heated with alco¬ 
holic guinonc (43 g.) forms hydroquinone; and, 
on cooling, violet needles of a base C„H„N,0, 
[260°] separate. This base is soluble in aniline, 
iparingly soluble in alcohol, benzene, and chloro¬ 
form, In dilate acids it forms deep red solu- 
tiona. Boiled with NaOH, ammonia comes oS 


Anhydro derivative C,H,<[^®^C.Ph. 

Benzenyl - o - amido - phenol. J[103°]. (314°). 
I'ormcd by heating o-amido-phcnol with BzCl, 
HOBz, or phthalic anhydride, and distilling tho 
product (L.); or by reducing o-nitro-phcnyl 
benzoate, with Sn and HCI. It is insol. water, 
v. sol. alcohol. Its salts are unstable, but 
B'jH-PtCl, may be crystallised from alcohol. 

Di- benzoyl derivative 
C„n,(NHBz)(OBz). [170°]. From o-amido- 
phenol hydrochloride and BzCl (Hiibner, A. 
210, 387). 

Formyl derivative. Only known in its 
Anhydro-derivativo C„H,<;^^^CH. 

Methenyl-amido-phenol, [31°]. (183°). Formed 
by heating o-amido-phenol with formic acid. 

Phthalyl derivative 
CJI,:(C.,02):N.C,H,.01I. Oxy-phenyl-phthali- 
midc. [220°J. From o-amido-phcnol and phthalio 
anhydride at 220°. Yellowish prisms; converted 
by heat into CO, and anhydro-beuzoyl-o-omido- 
phenol, and by boiling NajCOjAq into phthaloxyl- 
amido-phenol, CO,n.C„n,.CO.NH.C,H,OH, 
[223°] (Ladenburg, B. 9, 1528). 

Methyl derivative 0,H,(NIIj).OMe. 
o-Anisidine (228°). From o-nitro-anisol by 
reduction (Briinck, Z. 1807, 205; Muhlhauser, 
B. 13, 919, A. 207, 236; Horold, B. 15, 1084). 
Liquid, It acts upon quinone thus: 

3C,H,0, + 2C„H,(OMe)NH, - 

2C.HF,(OH), + C.H.,0,,(C.H,(OMe)/NH,), 

The product forms reddish-violet needles (from 
glacial HOAc and benzene), [230°], and give* 
a fine blue solution in cone. H,SO, (Zincke, il. 
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tS6,6^. 1 nc^es (&om aloo- 

holh may be sublimedi—B'HBr.~B'H 8 S 04 .— 
B^^HjPtCV—Chloroaoetate (Vater. /. pr, [2] 29, 
288). Acetyl derivative.—C^ 4 (N^c).OMe. 
[84°] (204®). Pearly crystals. Sol hot water. 
Benzoyl derivative. — C.H 4 (NHBz).OMe 
(69®]. 

Ethyl derivative C„Hj(NH.J.OFit. 
0 ’‘Amido>j}Uenetol. (229®). A liquid prepj^’ 1/ 
reducing o-nitro-plieuctol (M. Forster, ^ pr. 
129i 344). Reactions.—l. Bromine foraas a 
di- and a tri-broino-derivative. — 2. Cyanogen 
chloride passed into an ethereal solution forms 
ethoxy-phenyl cyananiide, [94®J, o- 
amido-phenotol hydrochloride being ppd.: 

2C,H4(NH..).OEt + CNCU 
C«H,(Nn.JOEtTICl + C,H4(NII.CN).OEt 
(Berlinerblau, J. pr. [2] 30, 98). Chloro- 
flceiate.—C,n,{NH,)(0£t)Cll,Cl.CO,H (Vater, 
J,pr,[2] 29,288). 

Ethylene derivative 
[128®]. By reducing the ethylene ether of 
nitro-phenol with Sn and HCl. Properties.—Tri- 
metric plates (from alcohol or water). Feels 
greasy. Insoluble in cold water, soluble in alco¬ 
hol, other, chloroform and benzene. Forms a 
bluish-black solution with H;,S 04 . Fg.CI<, gives 
a sepia-brown colour. K^Cr„0, and HCl give a 
brownish-red colour (E. Wagner, J.pr. [2] 27,201). 
Salts. — B"21IC12aq. Silver-grey glittering 
flat needles grouped in tufts (from water). The 
acetate is extremely soluble. The sulphate is the 
least soluble salt, it crystallises in pearly plates 
but, like the oxalate, it readily becomes oxidised. 
Biacetyl derivativc.—[220®]. Needles. 

Oxclhyl derivative .— 
H0.C,H,.0.C,H4.NH,. [90®]. Got by reducing 
BzO.C.jij.O.C,H 4 ,Nd,j (v. o-Nitro-piienol) by Sn 
andHCl(Weddige, J.pr. 132,252). Properties. — 
Colourless plates, slightly soluble in water, readily 
soluble in alcohol, ether and boiling benzene. 
A feeble base. Benzoyl derivative 
BzO.C,H,.O.CuH 4 .NH^ [c. 100®]. Got by re¬ 
ducing the benzoyl derivativo of the oxethyl 
ether of o Nitro-phenul {q. v.). 

Amido -ethyl derivative 

NII,.a,U4.0.C,H4.NH, 

Anhydro-benzoyl derivative 
.Nil. Cx-CJI, 

0^4^ ^N [151®] V . o-Nitro-phesol. 

\o.c«H4/ 

w-Amido-phenoI OJl 4 (NHJ(On) [1:3]. 

From wt-nitro-phenol by reducing with Sn 
and HCl (Bantiin, B. 11, 2100). The free base 
is extremely unstable. Its hydrochloride, B'HCl, 
is formed by reducing bromo-m-nitro-phenol 
(Pfaff, B. 16, 013). 

Methyl derivative CaH,(NHa)(OMe) 
m-Anisidine (251®). Salt.-—B'llCl (Pfaff). 

Ethyl derivative 0„H4(NHJ(OEt). (180®- 
205®) at 100 mm. From the nitr9 compound 
by Sn and HCl (P. Wagner, J.pr, [2] 32,71). 
A yellowish liquid, turning red in air. Salts.— 
B'.HaSnCl 4 : plates.—B'HCl: silky grey needles; 
insol. ether, sol. water and alcoliol. — 
B'^.;S 04 l;Jaq.—*B' 2 HjC.P 4 : brownish plates.— 
"B'iiBr (Staedel, H. 10, 29). Acetyl deriva¬ 
tive C«Iii(NHAc)(OEt). [97°], GlittSring white 
plates (from water). 

Ethylene derivative 03 H 4 ( 0 .C 4 ^ 4 NHJ 2 . 
(136®]. Obtained by reducing the ooixespouding 


nitro^ompoimd. Short prisms (from aloohd). 
81. sol. hot water, sol. hot alcohol and benzener 
si. sol. ether. Forms crystalline salts. 

n-Amido-phenol 0«H 
(S. a. C.). [c. 184®] 

(alcohol) 4*6 at 0®. 

Preparation. —1, From jp-nitro-phenol by 
reducing with iron and acetic acid (Fritzsche, 
A. 110, 166) or Sn and HCl (Schmitt a. Cook^ 
KV 3, 01).—2. F'om ■'amido-salicylio acid by 
distillation (^chruiU,^B.l,07).— 3. Fromnitroso- 
phenol (k’lueyer a. Caro, 1>. 7, 905). 

Properties. - Crystalline, but very unstable. 
May be sublimed (S. a. C.). In capillary tubes 
it turns brown at 140® and melts at 184® with 
decomposition (Losscri, A. 175, 290). 

Salts.—B'HCl. S. 71 at 0®. S. (alcohol) 
10. Turns brown in air.—B'lTOAc. [183®]. 
S. 11 at 0®. S. (alcohol) 8*3 at 0®. 

Reactions. 1. Bleaching powder solution 
added to a cold solution of p-amido-phenol 
hydrochloride forms quinone chloro-imide, but 
if added to a hot concentrated solution ol the 
salt it forms a mixture of tri- and tetra-chloro- 
quinones.—2. Bleaching powder added to a solu¬ 
tion of p-amido-phenoi in fuming HCl at 0® 
forms pure tri-chloro-quinono.—3. Chlorine gas 
passed in excess into a solution of jp-amido- 
phenol in fuminglTCI forms pure tri-chloro-amido- 
phenol (Schmitta.Andresen,/.^r.l31,435). The 
; observation that chlorine converts yi-amido- 
! phenol hydrochloride in aqueous solution into 
qninone-chloro-imidc, wiiile in presence of cone. 
HCi chlorine converts ^J-amido-phonol into tri- 
chloro-amido-phcnol, is explained by the fact 
that quinone-chloro-imide is changed by cono. 
HCl into chloro-p-amido-phonols. In this de¬ 
composition the hrst reaction is: 

This reaction is similar to that betweso 
chloride of nitrogen and llCl; 

NClj + 4IIC1 = NU.Cl + 3Clj. 

Hence both ammonia and amidogen are pro* 
tected by cone. HCl from the action of chlorine* 
4. Acts on guinone as follows : 

30„H,0., + 2NH...C„H,OH = 

2C„H,(OH)j + CA(Nn.,.C„n,.OH)20j. It is best 
to uso tho hydrochloride of p-amido-phenol in 
hot aqueous solution ; the product, which sepa¬ 
rates on cooling, is sparingly soluble in tho 
usual menstrua, and docs not melt below 290° 
(Zincke a. Hebebrand, -4. 22C, 70).—6. HCl* 
NaNO.j, and K-SOj produce p-diazo-phenol 
sulphite, HO.O,li,.N,.SOjH (lleisenegger, A. 221, 
31(i).—6. Cl.COoEt formsp-oxy-phonyl-carbamio 
ether. HO.C„H,.NII.CO,Et [120"].—7. Amiitura 
of HCl and j’otas.sium ajamiU plfewes p-oxy- 
phenyl-urea, IIO.'C.H,.NH.rX).NH* [168'^].—8. 
HCl ani potassium sulphocyunido produce, when 
the solution is evaporated, p-oxy-phenyl-thio- 
urea, HO.C.H,.NH.CS.NH-(214°].-9. CS, pro¬ 
duces di-oxy-di-phenyl-thio-nrCB, 
CS(NH.C.H..OH).,. 

Acetyl derivative 0,H,(NHAo)(OH). 
[179°]. Large white prisms; obtained by re¬ 
ducing p-nitro-phenol with tin and glacial acetic 
acid (Morse, jB. 11,232). • 

Benzoyl derivative C,H,(NHBz)(0^ 

[ [227°]. From p-amido-pbeuol and BxOl 
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<Hfibner, A. SIO, S78). Keedles, insol. water, 
wcohol, and petroleum, si. soL hot alcohol. 

Amido-phenyl &enzoateO,H,(NH,)(OBz). 
[164°]. Obtained by reducing p-nitro-phenyl 
benzoate. Plates; sol. boiling alcohol, and water, 
T. e. sol. glacial acetic acid. 

Di-acetyl derivative 0,H,(NHAo)(OAc) 
[161°]. Fromp-amido-phenol and Ac,0. 

Di-beneoyl d«rioa<i«cO,Hj(NHBz)(OBz). 
[231°]. From p-amido-jSlenqJ and BzCl. 

Methyl derivative •C,K,(NH 2 )(OMe). 
p-Anisidine. [50°]. (210°). From p-nitro-anisol 
(Brunk, Z. 1807, 205 ; Salkowski, B. 7, 1009). 
Formed also, together with CO,, when anisoyl- 
hydroxylamine is distilled (Lessen, A, 175,296). 
Tables (from water). B'HCl: long needles. 
B',H,Pt01,. 

Ethyl derivative CjH 4 (NH,).OEt. (253°). 
Obtained by redueing p-nitro-phenetol 
[Halloch, B. 14, 37). 

Ethylene derivative C 2 n,(O.CjH,NH,)j 
[0.170°]. By reducing the ethylene ether of 
y»-nitro-phenol (q. v.). Properties. — Needles, 
which turn brown in the air. Crystallises from 
alcohol or from water. Very soluble in hot ben¬ 
zene, less soluble in CHCl, or ether. Forms a 
deep blue colour with K^CrjO, and HCl. Fe.Cl, 
gives a cherry red (E. Wagner, J. pr. [2] 27,206). 
Salt.—B"2HC1: long thin needles grouped con- 
■centrically. The acetate is deliquescent. The 
aulphate is the least soluble salt. The oxalate 
is but slightly soluble. 

(o) Di-amido-phenol 0,H,(OH)(NHJ, [1:2:4]. 
From (a) di-i.itro-phenol (Gauhe, A. 147, 06; 
Stuckenberg, B. 10, 385; Post a. Stuckenberg, 
A. 205,00). The tree base is extremely unst.able. 

Salts.—B"2HCI. Precipitated by adding 
cone. HCl to its aqueous solution. Small prisms 
insoluble in cone. HCl, and in absolute alcohol. 
Dilute solutions are turned violet-red by FCjCl, 
or bleaching powder (H. Kohler, J. pi, [2] 29, 
270).-B"2HI.—B"H.,SO,2aq : tables. 

Di-beneoyl derivative 
■C.H,(NHBz),6h (?). [187°]. From the hydro¬ 
chloride and BzCl. Pale red leaflets; sol. alcohol, 
-chloroform, and aniline, si. sol. ether, insol, 
water. Forms a nitro derivative [c. 169°]. 

Tri-beneoyl derivative 
<!,H.(NHBz),(OBz)(?). [233°]. llhombohcdra, 

insol. alcohol, chloroform, and ether; sol. 
aniline. 

(0) Di-amido-phenol C,H,(NH.J,OH [2:0:1]. 
The free base is very unstable; its hy'dtochlorido 
is got by reducing the corresponding di-nitro- 
phcnol (Post a. Stuckenberg, A. 205, 79). 

Salts.—B''2HC1: thick pointed prisms, v. 
zol. water, si. sol. alcohol. B"H.,S 04 : yellow 
needles. 

Di^bl/^'oyl derivative 0,H,(NnBz).,OH. 
[209°-213°]. Minute crystals, sol. alcohol, si. 
sol. benzene. 

Tri-beneoyl derivative 
C.H 4 (NHBz)(NBz. 4 )(OH). [184°]. Sol. warm 
NajCOjAq, insol. chloroform. 

Tetra-beneoyl derivative 
‘C„H,(NBzj)(NBzj)OH. [182°]. Leaflets; insol. 
water, sol. warm Na.COiAq, alcohol, benzene, 
and ether. 

Di-Wido-phenol C.H,(OH)(NHJ,. [1:3:4]. 

Hydrochloride B''2H01.—Formed by 

beating ethoxy-p-amido-phenyl oarbamio ether, 


OA(pH)(NH|JKH.GO^t with fuming H( 
(H, KOhler, J. pr. [2] 29,269). Oblong plate: 
Very soluble in cone. HCl and in absblute afeoho 
Dilute solutions are turned blood-red byFe,0 
or bleaching powder. 

Tri-amido-phenol OjHj(NH 2 ),OH. [2:4:6:1] 

Formation.— 1. From picric acid by reductio 
(Heintzel, Z. 1807, 338; B. 1, 111; Bambergci 
D. fO, 2400).—2. From picramide, Sn and HC 
(H4>P, a. 215, 350). The free base is unstabh 
The salts give a blue colour with a large quantit 
of water containing air. In cone, solution Fe^Cl 
gives deep blue glittering crystals of amido-di 


imido-phenol (Heintzel). 

Salts.— B'''.3HC1.—B"'.23n2S04.-B"'H,SnCl 
l!.aq. — B"'HI H2SO,2aq. — B'"niH,P 04 2aq. - 
B’" 2 H,FeCy,. If the hydrochloride is boiloi 
with HCl di-amido-dioxy-benzene is go 
(Salkowski, A. 174, 260). 

Tri-acetyl derivative Csn 2 (NHAo)jOB 
[263°]. From the hydrochloride of tri-amido 
phenol by heating with NaOAc and Ac^O. Whiti 
plates, soluble in acetic acid, hot alcohol, water 
aqueous acids and alkalis, very sparingly ii 
benzene and acetone; by HNO„ CrO, or Fe^Cl 
it is oxidised to the tetra-acetyl derivative o: 
tetra-amido-di-oxy-diphenyl-quinone 
C,H(NHAo),(OH).0 

I (Bamberger, B. 16, 2400). 
C,H(NnAc)2(OH).6 

Iteaction. —Tri-amido-phenol hydrochloridi 
is converted by bromine water into ‘bromo 
dichromazin’ 0|,HgN3Br,,O,. This bod; 
separates from alcohol in yellow needles will 
feeble violet dichroism. Boiling dilute HjSO 
converts it into ‘bromo-dichroic acid 
C|,n,Br„0|, and ammonia. Bromine oonverti 
bromodiehromazin into hexa-bromo-acetom 
(Wedel a. Gruber, B. 10,1137). 

Tetra-amido-phenol 

Ethyl-ether, hydrochoride 
C,;H(NH2),(OEt),2HCl. By reducing the produci 
of the action of IICl upon tri-nilro-ethoxy-phenyl 
urethano.-(l).C,H(N02),(OEt)(NH.CO.Et)-fnC 
= COj + EtCl + C,n (NO..),(OEt)NH2. 

(2.) C,H(NOj),(6Et)Nn.,-f9H2 = 

C„H(NH.,),OEtH cap. 

Properties. —Crystallises from dilute alcohol 
Insoluble in absolute alcohol, very soluble ii 
water. Does not melt at 300°. lloduces solu 
tions of Au and Pt. A feebly acid solution give: 
with FCjCl, or blcaching-powdcr the followin; 
succession of colours: dark-green, violet-red, red 
dish-brown, yellowish-brown, yellow, colourless. 

AMIDO-PHENOL 8DLPHONIC ACID 


C,H,NSO, i.e. C,H.(NH. 2 )( 0 H)HS 03 . [2:1:4] 
S. 1 at 14°. Prepared by reduction of o-nitro 
phenol-sulphonic acid or by sulphonation o 
o-amido-phenol. Large colourless crystals lik( 
calc-spar. Does not form salts. 

AnUidt. 0,H,(NH,)(OH)(SO,.NHPh). [206^ 
Colourless needles; soluble in alcohol,acetic acid 
and benzene insoluble in ether. 

Benzoyl derivative C,H,(NHBz)(OH)(SO,H). 
Salts.—NaA'4iaq: colourless needles, solubli 

in water a. alcohol_ BaA; colourless spangles 

sparingly soluble.—CaA'jdJaq: sparingly solubli 
colourless scales (Post a. Holst, B. 33, 617 i A 
205, 49). 

p-Amido-phenol sulphonie acid 
0,H,(OH)(NH2)BO.H [1:4:2]. 8. 07 at 14*. 
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Por7nation,“-h From fl-unido-phenol hydro- benzene (100 g.) U heated with a aolntion of SnCl|. 
ehloride and faming KtBO, (Post, B. 6 , 897).— in, cone. HOI; the liquid is evaporated to drynesi* 
f. Fromp-nitro-phenol sulpnonio acid (Post a. the residue dissolved in water and benzidine is 
Holst, J5. 13, 817).—8. Together with azoroso- ppd. as sulphate (100 g.) while o-^-di-amido- 
ruflnby heating a mixture of resorcin and nitro- diphenyl sulphate (30 g.) remains m solution 
benzene with H.^S 04 (Brunner a. Kramer, B. 17, (Schmidt a. Schultz, J5.12, 482). 

1867).—4. Prom quinone cbloro-imide andcono. Properties. —Long needles, v. si. sol. water. 

BsjSOg (Schmitt a. Bennewitz, J.pr, [2] 8 , 7). Salts.—B"HC1: laminee.—B"2HC1: needles. 

iVoper^ies.—White glistening needles; sLsol. —prisms.—B'^gH^SO^. 
sold water, v. si. sol. alcohol, insol. ether. iPoes Bi-acctyl ^rivativg OigHigAOjNg. [ 202 °j. 
not combine with acids, but forms metallic t^lts, m-m-Bi-amidp^diphenyl 
e.g. Ba(O.CaH 5 {NH 2 )S 03 ). induces cold am- [1:3] NH.^.C„B 4 .CbH 4 .NH 2 [1:3]. From the nitro 
moniacal AgNO,. Turned violet by Pe^Clg. Not compound (Brunner a. Witt, D. 20,1028). Crys- 
ppd. by lead acetate. tals, si. sol. water.—B"H,jS 04 .—B'^HaPtClg. 

Anilide C 4 H 3 (OH)(NIlJSO,NPhH. Di-acetyl derivative. [258®]. Long 

Small colourless crystals; v. sol. alcohol, acetic needles. 

acid, and benzene; insol. ether. p-p-di-Amido-diphenyl. Benzidine. 

p-Amldo-phenol di-sulphonic acid [1:4] NHa.CJI 4 .CflH 4 .NH 3 [1:4]. Xenylene-di- 

0 ,H 3 ( 0 H)(NH 2 )(S 0 ,H)a [1:4:2:6] (?). From ben- amine. [ 122 '=']. (above .360®). 
zene-azo-phcnol tri-sulphonic acid ( 5 . v.) by Pormation. —1. By tho reduction of azo¬ 
ammonium sulphide (Wilsing, if. 215,236; Lim- benzene or of azoxybenzene in alcoholic 
pricht, B. 16,1293). White silky needles. Deli- solution by SO 2 (Zinin, if. 85, 328).—2. From 
quescent; si. sol. alcohol, insol. ether. Solution azobenzeno by SnCl^andHCl (v. sup.). —3. By 
gives with Fe 2 Glg a deep violet colour. Its heating azobenzene with fuming HCl (Zinin, 
alkaline solutions show blue fluorescence for a A. 137, 376), HBr (Werigo, A. 166, 202), or 
short time. Salts.—KHA"aq: slightly sol. cold HI (Senziuk, Z. 1870, 267) in sealed tubes.— 
water.—NH 4 HA"aq.—PbA"aq. 4. By reducing nitro-benzene with sodium-amal- 

o-AMIDO-DIPHENYL C, 2 H„N i.e. gam in presence of acetic acid, the product 
CflH 4 .C 4 H 4 .NH 2 [1:2]. [45®]. From o-nitro- beingtrcatedwithH 3 S 04 (Werigo,if. 135,176).— 

diphenyl with tin and glacial acetio acid (Hiib- 6 . From nitro-benzene, alcoholic NaOH, and 
ner a. Lilddens, if. 209, 351). zinc dust and subsequent treatment with acid 

Salts.—B'HCl: needles.—B'^H^PtClgdaq.: (Aloxejeff, 1867, 497).— 6 . From di-amido-di- 
orange leaflets. phenic acid by distilling with BaO (Schultz, A. 

p-Amido-diphenyl CflH 4 .CflH 4 .NH 2 [1:4]. 196, 29).—7. From p-amido-p-nitro-diphenyl by 
Xenylamine\ Martylamine. [49®]. (320®). Sn and HCl (Fitlig, if. 124, 276).—8. From 

Occurs in the high-boiling fractions in the pre- p-p-di-nitro-phcnyl by tin and HCl (Schultz, A. 
paration of aniline (Hofmann, Pr. 12, 389; O. 174, 227).—9. From hydrazo-benzene by treat- 
Schultz, A. 17L 212 ; Oaten, B. 7, 171). Pre- ment with mineral aci«lR: 
pared by redudrng p-nitro-diphenyl with tin and CflH 4 .NH.NH.CJi 4 =NH 2 .CflH 4 .CflH 4 .NH 2 . 

HCl (Hiibnor a. Osten, A. 209, 339). Colourless Preparation. — V. o-p-dt-AMiDo-niPHENXL. 

leaflets, sol. hot water, alcohol, and chioro- Properties. —Silvery scales; may be sublimed, 

form. Sol. hot water, v. si. sol. cold water, v. e. sol. 

Salts.—B'nCl: leaflets.—B'oH 2 rtClfl 2 a(i; alcohol and ether, 
yellow leaflets, el. sol, alcohol.-B'HNOa: pearly Salts.—B"H 2 S 04 ; small scales, v. si, sol. 

leaflets.—B'.JLS 04 : leaflets, v. si. sol. water, si. water and alcohol.—B"2HC1: lamino}, v. sol. 
sol. alcohol.—B' 2 H 2 C 204 ; long needles, sol. water water and alcohol. — B'lICl; long needles, si. 
and alcohol. sol. water; ppd. when a large exce.^s of water is 

Acetyl derivative CflHvCflH 4 .NAcH. added to the preceding salt.—B" 2 HNOs: four- 
[167®]. Long needles; v. si, sol. water. sided laminir, sol. hot water. — B' 2 H 2 C 204 : 

Benzoyl derivative CJXs.CflHj.NBzH. groups of silky needles, m. sol. water and 
[230^]. Leaflets; insol. water, V. si. sol.alcohol, alcohol.—B"C 4 HflOfl: lamin©; sol. water. 

Formyl derivative CJI 4 .CflH 4 .NH.CIIO. Pcactions.—l. Even very dilute solutions 
[172®]. Prepared by heating jp-amido-diphenyl give with potassic bichromate a deep blue pp. 
with ethyl formate at 100®. Minute needles; (Julius, M. 4, 193).—2. KJ'’eCyB gives a blue 
sol. ether, si. sol. alcohol, v. si. sol. water (Zim- pp. • 3. Chlorine-water gives a blue colour soon 
xnermann, B. 13,1967). becoming red.—4. Exhaustive chloriimtion with 

27 -Amido-diphenyl suiphonio acid SbCl. gives pcr-chloro-diplienyl and per-chloro- 

C, 2 Hfl(NH 3 )S 03 H. [above 300®]. Formed by benzene (Merz a. Weith, B16, 2874).—6. If very 
Bulphonation of p-amido-diphenyl (Carnelley a. dilute h-omine-watcr be poured solution 

Sohlevelman, C. (J. 49, 380). Insol. water. of benzidine in OS.^ the upper layer becomel 
Salts.—NaA'2aq: colourless needles, m. sol. blue, excess of bromine destroys this colour, the 
water.—BaA '2 4aq ; v. si. sol. water. lower layer then turning red (Claus a. Bisler, B* 

o-p-Di-amido-dipbenyl CijIIisN, i.e. 14,83). 

[1:2] NH 2 .OflH 4 .CflH 4 .NH 2 [1:4], Iso-henzidinc. Acetyl derivative'Si^.Cfi.^.0^^.liJLC^SL. 
(j 8 )* or {b)-Di-amido-di-phenyl. Diphenyline, [199®]. Needles, si. sol. water. • 

[45®]. (363®) (Schultz, A. 207, 348). Diacetyl derivative 

Fonmtion, —1. From o-nitro-p-amido-di* NHA 0 .CflH 4 .CflH 4 .NAcH. [317®]. Nearly insoluble 
phenyl ((^hultz, B. 9, 548; 14, 612)^—2. From in all solvents, 
dt-amido-aiphonyl oarbozyUo acid (Strasser a. Di-formyl dsrtoaiivs 
Bohultz, A. 210,193). crystalline powder, sublimable, insoluble in ail 

Prsparation.—An alcoholic eolation ol aso* ordinary solvents except nitrobenzene. Formed 
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hi heftting by^braicobffiMM <» benzidine «iilf 
lonnieedd. 

Di-bemoyl derivative 0,jH,(NHBz)j: 
eolonzless needles or pearl; plates; insol. 
•leohol, ether, and aniline; sol, nitrobenzene. 
Formed b; heating hydrazobenzene or benzidine 
Hrith BzCl (Stem, B . 17 , 379 ). 

Di-phthalyl derivative O^jH^NjO, 
(above 300^]: silky yellow needles, sol. hot 
nitro-benzene j insol. »iost other solvents. 
Formed by heating benzidine A' liyilrazobonzcno 
with phtlmlic anhydride (B iiillrowski, B. 
17, 1181). 

Oxalyl derivative (C,|II,.NH).C202. An 
insoluble powder, obtained by heating benzidine 
oxalate at 200'’. 

Beniidine-v-sulphonic acid 
E2N.C„H,.C.H,.NH.S0„H. Formed by heating 
an alcoholic solution of azobenzenc with hydrio 
ammoninm sulphite (Spiegel, B. 18,1481). 

Gelatinous pp. It gives colourless crystalline 
aalts. 

The nSOj is readily split off with production 
of benzidine by dissolving the acid in strong 
H,SO,. 

Benzidine snlphonic acid (?) 
CjII,(NH.,).C,ir,(Nn.,)(.SO.II) (?). ni/draco-hcn. 
tene svli>hmic acid C.H,,.NH.NII.CsH,..SO:,IT (?). 
Ppd. by adding HCl to the product of the action 
of H.S on an amnioniacal solution of azo-benzene 
Eulphonic acid (Griess, A . 154, 213).-Yellow 
needles or plates (from water).—BaA',: plates. 
The bee acid is decomposed by solution in 
aqneous NH, into benzidine and H,SO,. The 
above azobenzene snlphonic acid is converted 
by potash-fusion into p-oiy-azobenzene, and 
would therefore appear to be a p-siilphonic acid j 
in which case it is not clear how the conversion 
into a benzidine derivative could be eltectcd. If, 
however, the acid is hydrazo-benzene snlphonic 
acid, we must assume that the benzidine trans¬ 
formation here takes place in alkaline solution, 
by displacement of SOjH. In any case the 
removal of SO,n by ammonia is peculiar. 

Benzidine snlphonic acid 
C|jH,,N.;(SOjII) 2',aq. Obtained by heating (o). 
tenzidine disulphonic acid with water at 210'’ 
(Limpricht, B, 11, 1048). Yellow needles (from 
alcohol); v. sol. water.—KA'4aq.—BaA'j4aq.— 
FhA'jSaq. 

' Chloride C,jIT„N,(SO.,Cl) [above 210'’]. 

Benzidine disulphonic acid 
[4;S;l]CJI,(NHj)(S0,H).CA(.S03lI)(NH,) [1:3:4] 
B. ‘08 at 22’. From azo-, or azoxy-, benzene 
disulphonic acid by reduction with SnCL, sodium- 
amalgam, or NaOH and zinc dust, followed by 
treatment with a mineral acid (Miihrenholtz a. 
Gilbert, ^ 3 ?*, 337; Brunnemann, A. 202, 344; 
"iiimpricm, B. 14, 1350). Iffonoclinic prisms 
(with 3aq). Dilute IICl at 230’ gives benzidine 
and H.,SO,. Nitrous acid diazotises this acid.— 
•Na,,A"3Jaq.—KjA"llaq.-CaA"4aq.-BaA"4aq. 
—PbA"4aq. 

Bdbzidine di-snlphonie acid 
<!|jH,(NH.) (SOjH)^. From benzidine andfuming 
HjSO, at 170’. Small white plates; v. si. sol. 
water, insol. alcohol and ether (Griess, B, 14, 
300). eSalts. — BaA"6aq: white plates.— 
BaA"2aq: needles.—‘AgjA": white orystalline 
W* 


0 ,^i,N](SO,H)|. Hydrato-hetuene di.»mpnom 
acid (?). Prepared by reducing potassium azo 
benzene (a)-di-eulphonate with SnCl, (Limpricht 
B. 14, 1367). Tables (containing 2aq); si. sol 
cold water, v. si. sol. alcohol. - K^"3aq.— 
BaA"aq.—’’Ag.^": white pp.—PbA": nee^es 
si. sol. cold, v. sol. hot, water. 

Benzidine tetrasulphonic acid 
C| 2 H,Nj(SOjH),. Prepared by sulphonation ol 
the Preceding with fuming II-SO, —J!ajA""14aq; 
large prisms, v. sol. hot water, si. sol. alcohol.- 
«K,A"" (Limpricht, B. 14, 1.513). 

Other snlphonic acids of benzidine 
Benzidine heated with a large excess of faming 
H.;SO, above 170’ forms a mixture of di-, tri-, 
and tetra-, sulphnnic acids, and di-amido-di- 
phcnylenc sulirhono sulphonic acids (Griess, B. 
18, Kef. 88 ). 

Benzidine di-carboxylic acid v . di-Aumo-Dt- 
riiENic Aotn. 

Benzidine tetra-carboxylic anhydride 

0<™>CA(NIL).C.IL(NHJ <“>0. 

[above 300®]. Fonned by the action of an HCl 
solution of SnChon azo-ben^ono tctra-carboxylio 
acid (azO'pbthalic acid). Light-yellow tasteless 
powder. Insol.watcr, alcohol, ctlier.or dilute acids. 

With alkalis it gives anhydride salts:— 

C,JIsN.,.(Co 0 <)(C 02 K)a 6 aq: large prisms. 

C,MfI„N„(C.O,){CO.^Na).^aq: small iieodlos. 

C, 2 H,N.(C 20 y)(COjAg)a: fine powder. 

0 „H 9 N.,( 0 , 03 )(CO..),j*b : amorphous powder. 

C, 2 H 9 N;(C; 03 )(C 0 .]NH,)(C 0 Jl): transparent 
prisms (Claus a. Hemmann, B. 10,1750). 

Di-amido-diphenyl Iso-henzidine, 

[125®]. Occurs among the products obtained by 
passing auiliuc through a rcd-liot tube (Beruth- 
sen, B. 19, 420). White iridesceA; plates, si. sol. 
water. Its aqueous solution gi ves no colouration 
with pofassic ferricyanidet and a greyish-brown 
pp. with chlorine water. The solid base is 
turned greenish-black by strong UNO,. The 
sulphate is sparingly soluble. 

Tetra-amido-diphenyl 

[3:4:1] (NH 2 )- 2 C,H..,.Cjr,(NH 2)2 [1:3:4]. Obtained 
by reducing (U-nitro-p- 2 J-di-amido-diphcnyl 
(Brunner a. Witt, B. 20,1025). Silvery plates. 

a-AMIDO.PHENYL-ACETIC ACID C^H^NO,. 
t.e. CgHs.CH(NH 2 ).C 03 n. Bhenyl-amido-acetio 
acid. [250®], Formed by heating o bromo- 
phenyl-acetic acid with NHjAq (S.G. *9) at 100® 
(Stiiokonius, B. 11, 2002); or by saponifying its 
nitrile, obtained by tlio action of alcoliolio NH, 
on the cyanhydrin of benzoic aldehyde (Ticmann 
a. Friedliinder, B. 14, 1907). White leaflets or 
prisms; may be sublimed. Bl. sol. cold water, 
in. sol. hot water. It forms unstable salts with 
bases, but more stable salts with acids, though 
these are decomposed by water. Distilled with 
lime, it givef benzyJami no (Ticmann, B. 13,883). 

Salts.—BTICl: trimctric prisms.—B'HNO*. 
—BTI^OaO^.—AgA': prisms, v. si. sol. 
water. • BaA' 2 : small white plates; v. sol. hot 
water.—MgAVJaq ' plates, si. sol. water. 

Amide. The hydrochloride forms thick 
prisms, si. sol. alcohol. 

NitrUe CA.CH(NH 2 ).CN. ^llow oU 
(v. sup.). 

m-Sulphonic acid 

0A{SO,H),CH(NHa).CO2H. Minute needles j iL 
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18,1182), 

0 - Asiido-phenyl-aeetie aoid. When o-nitro- 
phen^hacetio acid is reduced the ])roduct is not 
o-amidO'phenyl-acetio acid but its anhydride, 
oxindol ($. t>.) (Booyer, B. 11,583). 

9n<Amido plienyl>acetic acid 
CbH,{NH.,).CH 2.C0,H [] :3]. [148'’]. Formed 

by reducing w-nitro-phcnyl-acetic add (Gabjiel 
4. Bcrgmann, B. 16, 2065). t 

Nitrile CrtH,(NH.j).CH 2 .CN. m- Amido- 
hmstyl cyanide. A liquid obtained by reducing 
m-nitro • phonyl • acetonitrile (Salkowski, B. 
17. 606). 

p-Amido-phenyl.acetio acid 
Cj,H,{NH,).CII,.CO,Jl [1:4]. [200®]. From jp- 
nitro - plienyl - acetic acid (Eadziszewski, B. 
2, 209; Ecdson, C. J. 37,92). White needles 
(from water); v. si. sol. cold water. 

Nitrile C,n,(NH,).CH,.CN. p - Amido - 
hmzylcyanide. [10®]. (312°). V.D.4'78(for4*5C). 
Formation. —1. From p-nitro-benzyl cyanide 
(Szumpelik, J5. 3, 474 ; Gabriel, B. 15, 831).— 
2. As one of the products of the reduction of o- 
p-di-nitro-cinnamic ether (q. v.) by tin and IICl 
(Friedlander a. Mahly, yJ. 220, 220). The yield 
is 15 p.c. of the substance u.s(!d. Properties .— 
Satiny plates (from water). Sol. acids. Gives 
a di-bronio-d('rivative. HCl at 130® converts 
it into amido-phenyl-acetic acid. Salts.— 
B'.H^^PtCI,..—Acetyl derivative 
NHAo.CJIj.CTL.CN. [97®j. Slender needles; 
▼. sol. alcohol and ether. Bi-aoetyl deri¬ 
vative NAc,.C,n,.CTI,CN. [153®]. Glistening 
needles. Sol. boiling water, benzene, and CS;.; 
bI. sol. alcohol. 

* Bi-amido-phenyl-acetic acid 
C„H,(NII,),.Cn,CO,TI [4:3:1]. Formed by re¬ 
ducing (3, 4, l)*nilro-ainido-phcnyl-acetic acid 
(Gabriel, B. 15, 1006). Short Hat crystals (with 
aq). SI. sol. hot alcohol, inaol. ether, CS^, chloro¬ 
form, and benzene. Sol. acids and alkalis. 

a-m-Bi-amido-phenyl-acetic acid 
[1;3]C„H,{NH,).OH(NH,).CO,H. [214®]. Formed 
by reducing w-nitro-phenyl-a-amido-acelic acid 
with tin and HOI (Plochl a. Loe, B. 18, 1181). 
Flat silvery needles. 

Salt.—’‘CuA^r bluish-green crystalline pp. 

o-AMIDO-PHENYL-ACETYLENE CJI.N i.e. 
C,n,{NH,).CiCH. Yellowish oil. Prepared by 
reduction of o-nitro-phenyl-acetylene with zinc- 
dust and bJlI.,. It forms yellow pps. with am- 
moniacal AgNO, and Cu^CL. 

B'HCl: soluble yellow crystals. 

Bcaction. —Converted by IHSO, (12pts.) and 
H^O (4 pts.) into o-amido-acetophenono (Baoyer 
a. Bloem, B. 17, 964). 

Acetyl derivative. [75®]. Colourless 
needles (Baoyer a. Landsberg, B. 15, ()P). 

Bi-o-amido-di-phenyl-dlacetylene 
0,HdNH,).C!C.C:C.O,H,{NIL). [128®]. Pre¬ 

pared by the action of a solution of potassium 
ferricyanide on the cuprous compound of o-amido- 
phenyl-acetylcno. Long yellowish needles. Sol. 
alcohol, ether and acids, insol. water. 

• colourless soluble crystals.* 

Bi'acetyl derivative. [231°]. Long 
tteedlee (Baeyer a. liandsberg, B. 15, CO). 


(a,a).ianii!0.(i)-pHim 

0„H,.N,L. ]>C.H,(NHJ. 

-Formed by heating phenyl-p-phcnylene-diamina 
C„H,{NH.J.NHC„H 4 with benzoic acid and ZnCl, 
(Hess a. Bernthsen, B. 18, 602). Amorphous 
solid. Easily soluble in ordinary solvents. The 
solutions of the base are yellow, the benzene 
and ethereal solution j|^aving a splendid green 
fluorescence. Il^ycs silk a brownish yellow* 
The solutions^jf its salts are rod, 

Bi-amido-phenyl-acridine v. CnnYSANiLms. 
AMIDO-PHENYL-ALANIIfE v. Di-amido- 

PUENYL-PROriONIC ACIl). 

AMIDO - PHENYL - AMIDO- v. Di-amido* 

PUENYL- 01 PhENYL-IU-AMIDO-. 

AMIDO-DI-PHENYL-AMINE CjjH.jN* i.$, 
NH,.C,H,.NH.CJ45. [Cl®]. Prepared by the 
reduction of nitro-di-phenyl-amine or of pbenyl- 
amido-benzeno-azo-benzene, or its sulidionic acid 
{Tropoiolin 0 0.) (Nietzki a. Witt, B. 12,1390). 
Thin laminffi. Gives quinono on oxidation. 
Salt. :silvery lamime,si.sol.water. 

Acetyl derivative C,.Jf,,AcN 2 . [168°]. 
2 >-p-Di-amido-di-phenyl-amine 
NH,.C,H,.NH.C«H,.NH,. [158®]. Formed by 
reduction of aniline black. Prepared by re- 
ducii»g (a)-di-nitro-di-phenyl-amino (N. a. W.). 
Acetyl derivative. [230®]. 
Di-amido-di-phenyl-amine. Prepaied by re¬ 
ducing (/?)-di-nilro-di-phenyl-amine. Jjiqnid. 
SaltsB"H,C],; si. sol. water. -- B'li,PtCI.. 
Acetyl derivative. [203®]. 

Tri - amido • tri - phenyl - amino (C„H,.Niy jN. 
[230°]. Formed by the reduction of tri-nitro- 
tri-phenyl-amino by SnCl^ (Hcydrick, B. 18, 
2157; 19, 759.) 

Salts.—B'"3HC1: needles. Its solution 
exhibits the following colour reactions: blue, 
turning violet with Fe.;Cl„; blulsh-grocn with ppd, 
MnO,,; blue with KX'roO,; red with chloranil 
in acetic acid (but if in this case the free base is 
used the colour is bluish-green). —lY'^SH^tCl^ 
-B'"(0,H,(N0,),0H)3. 

Tri-acetyl derivative N(C„H,.NnAo),: 
needles which do not melt below 240®. 

AMIDO-PHENYL-BENZGLYCOCYAMINE v. 
AsnnO-DI-PHKXYTj (JUANIDINK CAItno.VVI.IC ACID. 
^.AMIDO-PHENYL-wo-BUTANE 0,„H„N t.e. 

Butyl •phcnrjlaminc. Amido- 
butyUbemcne. (230°). S.G. ^ *037. From aniline 
hydrochloride (10 g.) and iso-butyl alcohol (8 g.) 
by heating for 6 hours at 2)10 ’ (A. Sluder, A. 
211, 237 ; B, 14,1472, 2186; Paid, B. 17, 1232). 
Colourless oil; v. si. sol. water, volatile with 
steam. Miscible with alcohol or ctlicr. Nitrous 
acid converts it into btilvl-phenol. 

Salt8.-B'nCI.—B'ilBr. -B'llT..-^ 
Acetyl derivlttivc [170®]: lamin®. 
Formyl derivative 0,^11,a.NH.CHO 

[69®]: lamina) (Gasiorowski a. Mcrz,yi.l8,1009). 
AMIDO - PHENYL - BDTINENE C,oH„N 
(:{) (1) >CII 

probably C,H^(NH..).CI4CU< || . 

\cn 

(272® at 718 mm.). V.T). = 4-95 (for 602), 

Formed by reduction of w nitro-a-methyl-cin- 
namic aldehyde in alcoholic solution with tin 
and nCl. Colourless glistcningplates. Sublimes 
at 100®. Eeduces ammoniacal AgNO,. The 





AMfibo^pjpirni-sirt^^ 


hydioohlorlde, sulphate and nitrate are easil; 
soloble in water. The hydrocdiloride forms 
ooloorless glistening plates. B'iH,0LPt01.2aq: 
slender needles. 

Acetyl derivative 0„H,jNAo [140“]! 
ooloorless ooncentrio prisms. 

Beneylidene derivative C|„H,N:CHPh 
[73“] : concentric light-yellow needles. Formed 
by heating the base with benzaldehyde (Miller 
a. Kinkelin, B. 19, 1249L 

o-AKIDO-PHEWYI-CARlUKIC ETHER 
CjEuNjOj i.e. lIjN.CjHcNH.OOjEt. o-Amido- 
phenyl-ureOtanc, [8ti“]. Formed by reducing 
o-nitro-phenyl-carbamie ether (Rudolph, B. 12, 
1295). tong colourless needles; sol. water. 

Salt.—B'HCl: large tables, 
p-Amide-phenyl-carbamie ether. Amido- 
earbanilic acid. [74“]. Formed by reducing 
p-nitro-phenyl-carbamio ether (Hager, B. 17, 
2026; Behrend, A. 233, 10). Needles (from 
dilute alcohol); insol. water. 

Salts.—B'HCl; long needles.—B'H-SO,.— 
B'H.;CjO(: needles, sol. hot water, si. sol. cold 
water.—B'^HjPtCl,: brown pp.-(B'HCB.SnCl,. 
B'jSnCIj aq.—(B'HCl) ,HgClj. 

Bemoyl derivative C,U,(Niniz).NH.COjEt, 
[230“J : needles; si. sol. alcohol, insol. water. 

Di-p-amido-di-phonyl-carbamic ether 
(CjHj.NHJjN.COjEt. Di-p-amido-di-phenyl- 
amine urethane. [101“]. Formed by reduction 
of di-p-nitro-di-phenyl-carbamic-ether. Violet 
needles (-f aq). Soluble in water. 

Di-benzoyl derivative 
(CsH,.NHBz)jN.CO.,Et [235°]: nearly colourless 
amorphous solid (Hager, B. 18, 2576). 

DI-AMIDO-BI-PHENYt-CARBlNOt 
0,.H„N.,0 i.e. C.H,(NH.,).CH(OH).C„H,NH,. 
($).Di.amido-bmzhydrol. (128“-129“]. From 
(/3)-di-amido-benzophenone [149“] and sodium 
amalgam (W. Staedcl, A. 218, 350). Glittering 
plates. Salt s.—B''2HC12aq.—B''HjS 04 2aq. 

Acetyl-derivative. [220°]. 

Di-amido-tri-phenyl-earbinol CuHuNjO i.c. 
OJH,C(OH)(C,H,NH.,), [below 100°J. 

Formaikm. — By the action of aniline 
in presence of H^SO, upon the chloride 
C,H4.CCl.C.H,.Nn. 


Tri-amide-trl-pheBpli^arbinoli «, BoAunuin. 
W - AlODO. TEI. PHElfTt - CABBUTOIi 
CAHBOXYUO AHHTDBKDE Oi,H,,NA U. 
(0,H4NH2),aO,H,.CO.O. [286“-266^. Small 

colourless needles. Is prepared by heating 
phenolphthalein with aqueous NE,. Gives a 
tetra-bromo-derivative [280°], and a tetra-acetyl- 
tetra-bramo-derivatwe [241“] (Baeyer a. Burk, 
hardt, B. 11, 1297). 

lAMIDO-DIPHENYt CAEBOXyilC ACID iv 

AMIDO-DIPiraNIO ACID. 

DX - AMIDO - DI - PHENYtENE KETONS 
OXIDE (so called) 0„H,.N.A i.e. C„A(NH. 4 ),Or 
Lactoneofoxy-di-amido-dipltenylcarboxylic acid. 
From the nitro compound by Sn and HCl (A. O. 
Perkin, 0. J. 43, 190). Orange needles (from 
xylene). Very slightly soluble in boiling water. 
Ruby prisms (from dilute alcohol). 

Salts. — Forms two hydrochlorides. — 
(B''HCl).,PtCl4.—B''(2HCl)PtCl,. 

AMIDO-PHENYLENE OXIDE C,HsNO i.e. 
C,A(NHj)0 (?). Di-amido-di-phenylene di¬ 
oxide. From nitro-phenylene oxide by alcoholio 
ammonium sulphide (Marker, A. 121, 251). Yel¬ 
low needles, si. sol. water, v. sol. hot alcohol.— 
B'APtCl„. 

DI-AMIDO-DIPHENYLENE-aDINOXAIINE 
.N.C.0,H4 


0,H«(NH,),. 




Formed by the action 


Preparation .—From aniline hydrochloride 
(40 pts.), nitrobenzene (45 pts.), bcnzo-triehloride 
(40 pts.), and Fe at 180°. CAjCCl, + 20,11.1^11, = 
C.H 5 CCI(C,n 4 NH,).,-t 21101. The mass is ex¬ 
tracted with dilute HCl (which leaves some 
blue colouring matters undissolved) and the 
nitro-benzene is distilled off by steam (Doebner, 
B. 15,234; A. 217, 242). 

Properties. — Small crystals (from dilute 
alcohol). Insol. in cold water; v. sol. alcohol 
or benzenji On heating with Mel it gives 
malach'ite green. * 

Salts.—Dilute acids dissolveit in the cold, 
forming nearly colourless solutions which on boil¬ 
ing (split off water and) change to deep reddish- 
violet. The salts dye violet, but the shades are 
noMast. The coloured salts are probably of the 

formO,H.C<Q“|<^^_ This salt forms dark 
I _/'Cl 

blue leedlcs with coppery lustre. 

Beaction .—Zino dust and HGl reduce it to 
di*anudo«tri>pbenyl*methaDe (j. v.). 


\N.c.Cen^ 

of phenanthraquinone upon tetra-amido-benzene 
[1:2:4:5]. Orange-yellow needles. Nearly insoU 
acetic acid. Weak base. Dissolves in cone. 
H 0 SO 4 with a greenish-blue colour, passing 
through violet into red on dilution (Nietzki a. 
Hagcnbach, D. 20, 338). 

AMIDO-PHENYLENE-TJREA m, 

OC<^^>C,H,(NH.J [1:2:4].'Formed by re¬ 
ducing di-nitro-phcnyl-urethano with tin and 
nCl (Hager, B. 17, 2631). 

Salts. — B''H 2 SnCl 4 : long needles. — 
B"C,H.(N 02 ), 0 H : greenish-yellow needles. 

0 -AMIDO-PHENYL-ETHANE C,H„N i.e. 
C,H,(NHj).Cn. 4 .CH, [1:21. o-Ethyl-phenyl- 
amine. o - Amido - ethyl - benzene. (211°). 
S.G. -983. From o-nitro-phenyl-ethane, tin, 
and IICI (Bcilstein a. Kuhiberg, A. 166, 206). 
Liquid at-10°. Salt.-B'HNO,. 

Acetyl derivative C,U,„AcN. [112°]. 
(305°). 

Benzoyl derivative C,H|,BzN. [147“]: 
small glittering plates (Paucksch, B. 17, 2800). 

o-Amido-phenyl-ethane snlphonic acid 
C,H,Et(NH 2 ).SO,H. Formed by sulphonation of 
the acetyl derivative. White needles (P.). 

p-Amido-phenyl-ethane C„H,(NH.j).CHi.CH, 
[1:4]. p-Ethyl-phenyl-amine. ‘ Phenethylamiiie.’ 
[-5°]. (214°). S.G. M -975. From p-nitro- 
phenyl-ethane by reduction (B. a. K.) or from 
aniline by heating with ethyl alcohol and 
ZnClj (Benz, B. 15, 1047). Formed also when 
ethyl-aniline hydrochloride is heated at 300° 
(Hofmann, B. 7, 626). Colourless oil; volatile 
with steam. Salts.—’‘B'HNO,: small needles 
or prisms, si. sol. cold, v. sol. hot, water.— 
B',HjSO.: large white plates, si. sol. cold water, 
m. sol. cfilute I1.SO,.—B'HCl.—B',BI(PtCl,. 

Acetyl derivative OA<(^HAc).0,H.. 
[96°]. (816“). 



AMIDO-PHEim^liiltlCAPTAK. 


, '-Btniioyl dtrivativt OACSSBz)OM^ 
PIU®]: long needleg (P.). 

vAmido-pbenyl-aUiana 0 ,H,.C]^CH 2 .NH,. 
[ 198 ®]. Phmylethyl-amine. 

Formation.—!. By dry distillation of a-amido- 
phenyl-propionio acid (a. v.) (Sohulze a. Barbieri, 
J. pr, [2] 27, 346; Erlenmoyer a. Lipp, A. 219, 
202).—2. By action of zino and HCl upon the 
oyanhydrin of benzoic aldehyde, or upon 
' amygdalin (Filcti, B. 12, 297, 1700).—3. My 
action of bromine on an alkaline solution of 
phenyl-propionamide (Hofmann, B. 18 2740). 

Preparation. — By reducing an alcoholic 
' solution of benzyl cyanide with zinc and HCl 
(Bernthsen, A. 184, 290), di-phcnylothyl-amine 
(C,H,.CHj.CH.,),,NH, and tri-phenyiethyl-amine 
(C,HjCH,CHj),N, being also formed (Spica, 0. 
1875,124; 1879,566). 

Properties. —^Liquid; el. sol. water. Absorbs 
CO., from the air, being converted into a solid 
carbonate [105°], out of which, on heating, 
another carbonate, [88°], snblimes. Oxidised to 
benzoic acid by chromic mixture. 

Salt s.—B'HCI, [217°]: trimetric tablets (from 
cold alcohol) or satinyplates (from alcohol-ether): 
V. sol. alcohol or water, insol. ether.—B'jHjPtCl,; 
more soluble in hot water than in hot alcohol. 

Bi-amido-di-phenyl-ethane v. Di-AMwo-ni- 
BESZYn. 

u-AMIDO-TRI-PHENTL-ETHANE C,oH„N 
»,e. CPha-OHj-NH,. [116°]. From tri-phenyl-aceto¬ 
nitrile by reduction with zinc and HCl. Crystals; 

V. sol. ether, si. sol. sold alcohol. The hydro¬ 
chloride forms needles, [247°], v. si. sol. water, 

V. sol. alcohol (Elbs, B. 17, 700). 

AMIDO-PHENYI-ETHYLENE o. Amno- 

STYKISNE. 

Di-p-amido-di-yhenyl-ethylene OnH^N, is. 
C,H,(C,H,.NH,) 2 . Di-amido-stilbene. [227°]. 

Formation. —1. By reduction of di-ji-nitro- 
di-phenyl-ethyleno with tin and HCl.—2. By 
reduction with SnCl., of the brownish-red pro¬ 
duct of condensation (azoxy-di-phenyl-ethylene?) 
obtained by the action of sodium methylate or 
alcoholic NaOH upon jp-nitro-toluene. 

Reactions. —By nitrous acid it is converted 
into a tctrazo-compound which by combination 
with the sulphonic acids of amines and phenols 
yields a scries of colouring-matters which dye 
cotton from a soap bath. Thus (a)-naphthol- 
sulphonio acid gives a blnish-violet,(8)-naphthol- 
(B)-di-sulphonio acid a blue,(a)-naphthylaminc- 
Bulphonic acid a red, and salicylic acid a 
yellow, colouring-matter. 

Di-acetyl derivative Cja[,(C,H,.NHAo)2: 
[312°] (Bender a. Schultz, B. 19, 3234). 

Bi-p-amido-di-phenyl-ethylene - di-carboxylio 
C.H,(NH2).C.C0 

anhydride || >0. [280°]. Formed 

C2H,(NH2).C.C0 , 

by reduction of the nitro compound (Reimer, 

B. 14,1802). Small plates. Insol. most solvents. 

Si-j)-amido-di-phenyl-etbylene - di- sulphonic 
acid C2H2(C2H,(NH2)S0,H)2. Di-amido-stilbenc- 
di-sulphonic-acid. Obtained by reduction with 
zino-dust of the brown product (azoxy- or azo- 
di-phenyl-ethjilene-di-sulphonio acid?) which is 
loriue4 by boiling p-nitro-toluene-o-sulphonio 
acid 0,H,Me(NH2)SO,H [1:4:2;] with aqueous 
NaOH: Miorosoopic ne^les. Nearly insol. 

. Vofc L , 


i water. Itf salts are easily sohihle. By nitrons 
aoid it is converted into a tetrazo-compound 
which by combination with amines or phenols 
gives colouring-matters which have the property 
of dyeing cotton from a soap bath (Bender a. 
Schultz, B. 19, 3234). 

o-AHIBO-PHENTL-OLYOXTLIC AdO o. 

IsATio Aorn. 

m-Amido-phenyl-glyexyllo aoid C,H,NO, ».o 
C„H,(NH2)C0.C0.2H [1:3]. Colourless prisms or 
needles. [270°-28()° with decomposition]. Pre- 
I pared by reduction of m-nitro-phenyl-glyoxylio 
acid with alkaline FeSO,. 

Salta.—A'Ag: sparingly soluble crystalline 
powder.—C,H,NO,.HCl: soluble flat prisms 
(Claisen a. Thompson, B. 12, 1946). 

p . AMIDO - s - DI - PHENYL - ODANIDIHE 
m-CASBOXYLIC ACID C„H„N,02 i.e. 
[1:4]NH2.C2H2.NH.C(NH).NH.C2H,.C02H. 
Amido-pluinyl-beneglycocyamine. Prepared by 
heating cyano-carbimido-amido-benzoio acid 
(n. p. 157) with p-phenylene-diamine (Griess, JS. 
16,338). Small prisms. Salt.—B"!!,®!,- 
p-amido-x-di-phenyl - guanidine o-carbozylio 

acid. Anhydride n,N.C,H..NH.C:^^^*J^*> 

I Amulo-phenyl-bensglycocyamidine. Formed by 
boiling di-cyano-amido-benzoyl (v. p. 156) with 
an aqueous solution of p-phcnylene-diamine 
(Griess, B. 18, 2421). Very small white needles; 

V. sol. hot water, m. sol. alcohol. 

AMIDO-PHEHYL-HYDEOXIDE v. Amido- 

PUENOL. 

m-AUIDO-FHENYI-HYDRAZINEC,H.N,ie. 

C 2 H,(NH 2 ).NU.NH 2 Formed by saponifleation 
of the oxamio aoid CjH,(NH.C 202 . 0 H).NH.NH, 
which is obtained by reduction of m-diazo- 
phenyl-oiamio aoid C,H,(NH.C 202 . 0 H).N 2 C 1 
with SnCl, (Griess, B. 18, 964). V. sol. alco¬ 
hol and ether, si. sol. water. Very oxidisable. 

Amido-phenyl-hydrazine sulpbcnic aeid 
C.H,(NH2)(N2H,)(S02H) [3:1:6]. Formed by 
reduction of nitro-plienyl-hydrazino sulphonic 
acid with NHjHS or SnClj (Limpricht, B. 18, 
2194). Very soluble in water. Salts:—ATI,HCl 
easily soluble fine white needles.—A'HHjSO,: 
microscopic needles.- “A'H.HNO,: prisms. 
AMIDO-DI-PHENYL-KETONE v. Amido- 

BENZOniENONE. 

o-AMIDO-PHENYL-MERCAPrAN 
CjHjNS is. OjH,(Nn..)(SH). Amido-phenyV 
sulphydrate. [26°]. (234°). 

Formation.—!. By fusing bcnzcnyl-amido- 
phenyl-rnercaptan (g. v.) with potash (Hofmann, 

B. 12, 2363).—2. Anhydro-oxalyl-amido-phenyl- 
mercaptan (easily prepared from acetanilide and 
sulphur) is fused with potash (3 pts.). «glh f y ield 
is nearly theoretical (Hofmann, B. 137T230).' 
Colourless needles, very easily oxidised. It 
forms products of condensation with acids, 
aldehydes, and nitriles; thus acetic acid, acetyl 
chloride, acetonitrile, and aldehyde each pro¬ 
duce ethcnyl-amido-phenyl mercaptan (q. 8.) 

c.h,<s>c.ch.. 

p-Amido-diphenyl-mercaptan 
[1:4] H 2 N.C.H,.C.H 2 .SH [1:4]. Prepared b^re- 
ducing p-nitro-diphenyl sulphochloride with tin 
and HCl (Gabriel a. Damberger, B. 13,1410). 
Salt.—B'HCI; small glittering prisma. 

N 
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AMlSO-fStNYL-XXIBAirS «. T(»pil>licii 

m-Amldo-^-phenyl-methaBe 0„H„N i 

[46°]. Formed by redocing j 
imitro-di-phonyl-methane (Beokcr, J5.16,2092). 

Acetyl derivative. [91°]: pearly plates. 

jp-Amido.^-pbenyl-inethane. [35°]. Formed 

reduoing p-nitro-di-phenyl methane with tin 
and HCl (Easier, S. 16,2718). The sulphate is 
«1. sol. cold water. 

di-amido-di-phenyl-methane C|,H„(NHj) 2 . 
[85 ]. Formed by reducing (o)-di-nitro-di-phenyl- 
methane (Doer, B. 6, 795). Pearly plates; si. 
sol. water (Practorius, A. 194, 348). The 
sulphate is v. si. sol. water. 

Tetra-amido-di-phenyl-methane C|jH,(NH,),. 
[161°]. By reduction of the nitro compound 
[172°] (Staedel, A. 218, 341). 'White needles 
(from benzene). M. sol. water, si. sol. benzene. 

Acetyl derivative 0„n,(NHAc),. Crys¬ 
talline powder. V. si. sol. water; m. sol. alcohol. 

Amido-tri-phenyl-methane C„H„N i e. 
CHPh,.C.H,.NH;. [84°]. Prepared by heating 
aniline hydrochloride with di-phenyl-carbinol 
and ZnClj at 180° (Fischer a. Eoscr, B. 13, 074; 
A. 206, 155). Prisms or plates. Is a weak 
base. The benzene compound (0„H„NC^H,) 
forms long colourless needles. Salts.—B'HCl: 
needles, si. sol. water.—B'H.Pt01,. 

Di-amido-tri-phenyl-methane 0„H„N2 t.e, 
C.H,.CH(C,H,NH,)r [139°]. 

Fornmtion. —1. From benzylidcne chloride, 
aniline, and zinc dust (B6ttinger, B. 12, 970).— 
2. From di-amido-tri-phenyl-carbinol by re¬ 
ducing with zinc dust (Doebner, A. 217, 240; B. 
15, 236).-3. By heating aniline hydrochloride 
with benzoic aldehyde and fuming HCl (Maz- 
zara, G. 14, 510). 

Preparation.—A mixture of benzaldehyde 
(10 pts.). aniline sulphate (28 pts.), ZnCl.; (20 
pts.) and a little water, is heated on a water 
bath for several hours, the fused mass is boiled 
with dilute H,SO„ dUuted, filtered, and the 
base precipitated with NHj; yield 80 p.c. of the 
theoretical (Fischer, B. 15, 676). 

Properties.— Colourless crystals (from ether) 
[189°]. Prisms containing benzene of cryslal- 
risation (from benzene) [100°]; at 120° the 
benzene goes oil. V. si. sol. water, sol. alcohol 
or ether. . 

Additimial References.—C.Bailvazet. B. 11, 
276, 840; 13,958; 0. Fischer, A. 206,147,163; 
B. 13, 085. „ „ „ . 

Tri-amido-tri-phenyl-methane i.s. 

OH(C,H,.NH, [1: 4 ]),. Para-Uncaniline. [148°]. 

Formation.—1. By reducing tri-nitro-tri- 
phenyl-methane with zinc dust and glacial 
acetic acid (0. a. E. Fischer, A. 194, 272). 2. 
B^iPSt'-acing para-rosaniline (Hofmann, Pr. 12, 
9).—3. By reduoing nitro-di-amido-tri-phenyl- 
methane, prepared from aniline hydrochloride, 
p-nitro-benzoio aldehyde and ZnCL, (Fischer a. 
Greift, B. 13, 670; Fischer, B. 16, 678). 

Properties.- Colourless plates. Bcadily con- 
Wted by oxidation into para-KossNiLiME (c.v.). 

Salts.-B"'H,Cl,aq; short prisms, si. sol. 
alcohol, ether, and HClAq.—The sulphate 
forms needles, v. sol. water, si. sol. alcohol, 
insol. ether.—The oxalate forms prisms, v. 
sol. water.—The platinoohlorido forms 
sparingly soluble short needles. 

Tri-atetyl derivative [177°]. Thm 


taUes; when oxidised by ^0r,0, and aliiotto 
acid it gives teira acetyl-para-rosaniline. . 

Tri-bemoyl derivative [149°]. Colour- 
less needles; sol. alcohol, v. si. sol. water,ether, 
and benzene (Benouf, B. 16, 1301). 

m-p-B-Trl-amido-tri-phenyl-mothans 
[1:3] H,N.O.H,.CH(C.H,-NH.,[l:4]),. Pseudo, 

leucanilim. [150°]. Obtained by reduoing m- 
nilro-di-p-amido-tri-phcnyl-methano (Fischer, B. 
13, 073). Colourless crystals; sol. alcohol, si. 
sol. ether or benzoline. Crystallises with benzene 
in white needles of 0|,H|,N,C„H, [145°]. Gives, 
on oxidation, a violet colouring-matter. 

S al t s.-B/'OHjPtCl,: yeUow erystaUine pp., 

V. sol. water, m. sol. alcohol. 

o-p-n-tri-amido-tri-phenyl-methane 
[1:2] H,N.C.H,.CH(C„H,NH,[1:4]).,. [165°]. 

Formed by reduction of the o-nitro-di-p-amido- 
tri-phenyl-methane obtained by heating o-nitro- 
benzoic aldehyde with aniline sulphate and 
ZnCl,. Small crystals. On oxidation it gives a 
brown colouring matter. 

Salts.—B"'HjCl,: colourless easily soluble 
needles. The sulphate forma small quad¬ 
ratic tables, V, sol, water, si. sol. alcohol. The 
oxalate forms small soluble needles (Benouf, 

B. 16, 130-1). 

AMIDO-PHENYL METHYL KETONE «, 

Amido-acetopiienonk, 

p-AMIDO-DI-PHENYL-METHYL-PYBAZOI.- 
CABBOXYLfC ACID 0„H„N,0, i.e. 

N_NPh 

C. H,(NH;).C.C(C02H):CMo [251°]. Formed by 

reduction of p-nitro-di-phenyl-methyl-pyrazol- 
carboxylic acid with SnCi, (Knorr a. Jodicke, 
B. 18, 2259). Crystalline powder. Sol. alcohol, 
ether, acids, and alkalis, inSjl. water. It evolves 
CO- at its melting-point. __ 

m.AMID0-(Py.3).PHENYE-(Pp.2)-MEIHYl 

aVINOLINE Cn;CMo 

0,.H,,N, i.c. C.H4 I , 

“ “ * \n : C.C.H.(NH,) f 

[116]. Obtained by reduction of »i-nitro-phenyl< 
methyl-quinoline with tin and HCl (Miller a, 
Kinkclin, B. 19, 633). Prisms. Very soluble in 
alcohol and benzene, tolerably in ether. Has no 
dyeing power, although it is isomeric with 
flavaniline. By farther reduction with tin and 
HCl it yields a tetrahydrido. 

Salts.—The mono-aoid salts are yellow, the 
di-acid colourless.-B"H.,Clj2aq: easily soluble 
glistening prisms. B"HjCl.;PtCl, 2aq: orange 
tables.-B"U.Cl.,PtCl,: concentric yellow plates. 
m-Amldo-(i> 3) - phenyl - (Pp- 2)-methyl- 
-OHj-OHMe 

tetrabydre-quinolm. ^jH.e.H,(NH,). 

Formed by reduction of amido-phenyl-methyl- 
quinoline with tin and HCl. 

J)%.acetyl derivative [178 ]. 

Thin colourless prisms; sol. hot aloohol. 

j>-Amido - (Py. 8) - phenyl - (Py. 1) - methyl- 
quinoline v. Flavaniuhz. 

AMIDO-PHEHYL-HYDEO-ftDIHOLnfB V. 

AMIDO-PHENYL-QUINOLIinS. _ 

p-AMIDO-PHENYL-OCTANE 0„HaN M, 
H,N.O,H,.C.H„. Capryl-phenyUt^. Phtn- 
eapryl-amme. (291° oorr.). Formed by hoaHng a 
mixture of aniline, oapryl alcohol, and ZnGf| M 
280°. Or ^ heating aniline hydroohlotide 





Mpnl alodbd at 300'’wS90° (Beriui, .S. 18,189), 
Flnia at -20°. Goloorless oiL 

Saits.—v. sol. hot water, t. si. sol. 
cold.—B'jHjOjO.: small plates, v. sol. alcohol and 
hot water, si. sol. cold water. 

Benzoyl derivative 0„Hj,.NHBz. [109°]. 
Slender felted needles, r. sol. alcohol and ether 
when hot, si. sol. when cold. 

o-Amido-pbenyl-ootane. From the nitro¬ 
compound (Ahrens, B. 19, 2725).--B jK^SnCl,,. 

p-Amido w-phenyl-M-octano. [19'5°]. (311° 
eori). From «-oct;l alcohol, aniline, and 
ZnCl, (B.).—B'HCI.-B'.,H,BO,.-B'jH,C, 04 . 
Formyl derivative. [66°]. 

Acetyl derivative. [93°]. 

Benzoyl derivative. [117°]. 
AMlDO-OPlAKflC ACID 0„H„N0, «.e. 

0,H(0Me)j(NH.J(Cn0)(C0.,H) [6:5:3:2:1]. Di- 
memoxy-amido.aldehydo-henzoie acid. From 
nitroso-opianic acid, SnCl.,, and HGl. Crystalline. 
Balt.— HA'HCl: needles, decomposed by water. 

Seactions. —1. J3or;/(a-«mfcrgiveabluc-violet 
colour.—2. Fe.jCl„ gives a green colour in solu¬ 
tions of NIIiA'. .3. Hot AcjO gives granules of 
C.jHj.NjO,, [233°] (Kleemann, B. 20, 876). 

■ DI-AMIDO-DI-PHENYL OXIDE 0,.,n,.,N,0 
t.e. (C,H,.NH.),0. [185°]. From the nitro 
compound (lIolTmcister, A. 159, 208). The 
sulphate forms slender needles. 

AUIDO-PHENYL-FENTANE v. Auido-amyl- 

nSNZENlS. 


TEI - AMIDO - TEI - PHENYI - PHOSPHINE 
OXIDE 0„II„N,rO ic. 0I'(C„1I,.NIL),,. [259°]. 
Obtained by reduction of • tri-nitro-tri-phenyl- 
phosphine-oxido (Hichaelis a. Soden, B. 17,923). 
White prisma. Soluble in hot water, hot alcohol, 
and acetone, sparingly in cold water, cold alcohol, 
and ether. Its salts arc very soluble in water. 

Tri-acetyl derivative 
0P(0,H,.NHAc)3aq. [188°], colourless crystals. 

Tri-benzoyl derivative 0P(0,H,.NIIBz), 
[0.180°], crystalline powder. 

DI • AUIDO ■ DIPHENYL - PHTHAIIDE 




o.h/ >0 

\c4o 


,C^(C.H.NH,),. 

\r 


Lactone of di-amido-tri-plienyl-carbinol carbo¬ 
xylic acid. [180°]. Tables. Prepared by 
reduction of dinitro-diphenyl-phthalide. By the 
action of HKO, it gives phonol-phthalem (Baeyer, 
B. 12, 642; A. 202, 66). 

AKIDO-PHENYL-PIPEHIDINE i.e. 

0,NH,j.C,H,.NH.,. [40°]. Formed by reduction 
of the oorresponing nitro-corairound [105°] with 
SnCl, and HOI.—B"H.jCLcq: large colourless 
crystals (Lellmann, B. 20, 681). 

p-AMIDO-B-PHENYL-PKOPANE C„H„N U. 
H^.O,H,.CH;.CH,.CH,. Amido-propyl-hcnzene. 
Propyl-pbenyl-amme. Phenpropytamme. (225°), 
From imiline, ZnCl„ and propyl alcohol %t 270° 
^uis, B. 16, 105; Francksen, B. 17, 1220), 
Liquid, volatile with steam; v. el. sol. water. 
Salts: 3^1: laminar, [204°].—»B'..UjPtCl,.— 
B'HBr. [218°].-B'HI.-B'ASO,: laminw, si. 
sol. oold water,—B'jH.,0,0,: si. sol. cold water. 

Acetyl derivative 0,H„AaN. [87^. 

Benzoyl derivative 0,H„BzN. [Ii6°]. 

^Amido-a-^enyl-propane 
B,N.O,H,.OH(OH,).OH,. Amido • ieoprajp/l- 
MWNS (917°). Similarly prepared from iso- 


pni^yl aloohd (lu): Liquid, sL soL water. 
Balts: B',H,SO,: sL sol. oold W8ter.-B'^0.,0,. 

Benzoyl derivative [115°]: lamins. 

See also Oomisihb and PnitivL-rBOPiir 
Aunm. 

0 - AUIDO ■ PHENYL - PBOPIOLIC ACID 
0,H,NO., i.e. 0,H,(NH.J.C=C.00,H. 

Preparation. —An ammoniacal solution of 
o-nitro-phenyl-propiolio acid is slowly added to 
a cold solution of FeSO, (11 pts.) saturated with 
NH,; after 1 or 2 hours’ standing the mixture is 
filtered and the amido-acid ppd. from the Citrate 
by adding HOI in slight excess; yield: 65 p.o. 
of the nitro-acid used (Bichtcr, B. 16, 679). 

Properties.— Microscopic needles. Soluble 
in alcohol, sparingly in ether, nearly insoluble 
in water, benzene, chloroform, and ligroine. 
Dissolves in aqueous acids. Decomposes on 
heating to about 125° and on boiling with water, 
in the latter case forming o-amido-aoetophonone 
and 00,. By boiling with NaOII and then 
adding HOI a splendid red colour is produced. 

Salt.—A'Ag” : insoluble pp. 

Ethyl ether A'Bt—[65°] needles (Baeyer a. 
Bloem, B. 15, 2147). 

a - AMIDO - a - PHENYL - PROPIONIC ACID 
0,H„N0, i.e. 0H,.0(0„iy (Nn,).00,H. Amido- 
hydro-atropic acid. From the nitrile by treat¬ 
ment with IIOl (Tiemann a. K6hler,B.14,1981). 
Fcathcr-like, satiny, needles. Sublimes about 
260°. V. e. sol. water, insol. alcohol and ether. 
Oonverted by nitrous acid into atrolactic acid. 

Nitrile 0H3.0I>h.(NH,).0N. Yellow oil. 

8-Amido-a-phenyl-propionio acid 
CH,(NHJ.OH(0.H,).OO,H. [169'6°]. A product 
of action of cone. NH,Aq on 8-brorao-a-phonyl- 
propionic acid (Fittig a. Wurster, A. 195,158; 
Mcrling, A. 209, 11). Plates (from water). SI. 
sol. oold water. 

o-Araido-a-pbenyl-propionic acid. Anhydride 
or lactam [119°]. Atroxindol. 

Formed, instead of the acid, by reducing 
C,iH,(NOJ.CHMe.CO,H. Needles (from dilute 
HCl). SI. sol. oold water, forming a neutral 
solution j sol. alcohol and ether. When quite pure 
it has a pleasant smell. Slightly volatile with 
steam. It dissolves in alkalis but is reppd. by 
CO, (Trinius, A. 227, 274). 

p-Amido-a-pbenyl-propionic acid 
CH,.CH(O.H,NH,).CO,H. [128°]. Fronjnitro- 
hydro-atropio acid, Sn and HOI (Trinius, A, 
227,267). Salt.—HA'HCl; needles; v.sol.water. 

a-Aimdo-/3-pbenyl-propionie acid C,H„NO, 
i.e. C.H,.CH,.CH(NH,)CO,,H. 

Amido-hydro-cinnamic acid. 

Occurrence.—In the radicles of germinating 
lupin seeds, together with other amiAojMids. 
Forms about 1 p.o. of t’le dry seed. The mixtuW" 
is heated with cupric hydrate and filtered, the 
acid is isolated from the residue by treatment 
with H,S and subsequent evaporation (Schulze 
a. Barbieri, J. pr. [2] 27, 342; B. 14, 1786). 

Formation. —From its nitrile by HCl (ErleiN 
meyer a. Lipp, A. 219,194). The acid formed 
in this way is perhaps not identical with that 
in lupin seeds. An amido-phenyl-propionic acid 
identical with that in lupin seeds oconrs amtng 
the products of the decomposition of protmds by 
HOI. It melts at [275°-280°] and is optically 
active, while the acid from phenyl-acetic aide- 
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hyde melts at [263°-26R°] and is inactive (Sobnlze 
a, K£geli, H. 11,201). 

Properties. —Glittering, anhydrous, plates 
(from hot saturated solutions); groups of slender 
needles, containing aq (from dilute solutions) 
(S. a. B.). Satiny plates (from alcohol); short 
anhydrous prisms or stars (from water) (E. a. L.). 
Sweet taste. Neutral reaction. M. sol. water, 
V. si. sol. alcohol, insql. ether. Small quantities 
may bo sublimed. Gives n<^ colour with Millon’s 
reagent. 

Salts.—CuA'„: insol. water (S. a. B.).— 
CuA'j 2aq: rosettes of small blue prisms (E. a. 
L.).—AgA'.-HA'HCl: prisms or stars; v. sol. 
alcohol or water, insol. cone. HCI.— 
(HA'HCl).PtCl,.—HA'HNO,. - (IIA')jn,SO,. 

Beactions, —1. With KjCr^O, and H«SO, gives 
oS odour of benzoic aldehyde, and ultimately 
forms benzoic acid.—2. When heated it cakes 
together and at about 270° it melts giving off 
COj, HjO, and exo-amido-phenyl-ethane {q. v.); 
the residue may be crystallised from alcoliol, it 
melts at [280°] and has the formula CjHjNO. 
From the behaviour of the analogous amido- 
propionic acid, we may suppose this body to be 
phenyl-lactimide. - 3. By putrefaction it gives 
phenyl acetic acid. 

Nitrile C,H,,.CH..CH(NH;).CN. From the 
compound of HCN with phenyl-acetic aldehyde 
by heating with alcoholic NH, at 100° (Erlen- 
meyer a. Lipp, A. 219,189). Small crystals. 

Salts.—B'HCl; trimetric prisms; v. sol. 
alcohol, insol. ether, v. e. sol. water. 

Anhydride or lactam C,H,NO or 

0„H„N,Oj «.«. Ph.CH..CH<pQ> or 

Ph.CH,.CH<™^>CH.CH,Ph. 

Phenyl-lactimide. [291®]. A by-product in 
the conversion of the acid into amido-phcnyl- 
ethane by the action of heat. Very slender 
silky needles (from alcohol) forming au electric 
powder. May be sublimed as woolly needles. 
V. si. sol. water, HCI, or KOHAq; insol. ether; 
si. sol. glacial acetic acid. 

i8-Amido-/3-phenyl-propionic acid 

&-Amido-hydro-cinnamic acid. [121®]. From 
^•bromo jS-phenyl-propionic acid and cone, 
aqueous NIIj at 0^ (Posen, A. 195, 141; 200, 
97). Large monoclinic crystals (from water); ; 
m. sol. cold water, v. sol. alcohol, v. si. sol. ether, i 
Boiling HCI Aq splits it up into Nil, and cinnamic 
acid. Salt.—B'HCl; prisms, v. sol. water. 

Anhydride or lactam 

CA.CH<^jj=>CO. Phenyl-lactimide. [147°]. 

FqjjgMd, instc.id of a sulphate, when the acid is 
adXid to H.SO, (1 vol.)*diIutcd with water (1 
vol.). Needles, insol. cold water, m. sol. hot 
water, alcohol, or ether. Is not reconverted 
into the amido acid by prolonged boiling with 
water. 

• o-Amido-i8-phenyl-propionic acid 

Anhydride or iacfam C,H,NO t.«. 

p „ /NH. COs. „ - „ ^N:C(OH)^ 

Bydro-carbostyril. Di - hydro - (Py. 8) ■ oxy - 
quinoline. [100°]. Formed, instead of the amide 
acid, when o-nitro-/3-phcnyl-propionio acid is 
reduced by tin and HCI (Glaser a. Buchanan, Z. 


1869, 194). Prisms; T. d. aol. water v. kA 
slbohol, ether, and warm cono. HOlAq. May be 
distilled. PCI, at 140° converts it into di-ohloro- 
quinoline. 

Ethyl derivative 0,H,N(OEt). [199°]. 
Formed by reducing the ethyl derivative of 
carbostyril with sodium amalgam (Friedlinder 
a. Ostermayer, B. 15, 335). Silvery plates. 

m-Amido-/3>phenyl-propionic acid 
C,H,(NH,).CH,.CH,.CO.,H. m ■ Amido ■ hydro - 
cinnamic acid. [85°]. Formed by reduction of 
m-nitro-fl-phenyl-propionic acid with tin and 
HCI (Gabriel, B. 16, 846). Colourless crystals. 
V. sol. water, alcohol, and ether. Sal t.—A'HHCl: 
colourless needles or scales. 

p-Amido-iS-pbenyl-pTapionio acid 
C,H,(NHj).CH2.CHj.C02H. p - Amido - hydro- 
cinnamic acid. [131°] (Glaser a. Buchanan, 
Z. 1809, 195). Prepared by reduction of p- 
■ nitro-phenyl-propionio acid with FeSO, and 
' NH,. Salts.—B'HCl.—B'.,H, so,. 

Acetyl derivative 

C,n,(NnAc)C.,H..CO.,H. [143°]. Long colour¬ 
less needles or short prisms. Sol. alcohol and 
etlier, insol. CS, (Gabriel, B. 15, 843). 
a-i3-di-amido-/3-phenyl-propionic acid. 
Anhydride or lactam 

C.H,.CH.CH(NH.J.CO 

Nil- ' • 

a-Bemoyl derivative 
C.H,.CH.CH(NHBz).CO 
NH 


[187°]. Formed by 


heating henzoyl-imido-clnnamio acid, 
C.H,.CH.CH.CO.,H 

\/ , with strong aqueous NH,. 

NBz 

Glistening needles or prisms; sol. hot alcohol 
and acetic acid, si. sol. cthce, insol. water, dilate 
acids and alkalis. By boiling with IICI it loses 
NHj giving the benzoyl derivative of a-amido- 
cinnamic acid (Ploclil, B. 17,1616). 

o-n-di-amido-8-phenyl-propionic acid 
C,H,,NAaq®.«.C.n,(NH,)CII,.CH(NlI.,)CO,Haq 
[245'’-250°]. p-Amido-phcnyl-alanine. Got by 
reducing p-nitro-a-amido-phonyl-propionio acid 
(Erlenmeyer a. Lipp, ^f. 219,219), or by redneing 
o-p-di.nitro-cinnamic ether and saponifying tho 
I product (Friedlander a. Miihly, B. 16, 852; ,1. 
229, 226). Silky needles (from water), si. sol. 
alcohol, insol. ether. Neutral; lias a sweet 
taste. Ecduces salts of gold and silver. Does 
not give Hoffmann’s mercury reaction (A. 87, 
124). Gives off no Nil, when boiled with KOH. 
Converted by nitrous acid into tyrosine. 

Salts. — nA'2HCl. — HA'li,l>lCI,.—CuA',} 
small violet-blue crystals, si. sol. water.— 
HA'ILSO,: small needles. 

(4,2,1) ■ di - amido - /3 - phenyl - propionic acid 
(4:2:1), C,H.,(Nn,),.CH,.CH,.CO,H. 

Anhydride or lactam C,H„N,0 ♦.«. 

h,n.ca<^“=;™5>. • 

carbostyril. {Py. S)<ixy.{B. S)-amido-di-hydro- 
quinoline. [211°]. Formed by reducing (4,2,1)- 
di-nitro-H-phenyi-propionio acid (Gabriel a, 
Eimmermann, B. 12, 602). Needles or prisms. 
Not affected by boiling alkalis. Salt.— 
(J: 3 :l)-Di-amido- 8 -phonyl-prepionio soiA 
[4:3:1] C,H,(NH,),.CH,.CH,.CO,H. Di-amido- 
hydro-cinnamic acid. [144°, dry]. Formed by 
reduction of «i-nitro-j)-Bmido-phenyl-propiooio 
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Mdd with tin and EOl (Oabriel, B. 16, 2391). 
Thiok orjrgtals containing aq. Sol. alcohol and 
acetic acid, t.sI. sol. ether, chloroiorm, benzene, 
and CS,. Dissolves in aqueous acids and alkalis. 
m-AMIJ)0.(P!/. Sj-PHEim-aTENOUNE 
XH:CH 

t.e. O.H/ I . [120“]. 

\n : c.c.r.:“; 

Formed by reduction of m-nitro-phenyl-quino- 
line with tin and HCl (Miller a. Kinkelin, B. 
18,1804). Long glistening needles. Distils at 
a high temperature undecomposed. Sol. ether, 
benzene, and hot water, v. si. sol. cold water. 

Salts.—B''H.;Clj; easily soluble colourless 
needles.—B"H 2 Cl 2 PtCl,: yellow crystalline pow¬ 
der. — B''jH 2 CljPtCl,: long fine needles. — 
B"HjS 042 aq: thick colourless prisms. 

(a) ■ Amido - (Py. 1) - phenyl - quinoline 
X(0,H,.NHJ:CH 

C,.H,A i-e. C.n,< I . [150“]. 

\n= oh 

Obtained by reduction of the corresponding nitro¬ 
compound [187“] with SnClj. Colourless glisten¬ 
ing plates (from alcohol). V. e. sol. alcohol, 
benzene, and chloroform, v. si. sol. ether with a 
bluish-violet fluorescence. Volatilises undecom¬ 
posed. Its mono-acid salts have a deep yellow 
colour and dye wool yellow, the di-aoid salts are 
colourless.—’‘B"HI: soluble yellow nccdles.- 
“B''jHjCl.I’tCl,: yellow prismatic needles. The 
chromate is a sparingly soluble brown pp. 
(Koenigs a. Nef, B. 20, 027). 

(fl) - Amido - (Py. 1) - phenyl - quinoline 
^C(O.H,.NH,):CH 

=ch' 


OisHjjNj 


i.e. 


N= 


[198“]. 


Obtained by reduction of the corresponding nitro¬ 
compound [11B°] wfth SnClj. Four-sided prisms. 
SI. sol. alcohol and benzene, v. sol. chloroform, 
V. bI. boI. ether. The ethereal solution has a 
bluish-violet fluorescence. It volatilises unde- 
composed. Its mono-acid salts havo a yellow 
colour and dye wool yellow, the di-acid salts aro 
colourless.—“B'TI.^Cl.^PtClj: yellow prisms, sol. 
HCl, nearly insol. water (Koenigs a. Nef, i^. 20, 
628). 

Amido-phenyl-quinollne. [136*5®]. V.I). 7*07 
(for 7’62). Obtained by heating quinoline hydro¬ 
chloride with aniline (Jellinck, M. 7, 351). 
Yellowish white needles; insol. cold water, sol. 
benzene, alcohol, and chloroform. 

SaltsB"2HC1.—B"H,PtCl«. 
Methylo-iodide. B"MeI. [220®]. 
m-Amido- {Py. 3)-phenyl-h7droqainoline 

O-HX I . Thiok syrup. 

\NH.CII.C«H,(NH.,) 

Formed by reduction of w-amido-phonyl-quino- 
line or of w-nitro-phenyl-hydroquinolino with 
tin and HCl (Miller a. KinkeUn, K 18,JL907).- 
B^'HsCls: monoclinio tables. 

(Py, 1:2).AH1D0.FH£N;L.IS0QUIN0L1N£ 
X(NH,):OPh 

/ • [0* 100®]. 

'CH:N 

j^ormed by reduction of {Py, 4:l:2)-chloro-nitro- 
phenyl-isoquwoline by beating with Hf and P 
(0abrielt B. 19» 834). Yellowish plates or 
Bf^efl. Easily soluble in ordinary solvents, 
modtrftlely in ether and ligroine. HUsolves 


readily in acids. Salta.—yellow oryi- 
tal 8 .-~B' 3 H 2 Cl^tCl 4 : long orange-red needles. 

B^HCl*': flat needles. 

BI.AMIDO-DI-PEENYI SULPHIDE 

OijHjjNaS i.e, (CaH 4 NHj) 2 S. Thioaniline, [105®]. 
Mol. w. 216. Obtained by heating aniline 
(6 pts.l with sulphur (1 pt.) at 160®, with 
gradual addition of PbO (Merz a. Weith, B. 4, 
384); or from di-phcnyl sulphide by nitration 
and reduction (KraiTt, P. 7, 384). A small 
quantity is got by ike action of S^Clj on aniline 
(Schmidt, B, II, 1108). Long thin needles 
(from water). Y. b 1 . sol. cold water, si. sol. hot 
water, v. sol. alcohol, ether, and hot benzene. 
Not attacked by hot cone. IICI, by hot alcoholic 
KOH, or by sodium-amalgam. Its solutions 
give a blue colour when warmed with FejCl,. 
Cone. H 2 SO 4 dissolves it with violet colour. 

Salts.—B'^H^Clg 2 aq : prisms, v. sol. water, 
si. sol. alcohol or cold cone. HCl.- B"HC12aq.— 
B"H 2 rtCV — B^H^SO^aq. — B^^SO^aq. — 
B"H 2 C., 04 . 

Diacetyl derivative (CjH 4 NAcH) 38 . 
[215°]. Needles. 

Di-o-amido-di-phenyl di-sulphide CisHtuN.^S, 
i.e. (C^H 4 NIL) 2 S 2 . [93®]. Prepared by oxidising 
o-amido-phenyl mercaptan with Fc^Cl,, (Hof¬ 
mann, B, 12, 2363). Plates; insol. water, sol. 
alcohol. Beadily reduced back to the mer¬ 
captan. The hydrochloride forms lamins, si. 
sol. HClAq. 

Di-p-amido-di-phenyl di-sulphide 

(C 6 H 4 NH.J.;S 2 . [79®j. Formed by saponifying 
its acetyl derivative with dilute H 2 SO 4 . Long 
greenish needles (from water); v, si. sol. water, 
V. sol. alcohol. 

Salts.—B"H 2 S 042 aq : small needles. 

Di-acetyl derivative (C„H 4 NAcli) 283 . 
[c. 217®]. Formed, together with the diacetyl 
derivative of di-amido-di-phenyl tri-sulphide, 
by heating acetanilide with SjCl^ at 100 ® 
(Schmidt, B, 11,1171). 

Di - amido • di * phenyl tri • sulphide. Di¬ 
acetyl derivative (C,iH 4 NAcII)..S 3 . [214®], 
Prepared as described above; forms lamina 
(from glacial acetic acid). 

AHIDO-DI-PEENYL SUIPHONE 
C,.2H„NS0., i.e. C,Hs.S0.2.C«H4.NH2. Amido- 
sulphohenzide. From nltro-di-phonyl sulphone 
by alcoholic ammonium sulphide (Gericke, A, 
100,209). Minute prisms, si. sol. cold water. 

Salts.—BTICl; [c. 90]; reddish four-sided 
prisms.—B'-^HaPtCl,. 

Di-amido-di-phenyl sulphone CjgHijNjSOj i,e, 
(C«H 4 NH..) 2 S 0 ... [108°] (Schmid a. N 6 lting,B. 
9,80). Obtained in the same way from di-nitro* 
di-phenyl sulpho.ue. Four-sided prisms, sL sol. 
cold water. _ 

Salts.—^B'^HuClj: long prisms.— 

Di • amido - di • phenyl-sulphone di-earboxylio 
acid C, 4 H,..N 2 S 0 , i.e, S 02 (C,H,(NH 2 )C 02 H)j, 
[above 350°]. Obtained from |)-anndo-benzoio 
acid and fuming H 2 SO 4 at 180® (Michael a* 
Norton, B. 10, 680). Rose-red tufts of crystHs 
(from water), si. sol. alcohol. 

Salt .—i small white lamina. 

AUIDO-DI-FHENYI SULPHONIO ACIDS «, 

AumO-DlPHENTL. • 

AHIDO-FHENYI STTLPEYDBATB v. Amido- 

raSMTL MEBOAFTAM, 




18S 


AXIOO-DIPEKim l)X4nnSE701UlS 
0,A,NS, le. 

paieu b; redaomg Ditro-dipoenyl di-salpho- 
obloride with tin and HCI (Qabriel a. Bambergia, 
S, 18,1411). Long noodles. 

p - AMIDO-DIPHEHYL-p .IHIO.&I,TCOLLIO 
ACID C„H„NSOj i.e. 

HjN.C„H,.C,H,.S.CH,.C 02H. [Over200°J. Formed 
by action of a chloro-aoetate upon p-amido- 
diphenyl p-sulphydrate (Gabriel a. Dambergis, 
B. 13,1410). Plates; si. stl. water. 

0 -AMIDO-s-DI.PHElfYI.THIO.DREA 
C„H„N,S i.e. C,HjNH.CS.NH.C.H,.NHj. From 
0 -phenylene.diamine and phenyl thio-carbi- 
mide in benzene (Lcllmann a. Wiirthner, A. 228, 
212). Glittering prisms, v. sol. alcohol and 
glacial acetic acid, si. sol. benzene, insol. ether. 
In a capillary tube it cakes together at 141®; at 
185“ aniline distils out of it; but at 250® it is 
still solid: o-phenyleno-thio-nrea being left: 
PhHN.CS.NH.C.H,NHj= 

CS<J52>CA + PhNH,. 

»»-Amido-di-phenyl-thio-ures. [148®]. From 
m-phenylene-diamine and phenyl thio-carbi- 
mido in benzene (L. a. W.). Amorphous yellow 
powder or colourless prisms (from alcohol). V. 
sol. glacial acetic acid, m. sol. alcohol, insol. 
ether and benzene. May bo melted without de¬ 
composition. Decomposed by long boiling with 
alcohol, as follows: 2CS(NPhH)(NH.C, II.NII..) ■•= 
(PhHN.CS.NH).,O.H, + C,H,(NHJ,. 'Piio o and p 
isomerides behave similarly. 

p-Amido-s-di-phenyl-thio-urea. From p- 
phcnylene diamine and PhNCS dissolved in 
benzene (L. a. W.). Beddish prisms (from 
alcohol). Sol. glacial acetic acid, insol. ether or 
benzene. Begins to decompose at 163®, form¬ 
ing p-phenyleno-thio-urea and aniline. 

AMIDO-p-PHENYL-TOLUENE C,,,H„N i.e. 
0,jH,|.NHj. [93®-97 ']. Amido-tclyl-phenul. Ob¬ 
tained from p-phcnyl-toluene, C„H,.CJI,.CIl 3 , by 
nitration and reduction (Carnelley, C. X29, 21). 

Salt.- B'HCl. [0.283®]. 

DI AMIDO-PHENYL TOLYL-KETONE 
Oi.Hi.N^O i.c. n3N.C,H,.CO.C,dl3(CH3).NH-. 
[about 220®]. Colourless needles. Formed 
together with osy-amido-phenyl-lolyl-ketone and 
di-ozy-benzophenone by heating commercial 
tosaniline with water at 270®. 

Di-beneoyl derivative C,,H,„0(NHBz),. 
[226®], colourless needles (Licbermann, B. 16, 
1927). 

DI-AMIDO-PHENYL-TOLYL-METHANE v. 

Dl-iMinO-BENZVL-TOLCENE. 

Dl-amido-phenyl-di-tolyl-methane 
C,|H 3 N 3 i.c.C 3 H,CH(C,H.NH,) 3 . [185®]. Formed 
by heating a mixture of p-toluidine, p-toluidine 
Ivj tSochloride, and bcnzoii, aldehyde for several 
hours at 120® (Ullmann, B. 18, 2091). It forms 
a compound with benzene, crystallising in 
glistening needles. 

Tri-amido-di-phenyl-tolyl-metbane 
0„,H„N, i.e. (H 3 N.C.H,)-CH.C,H,.N^. Leue- 
aniline. [100®]. Obtained by reducing rosani- 
line (j. V.) (Hohnann, Pr. 12, 9; Bosenstiehl a. 
Gerber, A. Ch. [0] 2, 341). Small crystals (from 
boilmg water). Sl. sol. hot water, or ether, v. sol. 
aloOTol. Converted into rosanilino by oxida¬ 
tion. S al ts. — B'"H,C1, aq. — B"'SHJPtOl-- 
..B"'3HNOr z -r 


Tri-mtlfl StrivatiDt Keefleft 

Oiras teira-ftcetyl-rosanlline when oxidised yriib 
E,Or,0,snd acetio acid (fienouf, B. 16,1808). 

Tri-p-amido-phenyl-di-tolyl-methane 
0«H3,N.f.e. (H3N.0,H3).,0H.0,H,.NH,. Prepared 
by reduction of nitro-di-amido-phenyl-di-tolyl- 
methane with zinc dust and HCI (Fischer, B. 16, 
C80). Small colourless prisms or long needles. 
On oxidation it gives a rosaniline which dyes a 
bluer shade than ordinary rosaniline. 

o-AMIDO-s-DI.PHEirYI-DREAO, 3 H„N,Of.e. 
NHj.CjHj.NH.CO.NHOjHj. From phenyl cyan- 
ate and o-phenylene diamine in benzene solu¬ 
tion (Lellmann a. Wiirthner, A. 228, 220). 
Slender silky needles (from alcohol). V. sol. 
glacial acetic acid, m. sol. alcohol, v. si. sol. ben¬ 
zene, insol. ether. In capillary tubes it cakes 
together and partially melts at 182®, splitting 
up into aniline and phenylene-urea, [305°]. 

TO-Amido-s-di-phenyl-urea. From m-phenyl- 
ene diamine and PhNCO in benzene (L. a. W.). 
Grey needles (from dilute alcohol). Y. sol. 
alcohol, and glacial acetic acid, si. sol. ether 
and benzene. In capillary tubes it decomposes 
at 185° into aniline and m-phenylene-urea, 
[above 300 ]. 

p-Amido-s-di-phenyl-urea.Fromp-phenylene- 
diamine and PhNCO in benzene (L.a. W.). Slender 
white needles (from alcohol). Sol. glacial 
acetic acid, v. si. sol. benzene, insol. ether. 
Decomposes about 210®-220® into aniline and 
p-phcnylene-urea [above 320®]. 

Di-amido-di-phenyl-urea C,3H„N,0 i.e. 
CO(NH.C,H|.NH..,)j. From tctra-nitro-di-phenyl- 
urcii, (OjH,(NO-) 2 .NH) 3 CO by reducing with tin 
and HCI (Fleischer a. Nemes, B. 10, 1296). 
Laminai (from alcohol); si. sol. cold water.— 
B'-IIPtClj. * 

‘AMIDO-PHENYL-DHETHANE o. Arano- 

rnENVL-OABBAMIC ElUER. 

o-AMIDO-PHENYL-VALEKIC ACID 
[1:2] C,H,(NH.J.CH,.CIl3.CIl„.Cn3.CO,H. [62^. 
White needles. Formed by boiling an alcobolio 
solution of eso-di-bromo-amido-phenyl-valerio 
acid with sodium-amalgam. It could not be con¬ 
verted into an inner-anhydride even by dehy- 
drating-agents. Acetyl derivative', [151®] 
(Diehl a. Einhorn, B. 20, 385). 

AMIDO-PHOSPHENYLIC ACID v. Pnos- 
rniNF.s. 

AMIDO-PHTHALIC ACID CjHjNO, tA 
C3H3(NH.3)(CO.H)., [1;2;3]. 

Salt.—HA"llSnCl,2aq: needles, got from 
nitro-phlhalio acid by tin and HCI. The 
hydrochloride gives oil CO; on evaporation, 
becoming m-amido-benzoic acid (Miller, A. 
208, 245). 

Bthyl ether Et.,A". Oil; got by reducing 
ethyl co»-nitro-phthalate. 

Amido - phthaUo acid 0,H3(NH;)(CO;H), 
[1:3:4]. ■ Its hydrochloride splits up, like that 
of the preceding acid, into CO, and m-amido- 
benzoic acid (M.). 

Ether [96®] (M.). Got by reducing 
u-nitro-phthalio ether (M.; Koenigs, B. 10,125). 
Monoclinic prisms (from alcohol). EthereiU 
solutions show faint blue fluorescence. 

Aietyl derivative [122F]. Minute 
lamina). 

Amido - iso - phtbalie sold 0,H4?0, 8aq. 
[ebove 800“]. S. '104 at 16®; -93 at 99% 





tanmi h/ icdooing nUio-iso-phtltalio Mid, 
[949°HStom a. fittig, vd. 168,23$; Beyer,/. 
fr. [3j 3$, 491). Prisms (from alcohol) or plates 
(from water). Solutions give a deep reddish- 
brown colour with Fe.,Oi„. 

Salts: KjA"; gives no pps. with salts of 
Ca or Ba, but pps. with salts of Zn, Cd, Cu, Ag, 
I'b, and Hg.—Na^A".—MgA''4tng: S. 20 at 
1$“. —CaA''35aq: S. 7-4 at ISV-SrA" aq : S. 

6'6 at 16°.—BaA"l|aq: S. 6-43 at 16°_ 

4!nA". — CdA". — AgHA". — Hpl"HCl aq. — 
(H,A''HCl).,PtCl,3iaq: crystals grouped in stars. 
-H,A"HBr.—H.pV"HNO, Itaq. 

Methyl ether Me^A" [170°): solidifies 
at 164'. 

Mthyl ether Et^A" [118°); solidifies 
at 113°. Prepared by treating a mixture of 
nitro-iso-phthalio ether (50 g.), alcohol (300 g.), 
and cone. HCl (.500 g.), with zino dust at 0°. 
Tufts of thin plates (from alcohol) or slender 
needles arranged in crosses (from water). V. 
si. sol. water. Solutions fluoresce violet-rcd. 

Amido-tere-phthalio acid C,H,NO, t.e. 
0 ,H,(NH.j)(CO.,H) 2 [2:1:4]. Obtained by reducing 
nitro-terephthniio acid with tin and HCl (Warren 
de la Hue a. Hugo Miiller, Pr. 11,112). Thin 
lemon-yellow prisms; v. si. sol. cold water, alco¬ 
hol, ether, or chloroform. Decomposed by heat 
without previous fusion. Its solution fluoresces 
blue. 

Pi-methyl ether Me,A" [126°]. Salts: 
MejA"nCl: wliite needles, saponified by water. 
—(Me,A"HCl),PtCl, (Ahrens, P. 10, 1036). 

Di-amido-terephthalic acid C.H.NjO, i.e. 
C,H,(NH,),{C0,H)2 [3:6:1:4). 

Ether'Et.h." [168°]. Formed by the action 
of bromine upon di-amido-di-hydro-terephthalic 
ether (di-imide ijf succino-succinic ether) dis¬ 
solved in strong H-SO,. Glistening or.ange 
needles. Sparingly soluble in alcohol and ether 
with a yellow fluorescence. By diazotisation 
and treatment with Cu-Cl., it is converted into 
di-chloro-tcrephthalic other, which is reduced by 
sodium-amalgam to terephthalio ether. The 
sulphate forms very sparingly soluble colourless 
needles (Baeyor, B. 19,430). 

AMIDO - PHTHALIDE C,H,NO, i.e. 
C,H3(NHJ<^^^0 [4:^]. [178°]. Formed by 

reducing nitro-phlhalide [141°] (Hoenig, B. 18, 
8448). Short prisms; sol. chloroform, si. sol. 
alcohol, ether, and benzene, v. si. sol. cold 
water. Salts; B'HOl: needles.—^B'.,H,PtCl,. 

DI - AMIDO - ISO - PHTHALOPHENONE 
C„H„N, 03 . Two isomeric compounds of this 
formula are obtained by reducing the two 
di - nitro • phthalophenones that are got by 
nitrating iso-phthalophenone 0,H,(CO.C,nj)j 
[1:3] (Ador, Bl. [2] 33, 66). 

AMIDO-PODOCABPIO ACID v . Podocabpio 

ACID. * 

DI - AMIDO - PBOPAHE e. TaiMBTaVLEHa- 

DuuiNE and Pbopvlehe-dumike. 

(3:4;l)-AHIDO.PSOP£IlYL-BEirZOIC ACID 
0„H„N03»;s.C.H3(NH3)(C,Hj)C03H [3:4:1] [91°]. 
Eorinaiion:—!. By reduction of nitro-pro* 
ponyl-ben*)io acid with FeSO, ai»d NH,.— 
2 . By boiling amido-oxypropyl-benzoio acid 
with HCl (Widmnn, B. 16, 2572). Long 
. wbita needles. Easily soluble in alcohol, ether, 


and benseno, Sj^ringly in water and ligroina. 
Tolerably marked basic properties. '• 

Salts: A'H,HOi; long colourless easily 
soluble prisma. — (A'H,HCl),PtCl,; easily 
soluble yellow needles.—A'H, AcOH; colourless 
prisms, [o. 160°]. 

Acetyl derivative 

C.II,(NIIAo)( 03 HJC 03 H-[ 212 °], long white 
needles, si. sol. hot water. By the action of 
nitrous acid it is converted into methyl-cinuo- 

Iinecorboxylioacid6103H.O,H,<^®®;^^^, di- 
azo-propcnyl-benzoio acid, 

probably being the in¬ 
termediate product (Widman, B. 17, 722). 

Amido-propenyl-benzoic acid 
C„H,(NH.)( 0 ,H 3 )C 03 n [2:4:1]. [165°]. Formed by 
heating amido-oxypropyl-henzoic acid with dilute 
HCl (Widman, B. 19, 272). Yellow plates. 

Acetyl derivative-. [122°]; white prisms. 

a-AMlDO-PEOPIONAMIDE C,H,N,0 i.e, 
CH3.CH(NH-).C0.NH,. [above 260°]. Occurs in 
urine (Baumstark, A. 173,342). Small columns, 
si. sol. cold water, m. sol. hot water, insol. ether 
insol. alcohol (dilference from urea). Converted 
by nitrons acid into sarco-loctic acid, and by 
baryta-water at 160° into CO^, NH„ and 
ethylamine. 

a-AMIOO-FBOPIOEIC ACID V. AnssiuE. 

fi-Amido-propionic acid C,H,NO., i.e. 
Cn,(NIL).CH3.C03n. [ISO"]. MoI.w.89. 

l-'ormution. — 1. Together with fi-imido-pro- 
pionic acid, by the action of EH, upon 8-iodo- 
propionic acid (Heintz, A. 156, 36; Mulder, B. 
9,1903).—2. From cyano-acetic acid by reduc¬ 
tion with Zn and 1^80, (Engel, B. 8,1597). 

Proxierties, —Prisms; v. e. sol. water, si. sol. 
alcohol. Sweet taste. Split up by distillation 
into NH, and acrylic acid. 

Sal t.—CuA'. 5aq: dark-blue prisms. 

(a)-AMIDO-PBOPIONlTBIIE C,H,N, i.e. 
CH,.CH(NH 2 ).CN. a mixture of aldehyde- 
ammonia and prussic acid (30 p.c. solution) is 
acidified with H.,SO,Aq (1:3) (Erlenmeyer a- 
Fassavant, A. 200, 121). Liquid; quickly 
changes to imido-propionitrile, giving off NH,. 
—B'HCL—B'..H,PtCl,. 

AMlDO-PBOPTL-ALCOHOL v. Oxx-paoPTlr 

AUINE. 

AUIDO-ISOPBOPTL-BENZOIO ACID 
Auido-couinic acid. 

AMIDO-n-PBOPYt-CINNAMIC ACID 
C„H„N0,t.c.C.H,(0,H,)(NHJ.C.fl,.C0.,H[4:2:l] 
[155°]. Formed by reduction of nitro-»-propyl- 
cinnamic acid with FeSO, and NH, (Widinon, B, 
19, 277). Glistening yellow needles. Easily 
soluble in hot alcohol. By heating with dilute 
IICl for a long time it is converted-jjnt^v 
propyl-carbo-styrii (162°). 

o-AMIDO - p - PBOPYh - PHENYL - ACETIC 
ACID C„H„NO, i.e. C,H,.C,II,.CH(NHJ.CO,H. 
[197°]. Prepared by saponifying the prrauct of 
the action of HCN upon cumin-hydramide 
(Plochl, B. 14,1316). Bl. sol. cold water, Bisah 
alcohol and ether. 

AMIDO-PYBEHK «. PvnzN*. 

AMIDO-PYBOCATBOHIN »C.H,NO, U 
■‘C,H,(NH,)(OH),. By reducing the rutro-com- 
pound by Sn and HCl. 

Salt: B'HOl: dark needles. Sodio ear. 




AMIDOPYROCATECHIir. 


bot»to liberates the free base whish, bowever, ia 
rapidly oxidised by air forming a violet solution 
(Benedikt, J.pr. [2] 18, 467; B. 11,303). 

Methylene derivative C,H,NOj is. 

Obtained by reducing 

methylene - nitro - pyrocatcehin or nitro- 
piperonylic acid (Hesse, d. 199, 311). Brownish 
oil. 8alt:B'HCI. 

AMIBO-PYEOGAlipi C.H,NO, i.e. 
C«H 2 (NH.J(OH)j. Amido-pi/rggallic acid. From 
the nitro-compound. Its alkaUno solution turns 
blue in air. 

Salt.—B'lICl: needles (Barth, M. 1, 881). 

AMIDO-PYRO-MECONIC ACID CjH,No/t.c. 
CiH 3 (Nn,)Oj. From nitro-pyro-mooonio acid, 
tin and IlCl (Ost, pr. [2] 19, 191). Needles 
(from water). Fe^Cl^ gives a blue colour, changed 
to red by excess.—B'HCl aq. 

Di-amido-pyro-mellitic ether 
0,(NH„).3(C0jEt), [131°]. From the nitro com¬ 
pound (Nef, A. 237, 24). Diacetyl deriva¬ 
tive [m\. 

(aj-AMIDO-PYBRYl METHYL KETONE 
C,H,NjO i.e. C,H,(NH„)N.C0.CH3. Formed by 
reduction of (a)-nitro-pyrryl methyl ketono with I 
tin and HCl (Ciamician a.Silber.B. 18, IICO).— j 
B'jH. 3 PtCl„: long yellow needles. | 

(B.4)-AMIDO.tlDINOI.INEC,NH3.NH3.[C7°]. | 

Prejxiralion. —l.By reducing nitro-quinoline, ' 
[89°] (Koenigs, B. 12, 151).—2. By heating ^ 
oxy-quinoline with zinc - chloride - ammonia ■ 
(Bedall a. Fischer, B. 11, 2573). I’iatos. Bis- i 
solves in acids. CrO, gives a blood-red colour. | 

(B. 2)-Amido-quinoline C„H,N.j [111']. I’re- > 
pared by reduction of nitro-quinoline from p- ’ 
nitraniline (La Coste, B. 16, 670). Coloniiess ' 
plates or flat needles (containing 2nq). Sublim- ■ 
able. V. sol. alcohol and ether, less in water I 
and ligroin. Salts: B"HC1: large colourless 
prisms.—B^'afLCLPtCl, 2aq.: crystalline pp. 

Bicraie B"(C3H3(N03),0n)3: needles- 

(B. 3)-Amido-quinoline 
XH;CH 


0.H3(NHJ 






'N = CH 


[110°]. Prepared by 


M-AMIDO-(ilJniOHB-IIUDK Amwo-is. 

Uano-PEZNOi,. 

(B. 2)-AHIDO.«0INOXAlINE C,H,N, is. 
>N:0H 

I [169°]. Formed by conden- 
'N:CH 

sation of glyoxal with (l:2;4).tri.amido-beo- 
zene (Hinsberg, B. 19, 1251). Yellow needles 
or large crystals. Sublimable. V. sol. water, 
alcohol, and chloroform, m. sol. ether and 
benzene. The ethereal and chloroform solu¬ 
tions have a yellowish - green fluorescence. 
The aqueous solution gives yellow pps. with 
AgNO, and HgCl^. Its solution in HCl is deep 
violet. 

Salts.—B'HCl: brown plates with green 
reflection.—li'..H,SO,.—B'.3H,Cl.,l'tCl,. 

AMIDO-BESOBCIN C„H,N03 [1:2:4] 

CJIj(NH 3 )(OH),. Formed by reducing nitro- 
resorcin with tin and IICl (Weselsky, A. 164, 6). 
—B'HCl 2aq: gives brown colour with FCjCl,. 
The free base is unstable. 

Ethers: C,H 3 (NH..)(OEt)j: [32°] j (261°). 
From benzeno-azo-di-ethyl-rcsoroin (Will a. Pu- 
kall,B.20, U24).-C.H3(NIl3)(OU)(OEt). [148°]. 

Amido-resorcin. Ethyl ether 
C«fI;i(NH 2 )(OEt ).3 [1:2:6]. [124°]. F’rombenzene- 
o-azo-(li-ethyl-rcsorcin (Pukall, B. 20, 1148). 

Di-amido-resorcin C II^N .O.. i.e. 
Cjr.(NIl,) 3 (OH).. [l;3:i:6]. The hydrochlo- 
ride is obtained by reducing dinitroso-resorcin 
(Fitz, B. 8, 633) or bcnzene-disazo-resorcin 
(Liebermann a. Kostanecki, B. 17,881). It gives 
a blue colour with Fo.CI^. The free base is un¬ 
stable. If the hydrochloride is suspended in 
chloroform, a little aqueous NaOH added, and 
then a large quantity of water, a beautiful blue 
colour is produced.- B"II,SO, 1 [aq. 

Di-amido-resorcin. F'ormctl by reduction of 
di-nitro-resorcin with tin and HCl ('I’ypko, B. 
16, .555). The hydrochloride (IS'll.CIJ forms 
easily soluble flat needles. Fc-Clg produces a 
ppn. of steel-bine prisms of di-iniido-res<»rcin. 
AMIDO-SALICYLIC v. Oxy-Aaiino-nuNZOio. 

DI - AMIDO - STILBENE v. Bi-Auido-m • 

rHiSNYL-KTIlVI.EXn. 


heating (B. 3]-oxy quino!ine with ammoniacal 
ZnCl, (Itiemerschmied, B. 16, 725). Y'ellow 
lates. Sublimable. Sol. alcoliol, ether, and 
ot water; si. sol. cold water. 'I’lic picrate 
forms long red needles, v. si. sol. ether. 

(o)-Di-8mido-quinoline C|,H„N 3 i.c. 
C,H 3 (NH.;).jN. [156° uncorr.]. Formed by re¬ 
duction of (a)-di-nitro-quinoline 1183°] with 
BnClj (Claus a. Kramer, B. 18,1217). Thick 
yellowish needles.—B"H.CljPtCl,: red needles. 

(fl)-!: - amido - quinoline. [163° uncoiT.]. 
Forme,' by reduotior'. of (i3)-di-nitro-quiuoline 
□.SdiJvith SnClj (C. a. K.). Small yellow 
heedlcs or plates. Is not sunlimablc or volatile 
with steam. V. sol. water and alcohol, sl. sol. 
ether, benzene, and ligroin.—B^HjCl^PtCl,: 
yellow crystalline powder. 

DI-AMIDO-QUINONEC.H3(NH,,).,0.3[6:2:4:1]. 
Diacetyl derivative C„H..(NHAc) 303 : 
[265°-270°]. Formed by oxidation ot tetra-ace- 
tyl-di-amido-hydroquinone C 3 H 3 (NHAc),,(OAc).j 
or tri-acetyl-tri-amido-phenol 03 Hj(NHAc), 0 II 
(from ‘ijicric acid). By heating with SnCL dis¬ 
solved in cone. HCl it yields di-amido-hydro- 
ininone (Nietzki a.Preusser,B. 19,2247; 20,797). 


AMIDO-STBYCHNINE O^.H^N^O., i.e. 
C.„H.|(N1L)N.B.. [275°]. (c. 280°) at 5 mm. 

From nitro-strychnine and SnOL (Loobisch a. 
Sehoop, M. 6,818). Cubes (from alcohol). Insol. 
water, sl. sol. benzoline, m. sol. alcohol, v. e. 
sol, ether and chloroform. Its salts are very much 
more soluble than those of strychnine; they 
turn reddish-violet in moist air. They give tho 
general reactions for alkalohls. Give no colour 
with cone. H.SO, and K-Cr^O,. A dilute acid 
solution is turned blue by aqueous K^Cr^O, or 

by Fe.jCI^. S a 11 s.—B''2HC1: prisms.—B"H.,PtCl,. 

Acetyl derivative C.,H.,,(NAoH)N.,0,aq 
[205°) (L. a. S. JIf. 7, 77). 

Di - anjido - strychnine C.,,H,,,(NH,3)3N,0,. 
[263°]. F’rom di-nitro-strychnine, tin, and HCl 
(Hanriot, C. 11. 96, 586; Bl. [2] 41,236). Prisms 
(from chloroform); v. sl. sol. water and ether, 
m. sol, alcohol, v. sol. chloroform. Gives no 
colour with cone. H^SO, and KHr^O,. A dilute 
acid solution is turned violet-blue by oxidising 
agents such as K-Cr^OiAq or NaOCl- 
p-AMIDO-STYEENE C.H.N i.e. 
C,,H,(NH.,).CH:CH., [76°-81°]. A body of this 
eomposition is formed by reducing p-nitro- 



AMIDO-THTMOL. M 


eiBaftmio tlSi with tin &ad HOI (^nder» B. 14, 
2358)f and by beating |>-aimdo-cinnamio acid 
(Berntbeen a. Bender, S. 15,1982).—B'-HBtcL 

O.AMID0.STYEYL.ACBYMC ACH) C,,H. ,NO, 

U. 0^^(NH3).CH:CH.CH;CH.C0^. o-Amido- 
evnnamenyl-acrylic acid. [177®]. Formed by 
reduction of o-nitro-styryl-acrylio acid with 
ferrous suiphate and ammonia. Yellow needles. 

V. sol. chloroform, ether, alcohol, and acetic 
acid, si. sol. GS^ and hot water, y. si. sol. cold 
water. Its ethereal solution has a green fluores¬ 
cence. It forms salts with acids and with 
bases. The hydrochloride is easily soluble, 
the sulphate sparingly soluble. The salts with 
bases are deep yellow. 

Acetyl derivative 

C,H 4 (NHAc).C 4 ll 4 .C 02 H: [253®]. Small white ! 
tables, sol. hot alcohol, si. sol. cold alcohol and 
ether,insol. water(Dinlil a. Einhorn, J5.18,2332). 

o-AMIDO-STYRYL-PROPIONIC ACID 
C,H,(NH,).CH:CH.CII,.CH,.CO,H. o-Amido- 
dnnamyUacetic acid, [59® hydrated]. Crystals 
{ + H 2 O). Easily soluble in ordinary solvents. 
Formed by reduction of o-amido-styryl-acrylic 
acid with sodium-amalgam (Diehl a. Einhorn, 
B. 20, 378). 

AUIDO-SUCCINAHIC ACID v. Aspaiuoine. 

AMIDO-SUCCINIC ACID v. AsPARTto acid. 

Di-amido-Buccinic acid CJIgN^O, i.e. 
CO,H.CH(NII,).CH(NH,).CO,H. [125®]. 

Forviation. —1. From di-bromo-succinic acid 
and NHj (Lehrfeld, B. 14,1817).—2. By redu¬ 
cing the di-phonylhydrazido of di-oxy-tartario 
acid, CO,II.C(N,,HPh).C(N,HI*h).CO,H, in alka- 
line solution with sodium amalgam. The yield 
is 35 p.c. of the theoretical (Tafel.B, 20, 217). 

Properties. —Prisms; v. si.sol.water,alcohol, 
ether, acetone, e^ctio acid, chloroform, aniline, 
phenol, and OS.^. Sol. aqueous acids and alkalis. 

Di-amido-succinic acid [151° 

uncorr.]. Wliito needles or prisms. Sol. water, 
alcohol, and etlicr. The acid is isomeric with 
the preceding. The ether is formed by tlie 
action of NH 3 on di-chloro-succinic ether. 

Diethyl-ethcr A"EV [122® uncorr.] 
Colourless needles or trimetrio prisms. Sol. 
alcoliol and ether, v. si. sol. water. 

Salts.—A"Ag., and A"Pb: insol. pps.— 
A"Cu: green pj). 

Dt-amide C..H„N 2 (C 0 .NH,,) 2 . [ICO® uncorr.], 
Eong slender needles. Insol. water and ether 
(Claus a. Ilelpenstoin, B. 14, 624; 15, 1850). 

AUIDO. 8UCCINDRIC ACID v. Uiumido- 

aucGiNio Aom. 

AMIDO - 6ULPH0BENZIDE v. Auido-dz- 

rilliXYL SULPTIONK. 

amido-sulpho-benzoic acid o,h,nso, 

i.e. C„H,(NH,)(S 0 JI)(C 02 H) [1:3:6J. From 
nilro-m-sulpho-benzoic acid and aqueous am¬ 
monium sulphide (Limprichta. U8lar,A.10C,29). 
Needles, v. sol. hot water, m. sol. alcohol, v. si. 
Bol. ether. Blackened by heat. Combines with 
bases but not with acids. 

(a)-amido- 8 ulpho-beQzoio acid OfH^NSOjaq 
i.e. C,H,(NH,)(S 03 H)(C 0 ,H) [l:aj: 6 ]. Obtained, 
together witli the following acid, by sulphona- 
tion of m-amido-benzoic aoid (Grioss, J. pr. [2] 
5, 244). liour-sided laminEBy m. sol. hdt water.— 
Salt:—BaA''2aq: v. si. sol. water. 


(B)-aRudo-8nlpbo-beiixoio aoid 0^,NS0. 
0A<NHJ(S0^{C0^ [1:«:5]. Six-sided 


lamiiue; r. iL soL bot water.—Salt: BaA'^Saq; 
m. sol. water. 

Amido-iulpbo-benioio aoid 

0 .H 3 (NH 3 ){S 03 H){C 0 ,H) [1:8:6]. Bbombio 

plates, sol. hot water. Dilute solutions show 
blue fluorescence (Hart, Am. 1, 303). 

Amido-sulpbo-benzoio aoid 
0.H3(NH,)(S0JI)(C02H) [1:2:4]. 

Imiie [285°]. From 

the amide of j>-nitro-tolueno sulphonic acid by 
oxidation and redaction (Noyes, Am. 8, 167). 
Colourless crystals, v. si. sol. water. Its solution 
shows dark blue llaoresconce. 

AMIDO-STJIPHO-BENZOLIC ACID. An old 
name for aniido-bcnzene sulphonio aoid v. 
Auido-benzenk. 

AHIDO-SULPHO-PHENOLIC AOID. An old 
name for amido-phenol sulphonic aoid v. Amido. 

rUENOL. 

a-AMIDO-p-SULPHO ■ PHENYL-PROPIONIO 
ACID C,H„NHO,t.e. 

SO„H.C,U,.CH,.CH(NH,).CO,H. 

From a-amido-phenyl propionic acid (20g.),cono. 
HjSO, (30 g.) and Nordhausen acid (26 g.) (Erlen- 
meyor a. Lipp, A. 219, 2U9). Groups of short 
prisms (from water). M. sol. water, v. si. sol. 
alcohol, insol. ether. Does not combine with 
HCl. Fused with KOH gives p-oxy-benzoio acid. 
—Salts: BaA',4aq: flat prisms. 

AMIDO-TEBEPHTHALIC ACID v. Amido- 

PHTHALIC ACID. 

m-AUIDO-THIO-BENZAHIDE C,H,N,S tA. 
Csn,(NHj).CS.NHj. Obtained by boiling m-nitro- 
benzonitrile with aqueous ammonium sulphide 
(Hofmann, Pr. 10, 598; B. 1, 197). Needles 
(from water). Weak base. Decomposed by 
heat into U.,S and amido-benzonitrile. Alcobolio 
solution of iodine converts it into C|,H|jN,S, 
crystallising from water in slender needles 
(129°). Forms a platino - chloride 
C„n,,;N,SHJ>tCl, (Wanstrat, B. 6, 332). 

p ■ Amido - thio - benzamide [170°]. From 
p-nitro-benzonitrile and cone. HjSO, (Engler, A, 
119,299). Crystals; m. sol. alcohol. 

AUIDO . THIO ■ CREBOL v. AMiDO-ioLn 

MEBCAFTAN. 

AMIDO-THIOPHENE C,SH,(NH,). Pre¬ 
pared by reducing nitro-thiophene with tin and 
alcoholioHCl(Stadlcr, P.18,1490,2316). Yellow 
oil. Very unstable; being changed in 12 hours 
into a brittle resin. The hydrochloride reacts 
with diazo salts forming stable azo compounds. 
SaltsB'HOl.—B'..H.,SnCl,. 

a-AMlDO-IHIENYl-ACETIC ACID 
0,H,SNO., i.e. C,SH,.OH(NH.J.CO.,H. Formed 
by reducing the oxim of thienyl-glyoxylio aoid 
C,SHj.C(NOH;.COjH with tin and HCl (Bradley, 

B. 19, 2116). PUtes or grains; °."'iliniIt,. 

235°-240°. Salts. -The acid gives pps. wiUi 
salts of Cu, Hg. Bi, and Zn, but no pps. with 
salts of Fe, Mg, Mn, Ur,Ni, Ba, Ca, Sn, or Pb.— . 
CuA'jaq.—HA'HCl. 

AUIDO - THIOPHEKOL ti. Auino-F^mii 

HEBCAFTAM. 

AMIDO - THYMOL 0„H„NO <4. 
0«H,Pr(NHJ(CH,)(OH) [1:37:4:6]. Nitroso- 
thymol, prepared from sodium-thymoI.KNO, and 
HjSO, (Sohift, B. 8, 1600), is reduced by 
Bn and HCl to the well-orptallised tin salt of 
p-amido-thymol. This is dissolved in water and 
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deeampoMbTHJ(^dnaaa,%ir.}31i 169}k-^ 
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Beactiona, —1. BUaohing powder aolntion 
cpnTerta it into thymo-quinone-oWoro-imide 
(g-v.y —2. A Bolution of bromine in NaOH 
oxidises it to thymo-quinone.—3. Bromine water 
bas the same effect. 

Amido-thymolsulphonicaoid CuHulSOaHJNO 
la among the products of the action of cone. 
MaHSOjAq upon thymoquinone-chloro-imide 
(A.). Needles or prisms. < 

Di-amido-thymoquinono C^HuNjOj ».«. 
0,PrMe(NHJjOj or Oxy-amido-thymoquinon- 

imUe O.PrMe(Nn.J(OH)<^^^. Formed by 

heating phenylamido-ozy-thymoquinone with 
alcoholic NHjat 100° (Anschutz a.Leather, C.tT’. 
49, 726). Dark blue crystals, insol. water, ether, 
benzene, chloroform, and CS,; t. b1. sol. alcohol; 
sol. glacial HOAc (crystallising with ^HOAc); 
T* sol. HCIAq, forming a red solution. 

AlCIDO-TOLTI£N£ v. Toluidine and Benzyl* 

AMIMB. 

]}i-amido*toIaene v, Tolylene-diauine and 
Amido-bsnzylamzne. 

TBI - AMIDO - TOLtrENE CjH.jNj i.e. 
C,HoMe(NR.), [1:3:4:5]. 

P‘Acetyl derivative CBH.^Me(NHAc)(NH^), 
[1:4;3:6] [c. 204°]; pearly rods (containing aq); 
sol. acetic acid and hot alcohol, insol. water, 
ether, and benzene. Formed by reduction of 
acctyl-di-nitro-p-toluidinc (1 pt.) with tin (.3pt9.) 
and cone. HCl (8 pts.). The bydrochlorido 
(B'HCl rjaq) forms white concentric easily 
soluble needles (Niementowski, B. 19, 71C). 

Benzoyl derivative 

C„H2Me(NHBz)(NH.,)j [1:4:3:5] [c. 185°]. 

Formed by reducing benzoyl*di-nitro-^;-tcluidine 
(Hiibner, A, 208,318). Insol. water, sol. alcohol 
and ether. S a Its.—B"2HCI.—B"n.,SO^. 

Tri-amido-toluene CsHa(Cna)(NlL);, [l:2:t:7]. 
Very ozidisablc crystalline solid. Tri-acid base. 
Prepared by reduction of nitro-tolylene-w* 
diamine. B'"(HCI)., and are white 

crystalline solids (Kuhemann, B. 14, 2057). 

AMIBO-TOLUENE SIJLFHINIC ACIDS 
C,H,NSO.,. 

o*Amido*tolaend sulphinic acid 
0„H,MejNH;j)S02H[l:2:4J. o-Toluidinesulphinic 
acid. S. *i48. From o-amido-tolucnc thio* 
snlpbonic acid and sodium amalgam (Paysan, 

A. 221, 861). Bectangular tables, si. sol. water 
or alcohol, insol. ether or benzene. At 100° it 
decomposes without melting. 

Reactions. —1. With yellow ammonic sulph¬ 
ide forms amido-toluene thiosulphonic acid.-** 
2. KMnO^ forms amido * toluene sulphonio 
Boiling HCl forms the isomeric toluene 
eafpC^ine.—4. Nitrous acid loime a diazo com¬ 
pound which when warmed with alcohol forms 
the ethyl derivative of crcsol sulphonic acid. 

Salts.—KA'.—BaA 3 2aq.—AgA'. 

^oluene sulphamine CjHgNSO^. [176°]. Got 
by neating o*amido4oluene sulphinic acid with 
HCl and ppn. by KH,. Needles in stars (from 
alcohol).—B'HCl: groups of slender needles. 

jp-Amido-toluene sulphinic acid C,HjNSOj 
•.#. CeHj|(NH.^)Me.80xH [1:4:6]. From 
CjH9(NH,)Me(SOj,8H) by boiling with HCl but 
•ince xuudi then changes to toluene sulph* 


amihh is ^better to 1 ^^ It sodNn 
az^gam (Helfter, A. 231,847). Hard priirms. 
Hoes not melt below 240°. Insol. aloonol, d* 
sol. cold water, t. sol. hot water. 

Reactions. —1. Wanned with a solution of 
sulphur in ammonic sulphide it changes to the 
thiosulphonic acid, C,H,(NH.,)Me.(SO:,SH).-2. 
Bromine converts it into amiilo-tohiene sulphonio 
acid.—3. Not reduced by Sn and HCl. 

S a Its.—K A'.—BaA'.j a*aq. 

Tolnene sulphamine (isomeric ^vith the 
above). [132°]. Got by heating p-amido-toluene 
sulphinic acid with cone. HCl. It is a base. 
Microscopic prisms (got by adding NHj to its 
solution in HCl). V. sol. alcohol and ether, but 
separates from them in a resinous form; si. sol. 
water. Dissolved by treatment with water and 
sodium amalgam (not NaOH alone) forming 
Bodic amido-toluone sulphinate. 

Salts.—B'HCl: si. sol. HCl, v. sol. water or 
alcohol.—B'alLSO,.—B'HBr: changes readily 
into amido-toluene sulphonic acid.—B'HNO,: 
warmed with HNO, forms amido • toluene 
sulphonio acid. 

Di-amldo-toluene sulphinic acid G,H,oN,.SOj 

1. e. C„ILMe(NHJ.SOaH. Tolylenc-di-amine 
sulphinic acid, S. *047 at 20°. From 
CAMe(NH,),SO,SH by boiling with HCl (Perl, 
B, 18, 70). Silky needles (containing aq). V. si. 
sol. water, insol. alcohol, ether, and glacial 
HOAo.—PbA'.. 2aq: minute needles. 

AMIDO-TOLUENE SULPHONIC ACIDS 
CyH^NSOj (Limpricht, B. 18, 2172). 

o-Amido-toluene sulphozuo acid 
CJl 3 Me(NH,)SO,Haq[1:2:5]. o^Toluidiiie Sttl 
phonic acid. 8. 2’76 at 12 •’ (TI. Hasso). 

Preparation. —1. By heating the acid sul¬ 
phate of o-toluidine at 220° 2I^°, or in a metal 
dish till solid (Nevilc a. Winlhcr, C. J. 37, C2G*, 

B. 13, 1941; Gerver, A. 1C9, 374; Pagel, A. 
17C, 292).-'2. By reducing the corresponding 
nitro acid (Foth, A. 230, 300). 

Salts. — KA'aq : tables and prisms. — 
NaA'4aq: tables.—BaA '2 7aq: tables and prisms. 
—AgA': prisms. 

Rcactions.—l. Bromine water forms first 
Cn 3 .C,jH,Br(NII,)SO.,H [1:3:2:5] then di-brorao- 
toluidine CuJL(CH,)(NH^)Br.^[l:2:3:5][46°] is ppd. 

2. Fused with alkalis or Jieatcd with water or 
aqueous HCl to 100° it forms o-tohiidine.—8. 
Nitrous acid and alcohol givo m-toluene sul¬ 
phonio acid.~4. With o4oluidine at 235° it 
forms a red dye. 

o-Amido-toluene sulphonic acid 

C, ^,Me(NH,)(S 03 H) [1:2:3]. Obtained by re- 
ducing the corresponding nitro acid (Feohmann, 
A. 173, 215). Minute needles; si. sol. cold 
water. Gives o-toluidine when fused with KOH. 

o-Amido-toluene sulphonio acid 
C,H 3 Me(NH,)(S 03 H)aq [1:2:4]. From the nitro 
acid (Bek, 1869, 211; Beiistein a. Euhlbcrg, 
A. 156, 21; Weekwarth, A. 172, 193; Hayduck, 
A. 172, 204; 174, 343; Herzfield, B. 17, 904). 
Long needles or four-sided prisms. S. *974 at 11°; 
insol. alcohol. The aqueous solution is turned 
violet by Fe^Clg. Potash-fusion gives o-amido- 
benzoic acid. Bromine gives di-bromo-toluidino 
Bulphoni(^ acid. Salts.—NaA'4aq.f-KA'aq.— 
BaA'j'iJaq.—PbA',. 

Amke. — C,H,Me(NH,)SO*NHa. [1765* 

S. *33 at 33°. From 0,H,Me(N0JS0^H9 
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|lS 8 °],MHpUidE,S(Fa 7 saii, A. ii21,3l0}t Font- 
•ideil oolumna. 

B al t.—O.H,Me(NH,Cl).SO,NHj. [240°]. 
m-Amido-tolnene salphonic acid 
O^Me(NH,)SO,H [1:3:2], m-Toluidine sul- 
phonic acid [275°]. By sulplionation of m- 
toluidine (Lorenz, A. 172, 185). Tables or 
plates; si. sol. water. Bromine-water produces 
tri-bromo-toluidine. 

Salts. —BaA'j 9aq.—PbA'.^ 3 J aq. 
m-Amido-tolnene sulphonic acid 
CsH3Me(NH2)80jHaq. S. (dry) T4 at 19°. From 
bromo-tolucne salphonic acid CgU^MeBrSOjK 
[1:2:4] by nitration and reduction (Hayduck, A. 
174, 350). Minute needles. 

p-Amido-toluene c.ro-salpbonic acid 
C.H,(NH. 3 ).CH 3 .S 0 ,,H [1:4]. p-Amido-bcnzyl-sul- 
phonic acid. S.-097 at 10°. Formed by reducing 
the nitro acid by NH, and H.^S (Mohr, A. 221, 
219). Prisms, insol. alcohol, si. sol. cold water, 
Balts.—KA'2.;aq. -BaA'jSaq. 

The diazo derivative, 

is converted into CjH,( 0 Et).CH. 3 .S 03 H by heating 
with alcoliol under 1100 mm. pressure. 

p-Amido-toluene sulphonic acid 
C 3 H,Mc(.SH.)S 03 lI^ [1:4:2], p-Toluidinc sul¬ 
phonic acid. S. '45 at 20°. A product of sul- 
phonatiou of p-toluidinc (Sell, A. 12C, 155; 
MalychclT, Z. 18(19, 212); formed also by re¬ 
ducing p-nitro-toluenc suiphonic acid (Boilstein 
a. Kuhlberg, A. 172, 230). llliombohcdra (con¬ 
taining aq). llcduccs warm ammoniacal 
AgNOj. Its aqueous solution is turned red by 
FcjCl. (llerzfeld, D. 17, 904). 

Salts.—K A'.—Ba .\'.j aq.—PbA’j. 

Amide. — C„H 3 Mo(NHJS 03 NH 3 . [164°]. 
From C,H.,MefNO.,).SO.,NH 3 [18(i°] by reducing 
with Nil.,, and II,S (Heilter, A. 221, 209). Salt: 
C.H,Me(NU 3 Cl)S' 03 Nn.,; converted by cone. IlCl 
and nitrous acid into C„H,MeCl.S 0 . 3 NU 2 [138°]. 

p-Amido-tolueue sulphonic acid 
C.B,,Me(NH..)S 03 ri [1:4:3]. S. 10. 

Preparation. —1. By sulphonating p-tolui- 
diue at 180° ; tho preceding acid is also formed, 
especially if the operation is protracted (Pech- 
mann, A. 173,195). - 2. By heating p-toluidino 
acid sulphate at 220°-240° (Nevilo a. Winthcr, 
C. J. 37, 632). 

Properties. -Yellowish crystals. Less soluble 
in cold water than tho o-compound. 

Reactions.-1. Bromine forms much di- 
bromo-toluidine, C„nj(CH 3 )(NHj)BrBr [l:l;3:i5], 
[73°] and also a bromo-toluidine sulphonic acid. 
2. Water at 180° forma p-toluidinc and H.SO,.— 
8. Potash-fusion gives p-oxy-benzoic acid. — 
4. Nitrous ether gives m-toluene sulphonic acid. 

S al ts. -liaA'.; 3 aq.-PbA' 32 aq. -AgA'.-The 
K salt is insol. in cold KOHAq (difference from 
preceding acid ; Schneider, Am, 8 , 274). 

Amido-toluene-o-sulphonio acief 
C.H 3 Me(NHJ(S 03 H) [l:a::2]. S. -34 at 22°. 
From the (1,4, 2) acid by nitration, removal of 
NHj, and reduction (Pagel, A. 176, 305). - 
BaA'jff’.aq.—PbA'jaq. 

Amido-toluene sulphonic acid. Obtained by 
reduoingihe product of successive splphonation 
and nitration of toluene (Hayduck, A, 177,67).— 
Minute crystals (containing aq).—BaA',. 

o-Amido-tolucnc di-sulphonic acid 
OANS,0, U OJH,Me(NHJ(SOjH), [1:9:8:6]. 


thTolMint di-tuUKonia aetd. Formed from 
C,H,Me(NH 3 )SO,H [1:2:6] and fuming H^SO, by 
heating an hour at 160° (Nevilo a. Winther, C.J. 
41, 421). Needles, grouped in stars; sol. water 
and alcohol. 

Salts (H.Hasse, A. 230, 287).—BaA"3aq.— 
BaHjA''2 35aq. — K3A"2aq. — Na3A"6aq. — 
CaA" 5aq.-PbA" 2aq.—Pbll ^"36 Jaq. 

Reactions. —1. By conversion into the 
diazo compound and subsequently boiling with 
HNOj it is converted into cU-nitro-o-cresol 
C.H 3 Mo(OH)(N 0 . 3).3 [l:2:3:5].--2. At about 240° 
it splits up into SO. and C„H,Me(NHJ(SO,H> 
[1:2:5].—3. By Cl.SOjH at 230° it is changed 
into an isomeric acid with a salt EjA" 6 aq. 

o-Amido-toluene disulphonic acid 
C„H.,Me(NII..)(S 03 H), 32 aq [1:2:4:*]. From. 

C„H;,Me(NH 3 )(S 03 H) [1:2:4] and CISO.H at 170° 
(Saworowicz, B. 18, 2181). Minute prisms.. 
At 300° it decomposes into SO, and 
CAMc(NH.,)SO,H[l:2:4]. SaltB.-BaA"2aq.— 
CaA" 2aq. 

m-Amido-tolnene disulphonic acid 
O.H.Me(NH.)(SO,H), [1:3:2:*]. By sulphona- 
tion of m-toluidine (Lorenz, A. 172,188). Easily 
splits up into SO, and the mono-sulphonic acid. 

Salt s—Ban.,A".,(?12|) aq.-PbA" 2aq. 

p-Amido-toluene-disurphonic acid 
C„n,Me(NII.J(SO,II)., [1:4:2:3]. From p-tolui- 
dine and fuming HjSO, at 200° (Pechmann, A. 
173,217). Nodules; v. e. sol. water and alcohol. 

Salt.- BaA"3aq: laminre. 

7 >-Amido-toluene-disulphouio acid 
OJI,Me(NH3)(SO,H),2,!aq[l:l:2:.r]. Formedfrom 
CXMc(NH.,)(SO,H) [1:4:2] by ClSO,H at 160° 
or fuming H.,SO, at 180° (L. llichter, A. 230, 
331). Long silky needles, v. sol. water, sol. 
alcohol. At 290 it splits up into SO, and 
C,H,Me(NH.,)(SO,H) [1:4:2]. 

Salts. — BaA"aq. — Ban,A",l^aq. — 
BaH.,A".,^aq.—K.,A"2aq. —PbA" 1 Jaq. 

p.Arafdo-toluone-disulphonic acid 
C„H,,Me(NlI ,)(SO ,11) .2aq [1:1:3:*]. Formed from 
C,.H'Me(NH)(SO,H) [1:4:3] and H,SO, or 
C1S6;,H (L.'ltiohter, A. 230, 314). Mass of 
minute needles (from water). With water at 140 
(or dry at 200") it splits up into SO, and 
C„H;,Me(NH,)(SO,H) [1:4:3]. This acid is perhaps 
identical with that of Pechmann. 

Salts.—BaA"3aq.—BaH.,A",3aq.—K,A"2aq. 
-PbA".—PbA"2aq. 

Diazo derivative ”C,H 3 Me(N,SO,)"SO,H. 
V. sol. water,insol. alcohol. KA'.—BaA',.—PbA',. 

Hydrazine derivative. —From the diazo 
acid by SnOl,. 

(C.H.,Me(N.B,)(SO,H)SO,).,Ba2iaq. • 
Beduccs HgO, ammoniacal AgNO„ Fe,Oi, and 
Fehling solution. 

Amido-tolucAc di-sulphonic acid 
C„H.dNH.,)Me(SO,H),(?2)aq. Fromp-bromo-tolu- 
ene disulphonic acid by nitration, and rednetioa. 
of the resulting nitro-toluene disulphonic acida 
(Kornatzki, A. 221, 198). 

Bi-amido-toluene c*o-suIphonlo acid • 
C,H,.N,SO,i.«.C,H,(NH,),CH,80,H. DUmiio- 
benzyl-sulphonic-actd. Formed by reducing; 
C„H,(NO.,).,CH,SO,H with NH, and H,S (Mohr,. 
A. 221,228). Silky needles. 

Si-amido-toluene sulphonic acid 
C.H,Me(Naj,SO,H [1:2:4:6]. Formed from 
C,H;Me(NOj(NHJSO,H and SnCl, (Foth, A. 
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380,809). Sm*U biovnish prisnui, rbomboliedra 
(from water). Salts.—HA'HOl aq; prisms, de- 
-composed by boiling water.—HA'HBtaq.— 
SaA\ 6 iaq.—KA' aq. 

o-AMIDO - lOLUENE ■ THIO - SOIFBONIC 

ACIB 0,H,NS A 0 ,H,Me(NH,)SO, 8 H [1:2:4]. 
Prom 0^,(N0.;)MeS0.jCl and ammonio sulphide 
(Iiimpricht a. Paysan, A. 221, 360). Pour-sided 
prisms. Decomposes without melting at 116°. 
81. sol. cold water, insol. sdeohol. Warmed with 
HCl forms S and toluene sulpbamine. Salt.— 
AgA'. 

p-Amido-toInene thio-snlphonio acid 
AH,(NHJMe.SO,SH [1:4:6]. i^’ormed from 
■C„H,(NO,)MeSO..Cl [44°] and ammonic sul¬ 
phide (Limpricht a. Uefiter, A.221, 3-16). Hard 
yellowish prisms (from water). Decomposed at 
120° without melting. Insol. alcohol or ether, 
-si. sol. water. Decomposed by HCl with dcj>osi- 
tion of S and formation of CsHj(NHj)MeSOA 

Salts: BaA '2 2aq.—AgA'. 

Di-amido-toluene tbiosulphonic acid 
•C,H„ASsOji.c.CA(CH,)(Nn,)^SO.,SH. [162°]. 

Formation. —1. By reduction of di-nitro- 
tolucne-Eulphonic chloride with NH iHiS.—2. By 
reduction of di-nitro-toluene sulphinic acid with 
NH,HS. Small silky prisms. V. si. sol. water, 
insol. alcohol and ether. 

Salts.—A'Ag: white insol. pp. -A'Na: largo 
tables—A'jPb: easily soluble (I’erl, B. 18, 67). 

AMIDO-IOIUIC ACIDS C,H.NO.,. Amido- 
tolnylic acids. 

(aj-amido-o-toluio acid CAMe(NH.JCO.A 
[1:4:2]. [196°]. Formed by reducing (o)-nitro- 
o-toluic acid (Jacobsen, B. 17, 164). Small 
prisms, v. sol. hot alcohol, and hot water, si. sol. 
cold water. Converted by nitrous acid into 
ozy-toluic acid [172°]. 

(fl)-amido-o-toluio acid C,HjMc(Nn 2 )C 0 jH 
[1:6:2] [191°]. Formed by reducing ( 8 )-nitro- 
.o-toluic-acid (Jacobsen, B. 16, 1969; 17, 164). 
Small needles, v. sol. cold water. Converted by 
nitrous acid into oxy-tolnic acid [163°]. 

( 7 )-amido-o-tolaio acid C,H» 8 Ic(NHj)COjH 
[1:6:2]. [163°] (Hoenig, B. 18, 3449); [o. 
166°] (J.). 

Formation.—1. By reducing (-yj-nitro-o- 
toluieacid.—2. Byheatingnitro-phthaiide[141°] 
with HI and P at 205°. Colourless needles; 
may be sublimed, but at 200 ° it splits off CO, 
forming »t-toluidine. V. sol. hot alcohol, m. 
sol. hot water and ether, si. sol. chloroform, 
benzene, and cold water. Nitrous acid produces 
-ozy-toluic acid [179°]. 

Salts: HA'HCl: slender needles.—sCaA',, 
—HA'HJPO,: plates. 

Amido-m-toluic acid C,HjMc(NB[j)COJH 
[1:4:3] or [1:4:6]. 

^m^immtation. —1. The hydr(|:hloride is ob¬ 
tained by warming methyl-isatoio acid with 
BCIAq (Panaotovid, J. pr. [2] 33, 61).—2. The 
same acid is got from m-toluic acid by nitration 
and reduction (Jacobsen, B. 14, 2364; compare 
Pana«tovid, loc. cit.). 

Properties. —Trimetric, thread-like rods (from 
water). SI. sol. water, v. sol. alcohol and ether. 
:Salt: HA'HCl. [207°]. Colourless trimetrio 
;prisms; m. sol. water and alcohol, si. sol. ether. 

Methyl ether C,H 3 Me(NH,)CO,Me. [62°]. 
Prom methyl-isatoio acid and MeOH at 180°. 
Slender columns; si. sol. water. 


Am<<lsOAMe(NH,)CO.NH,. [178°]. Pram 
methyl-isatoio aoid and NH,Aq. Small oalumni 
(from water); v. sol. alcohol. 

Anilide 0,H,Me(NH,)CONPhH. [240°]. 
Pearly tablets (from alcohol); v. si. sol water. 

PhenyUhydrazide C,H,Me(NH,).CO.N,H,Ph. 
[198°]. From methyl-isatoio acid and phenyl, 
hydrazine. Pearly crystals (from alcohol); y. 
si. sol. water. Forms a violet solution with 
cone. HjSO,. 

( 8 )-Amido-tolnioacidC.H 3 (CH,)(NHJ(CO,H) 
[1:2:3], [132°]. Obtained by nitration and 

reduction of m-toluio aoid (Jacobsen, B. 14, 
2354; compare Panaotovid, J. pr. [2] 33, 61). 
Small flat prisma; m. sol. water. 

Amido-m-toluic acid. Benzoyl derivO' 
live CgH 3 (llHBz)MeCO.,H [6 or6:l:3]. Formed 
by oxidation of benzoyl iso-cymidine (Kelbe a. 
Warth, A. 221, 168). Small yellowish needles 
(from alcohol). 

DI-AMIDO-DITOLYI 

Di-amido-ditolyl 

[4:3:1] (NiyMeCA.C.H 3 Me(NH,) [1:3:4]. o- 
Tolidine. [112°]. 

Formation. —1. By passing 01,0 into an 
ethereal solution of o-hydrazotolucne (Petrieff, 
B. 6 , 667).—2. By heating o-hydrazo-toluene 
(Petrieff, B. 6 , 667).—3. By heating o-hydrazo- 
toluene with HCl (Schultz, B. 17, 467).—4. By 
warming an alcoholic solution of o-azo-toluene 
with SnCl, and HCl (S.). 

Pearly plates; v. sol. alcohol and ether, si. 
sol. water. Converted by diazo reaction into m- 
ditolyl. Converted by boiling its diazo-perbro- 
mide with alcohol, into a di-bromo-ditolyl, which 
oxidises to bromo-m-toluio acid [1:2:4], [205°]. 
Salts.—The sulphate and hydrochloride are 
sparingly soluble in water. • 

Acetyl derivative C„Ii„Me.,(NAcH)r 
[316° cor.] 

Di-amido-ditolyl. m-Tolidine. 

The sulphate, B"H 2 SO„ separates slowly 
when a few drops of H,SO, are added to an 
alcoholic solution of m-hydrazotoluene (Gold¬ 
schmidt, B. 11, 1626). 'Tlio free base has a low 
melting-point. Gives a blue colour with Fe,Cl,. 

‘Di-amido-ditolyl.’ [107°]. Formed by the 
action of SO, or of SnCi, and HCl upon an 
alcoholic solution of p-azo-toluene (Melms, B. 
3, 654 ; Schultz, B. 17, 472), Silvery plates. 
Gives a blue colour with Fe,Clj. Fischer (B, 
26, 1019) has shown this body to be tolylene- 
tolyl-diamine. 

Di-amido-u-ditolyl 

[4:3:1]. (NH,)MeC.H,.C.n,Me(NH,) [1:2:4] 7 

o-m-Tolidine. Formed by the action of 
SnCl, and HCl on an alcoholic solution of 
o-m-azo-toluene. By diazotisation in alcoholic 
solution it is converted into a ditolyl of boiling 
point 270° which on oxidation gives isophthalio 
acid. • 

Salts.—B"H,C1,: easily soluble silky needles. 
—B"H,S 04 ’‘ : very sparingly soluble plates 
(Schultz, B. 17,471). 

ahido-ioxti-bbnzauidine c„h„n, u 

NH,.CAMe.NH.C(NH).C.H, [212°]. From ben- 
zonitrile and (l:2,4)-tolylene-diamine hydro¬ 
chloride (Bernthsen a Trompetter, B.€l, 1768). 
While ne^les.—B'HCl: prismatic tables. 

AKIDO-TOlYIrlSO-BUTAJIB 0„Il,rN it. 

0,H,Me(OA)NB, [mSJ. (248°). From o- 
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lafr 


Mnidine ui4 laobniyl alaobol (Efiront, B. 17, 
2320). Salts.—B'HCl.-B'HBr.-B'ASO,— 

B'ACA• 

Acetyl derivative [162°]. Plates. 
Beneoyl derivative [168°]. Needles. 
Amido-tolyl-isoliutane C|,IIjMe(0,II,)NH, 
[1:3:2]. (241°). From o-tolaidinc, isobutyl alco¬ 
hol, and ZnClj (Erhardt, B. 17, 419; Ellront, 
B, 17, 2340). Formyl derivative [105°]. 
Acetyl derivative [142°]. 
o-AMIBO-TOLYl-ETHANE C,H, 3 N i.e. 
0,H,Me(NHj)Et (230°). Methyl-clhyl-phenyl- 
aviine. Amido-ethyl-toluene. From o-toluidine, 
alcohol, and ZnCl., at 270° (Benz, B. 16, 1650). 
Salts.—B'ASOj.-B'jHAO,. 

Acetyl derivative [106°], (314°). 
DI-AMIDO-DI-TOLYI-ETHyLENE DIA- 

niNE V, PI-ToLYLENK'KTUYLENE-TICTIU'AMINE. 

AMIDO - TOLYL MERCAPTANS C,HjNS. 
Amido4hio-cresols. Amido-tolyl sulphydratc. 
Prepared b; reducing the chlorides of the cor¬ 
responding nitro-toluene sulphonio acids (Hess, 
B. U, 488). 

Amido-o-tolyl mercaptan C^nsMe(NH 2 ).SH 
[1:4:2]. [42°J. Sol. alcohol, other, alkalis, 

and acids; oxidised by air. 

Salt.—B'IICl: prisms or tables. 

Acetyl derivative[V^b°]: slender needles; 
insol. HCl. 

Amido-m-tolyl mercaptan CflnjMe(NH 2 )SH 
[1:4:3]. Oil; oxidised in air gives with HgCl^ a 
white crystalline pp.; with Pb(OAc )2 a yellow 
amorphous pp. Gives anhydro compounds with 
formic acid, acetic anhydride, and benzoyl 
chloride. 

Amido-p-tolyl mercaptan CaH,Me(NH. 2 )SH 
*[1:2:4]. Oil. Oxidised by air to the disulphide, 
bait.—B'HCl: short needles. 

Acetyl derivative [240'^]. 

Amido-tolyl mercaptan CJl 3 Me(NH 2 )SH 
[1:2: ?J From o-nitro-toluene sulphochlorido 
[86°]. Oil. 

Salt. — B'HClaq: six-sided tables. Gives 
with Fe^CIfl a pp. of the disulphide. HgCl, 
gives glistening plates, and alkaline lead acetate 
gives a yellow pp. 

AMIDO-TOLYL METHYL KETONE C,H„NO 
f.«. [1:2:5] C,H3(CH.,)(NH.,).CO.CIL, [102°]. 

(280°-284''). Prepared by heating a mixture 
of o-toluidino (1 pt.), ZnCl, (2 pts.), and acetic 
anhydride (3 or 4 pts.), for 8 or 9 hours (Klingel, 

B. 18, 2696). Flat white needles. V. sol. 
alcohol, other, and hot water, v. si. sol. benzene 
and petroleum-ether. Salts.—B'HCl: flat 
white soluble prisms.—B'^H-jCljPtCl,: yellow 
needles, v. sol. alcohol, si. sol. hot water, in- 
golubie ether.—B'-^LSO*: white needles. 

Acetyl derivative 

C«H:,Me(CO.Me){NHAc), [144°]; white crystals; 
T. sol. alcohol and warm water. 

AMIDO-TOLYL.(c<o)-DIMEThA.PYEKOE 

C, NH 3 Me,C.H.NH 3 . [73°]. (322°). Obtained 
by heating its dicarboxylio acid [v. infra). 

m - AMIDO. TOLYL - (aa) - DI-METHYL-PYR- 
EOL (83)-DICARB0XYLIC ACID 0|,H„NjO, i.e. 
C,NMa,(C,H.NH.,)(C 03 H) 3 . From m-tolylene 
diamin% and diacetyl-euccinio etbdr (Enorr, A, 
236, 813). Yellow plates (containing 2aq). At 
203° it gives CO, and m-amido-tolyl-(ao).di- 
methyl-pyrtol. Ether Et,A" [134°]. 


AHIDO-XOLYI-OOTAlfE a,H„N U 
C,H,Me(NHJO,H„. [325°]. From n'-octyl alco¬ 
hol, o-tolnidine, and ZnCI, at 280° (Beran, B. 18, 
145). Salt8.-B’HC1.—B’,H,SO,.- B'AC,0.. 

Acetyl derivative [81°]. 

DI-AMIDO-DI-TOLYL-OXAMIDE v. OxaiyU 

DI-TonYLENE-TKTBi-AMINE. 

AMIDO-TOLYL SDLFHYDHATE v. Amoo- 

TOOL MERCiPTiN. 

DI-AMIDO-DI-TOIYL SULPHIDE 

0„H„N,S i.e. (C,H,MeNH,),S [1:4:2]. Tliio- 
tohiidine. [103 ’]. Prepared by heating p-tolu- 
idine, sulphur, and litliarge together at 160° 
(Merz a. Weith, B. 4, 393). I,amines (from aloo- 
nol); si. sol. water. 

B alts.—Decomposed by water.—B"2H01 si. 
sol. cone. HClAq. B"H..l’tCl.. —B''H.SO,.— 
B"H,SO,2aq. - B''II.,Br,. — — 

B"(C„H,(NO,,),OH), [179"J: silky yellow needles 
(from benzene); v. si. sol. ether and cold water. 

Diacetyl derivative [211°]. 

Dibeneoy I derivative [186°] (Truhlar.B. 
20, 664). 

Di-amido-di-p-tolyl sulphide r-carbozylie 
ether S(C,H,Mfi.NH.CO,Et),. Thio-p-tolyl 
urethane [113°]. From the preceding and 
ClCO,Et. Crystals; v. sol. alcohol, ether, and 
benzene (T.). 

AMIDO-TOLYL-UEEA C,H„N.O i.e. 
NH,.CO.NH.O,H,Me.NH,. Formed, in small 
quantity, by the action of tolylene diamine 
sulphate on potassium oyanate (Strauss, A. 
148,159). V. sol. alcohol. 

Di-amido-di-p-tolyl-urea CO(NH.C,H,.N^r 
Formed by reducing the corresponding nitro¬ 
compound (A. G. Perkin, G. J. 37, 700). Minute 
satiny needles; si. sol. alcohol.—B" 2JIC1. 

AMIDO-TYSOSINE C.H„N,0, i.e. 
C,H,(OH)(NH,).C,H,(NH,).CO,H. From nitro- 
tyrosine (Beyer, Bl. 1867, ii. 369). Crystalline 
powder : V. sol. water, si. sol. alcohol. 

SaltsB"n .Cl,aq.—B''H,SO,.—B"2H,SO,. 
—(B"H,,SO,)-ZnS'0,. 

AMIDO-UBAMIDO-BENZOIO ACIDS 
C,H,N,0, t.c. NH,.CO.NH.C„H,(NH,).CO,H. 
Prepared by reducing the two nitro-uramido- 
benzoie acids (Griess, B. 5,195). 

(a)-Acid. Plates; si. sol. water, v. si. sol. 
alcohol. Salts.—HA'HCl.—AgA'. 

(3)-Acid. Plates; m. sol. hot water. Forms 
no hydrochloride. Boiling aqueous baryta or 
IICl forms NH, and amido-oarboxamido- 
benzoie acid, of which the barium salt, 
BaiC.H.N .OJ .daq crystallises in needles. 

(o) - AMIDO - DVITIC ACID C,H,NO, ».«. 
C,H,(NH,)(CH,)(CO,H), [2:l:3;i;] (?). Colourless 
solid, si. sot. water. Prepared by reduction of 
(a)-nitro-ovitio acid (Bottinger, B. 13,1933). 

(8)-Aniido-u*vitio acid [o. 255°] (jifrtaB|ef, 
B. 9, 807). 

AMIDO-VALEEIC ACIDS C,H„NO,. 

o-Amido-n-valerio acid 
OH,.CH,.Cn,.CH(NH,).CO,H. 

Formation. —1. From n-hutyric aldehyde- 
ammonia and aqueous HCN (Lipp, A. 211, 359). 
2. From its benzoyl derivative which occur, 
among the products of oxidation of benzoyl- 
coniine (Baum, B. 19, 606).—3. From bromo- 
valeric acid and NH,Aq at 130° (Juslin, Bl. [2] 
87, 3). 
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B***^”*,?'****! T- »0l, 
*T^' alcohol, insol. other; may be 

•ubUmed. Has a sweet taste. Is optioallj in- 
ftOtiTe. Neutral to litmus. 

Salts* — HA'HOl: needles or groups of 
pn^s; only deliquescent in very moist air. 
-HA'pO,.- (HA'HCl),PtCl.. - CuA',: email 
nine plates, el. sol. water, insol. alcohol.—AgA': 
srystalline pp., si. sol. water. 

7 -Amido-valeric acid 

DH,.CH{NH,).CH,.CH.,.cAh. ri93‘> uncorr.]. 
Obtained by reduction of the phenyl-hydrazide 
of fl-aceto-propionic acid— 
OH,.C(N 2 HPh).CH.;.CH;..CO.H in alcoholic solu> 
tion with sodium amalgam and acetic acid (Tafel, 
fl. 19,2416; 20,249). White plates. V. sol. water, 
nearly insol. alcohol, insol. benzene and ether. 
On heating it splits off H.O and the anhydride 
distils. The hydrochloride forms glistenin 
plates, easily soluble in alcohol. 

Anhydride ) Ox„. 

methyl-pyrrol di-hydride. (248 ’ i.V!) at 743 mm. 
colourless liipiid which solidifies in a freezing 
mixture. V. sol. water, alcohol, ether, and ben¬ 
zene. Its nitrosamino is a yellow oil. 

a-Amido-iso-valeric acid 
(OH,)2CH.CII(.\JI,2).COjr. 

Fonnation. —1. From NH, and a-bromo-iso- 
valeric acid (Caliours, A. Stippl. 2, 83 ; Fittig a. 
eSark, A, 139, 199; Schmidt a. Sachtleben, A. 
193, 105) or a-chloro-iso-valcric acid (Schle- 
buMh, A. 141, 32C).-2. From its nitrile (Lipp, 
A. 205,181 H. 13, 906;. 

Fropcrfics.—Colourless lamime, composed of 
minute monoclinic prisms; v. sol. water, v. si. 
sol. cold alcohol or ether. Neutral. May be 
sublimed. 

Salts. — HA'HCl; large tables, not deli¬ 
quescent in moist air.—HA'IINO,. —CuA' ; 
scales, si. eol. hot water. — AgA’; spherical 
groups of crystals, v. si. sol. water. 

Amide Me 2 CH.CH(NH 2 ).CO.NH 2 . Thehy. 
droohloride, got by action of fuming HCl on 
the nitrile, forms monoclinic plates, v. sol. water 
-(B'HCl) 2 PtCl,: prisms. 

Nitrile Me 2 CH.CH(Nn 2 ).CN. From iso- 
butyrio aldehyde - ammonia and HCN (L.). 
Yellow oil; m. sol. water, v. sol. alcohol and 
other; gradually changes to imido-di-valero- 
nitrile,NH(CfIFr.CN) 2 ,givingoffNIL, Salts.— 
B'HCl: insol. ether.—(B'HC^jPtCJ,. 

j8-Amido-iso-valeric acid 
(CH,) 2 C(Nn 2 ).CH 2 .C 02 Haq [o. 216»]. 

Formation.— 1 . Amongtheproduotsofoxida¬ 
tion of the sulphate of diacetonamine (Heintz, 

A. 198, 61).—2. By reduction of B-nitro-iso- 
T alerip aci d (Bredt, B. 15,2321). 

' i VwJJe, tics. - Crystalline poitdcr; begins to 
sublime at 180’. V. e. sol. water, si. sol. alcohol, 
insol ether. 

Salts.—HA'HCl aq ; needles, [o. 120'’1.— 

• ^“8® crystals.— 

^8^ .^(AgA'),AgNO,aq. 

^do-valeric acid CACNHJO.^. Found 
in tne raatcles of the sprouting lupin seeds. It 
occurs along with amido-pbenyl-propionic acid, 
from which it may be separated by virtue of the 
gmter solubility of its copper salt fSchulae a 
Uarbieri, /. pr. [2] 27, 362). ' 


, JVqwrttsfc ^ Slitts^ plates, resmhlini 
leno^e (from ^oohol). 'TOen heated, a vfoollj 
substance Bubiimes.out of it. Gms no pp 
with ouprio hydrate or acetate (differenoo from 
leuome). Salt.-HA'HCl: deliquescent prisms, 
CmsMutwn. — Probably identical with 
iiipp s o amido-n-valerio acid (A. 211 , 364). 

Amido^aleric acid. Occurs in the pancreas 
of oxen (Gorup-Besanez, A. 98, 16). Prisma; 
T. si. sol. alcohol (differenoo from leucine). The 
hydrochloride forma slender deliquescent 
needles. An amido-valerio acid was found by 
bchutzenberger {A. Ch. [6] 16, 283) among the 
products of the decomposition of albumen bv 
baryta-waler. ^ 

AMIDO-VERATEIC acid V. di-methyl-di. 

OXT-AMlnO-BENZOIO ACID. 

AUIDOXIMS. Oxy-amidincs, Oxy-imid- 
gamides. The oxims of amides, the general 
formula being B.C(NOH).NHj. 

Formation -—1, By action of hydroxylamine 
uponnitriles: R.CN + N(OH)H 2 = E.C(NOH).NH 2 . 
2. By heating the thio-amidos with alcoholic 
solution of hydroxylamine (Tiomann, B. 19,1668): 

E.CS.NH2 + IL.NOII = ll.C(NOn).Nn., + H^S. 

Propertics.— Hie amidoxims combine with 
acids ; they also contain hydrogen displaceable 
by metals. 'The acid salts of the allcalino 
metals, liC(NOK).NH 2 ,liC(NOH).NH 2 crystallise 
ivell. The stability is increased by the presence 
of olcctro-negative substituents; thus, nitro- 
benz-amidoxim can be reduced to amido-benz- 
amidoxim without destruction of the amidoxim 
group. 

F there .—E.C(NOF,t).NH 2 . These arc formed 
j by the action of iodide of ethyl (or of other.alkyls) 
upon the alkaline salts, such as E.C(NOK).NIL 
They arc bases. 

Iteactions. —-I. Split up by treatment with 
aoids or alkalie into NH,, hydroxylamine, and 
the oorrespondingacid: E.C(NOH).NH, -y 2H.,0 =. 
E.CO.OH + H. 2 NOH + NH.,, 'This reaction takes 
place most readily with methenyl-amidoxim 
(isuretine) and ethenyl-am idoxim, while bonzenyl- 
amidoxim requires long boiling with IICl before 
it IS decomposed. In this saponification of 
amidoxims the amide seems to be first formed • 
E.C(pH).NH2 + HjO = E.CO.NH., + HjNOH.-il. 
Xhe nydrochlorides arc converted by soditifn 
trite into amides: E.C(N0II).N1LHC1 + NaNO,= 
E.CO.NH,+ NaCl + N.,0 + HjO.-3. They com¬ 
bine with phenyl cyanate forming bodies called 
uramidoxims; e.g.: Ph.C(NOH).NH. + PhNCO- 
Ph C(NOH).NH.CO.NHPh.-4. Chlorides of acid 
ra^leSf E'.CO.Cl, form alkoyl derivatiyes, 
E.C{N.O.CO.E').NHj, which can split off water 
forming azoxima E.C<^^O^CE. These 

azoxims, although of high boiling point, are 
extremely volatile in the vapour of other 
liquids, evQU ether.—6. Dibasic organic 
anhydrides give rise to carboxylic acids of 
azoxims, e^.-. E'.C(NOH).NH,-hE"<^>0- 

B'.C<^ ®>0.E".C02H + H,0.-6. Chlorofomm 

0* composition 
E.C(NH 2 ):NfO.COjEt. —7. Carbonyl . chloride 
giyes carbonyl-di-oxima, (B.C(NH,):N.O),CO.— 

8. Chloral forma crystalline addition-produota. 
Be/orencea.—Tiemann, B. 18, 1060, 3466, 
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19, 1475. AmUoxiioi ua desori^ed u 

PoBXiMZSOXIlf, ExESKTL-lMIIK>XnC, HsxojunD* 
OXIH, BBNZiUlOOZnC, OiNNAumoziu, Tolctahid* 
OXIK, BSNZAtfIDOXUI CABBOXYUO AOIZ>, NzTB 0*B2NZ« 
AlODOXltf, ^0. 

AMIDO’XTISKB v. Xylidikb. 

jBaJO-Amido-xylene Cn,.C„H..CH^.NHj [1:3?]. 
(196°). From CHs.C^Hi.CHaCl and alcoholic 
NH, (Pieper, A. 151, 120). Oil. Salts.— 
B'HCl [185°].—B',II,PtCl8. 

Exo - Amido -p - xylene OHa.OjH 4 .CH 2 .NHj 
[1:4], From CH 3 .CjH 4 .CS.NH 2 , tin, and HCl 
(Paterno a. Spica, B. 8 , 441). 

di-Amido-zyiene v . Xylylekz diamine. 

tri-Amido-xylene CjHiaN, i,e. CeHMcj(NH 2)3 
[1:3:4:6:2]. Formed by reducing tri-nitro-w-zyleno 
[177°] (Greving, B. 17, 2427). White noodles 
which may be sublimed. 

AHIBO-XTLENB-SOIPHONIC ACID 
OaH.iNSOa. 

Amido-zylene snlphonio acid 
C,H.(NH2 )Mc 2S02H [4:1;3:G]. S. -276 at 0°; 
•735 at 100°. From (l,3,4)-xylidino and H 2 S 04 
or from nitro-w-xyleno sulphonio acid (Jacob¬ 
son a. Ledderboge,1C, 193), Salts.—NaA'aq 
and KA' aq form large trimetrio tables. —BaA'j aq: 
minute noodles, v. sol. water.—BaAVJa<i (Sartig, 
A. 230, 334; Nolting a. Kohn, B. 19, 137). 
Diazo compound 0jn2Me2N2SO3: plates. 

Amido-p-xylene sulphonic acid 
0 jH 2 Me 2 (NIl 2 )(S 03 H) [1:4:6:2]. From p-xylone 
sulphonic acid by nitration and reduction (Nol¬ 
ting a. Kohn, B. 19,143). Needles (with aq); 
si. sol. cold water. Its salts arc easily soluble. 
Does not give xyloquinono on oxidation. 

Amido-p-zylono sulphonic acid 
CjH 2 Me..(NH 2 )S 03 H [1:4:2:5]. From amido-p- 
xylene and fumjpg H 2 SO 4 or by heating its acid 
sulphate at 230°. Iteadily oxidised by CrOg to 
xyloquinono. Salls.---NaA': phite.s, v. sol. 
water.—BaA' 27 aq(NoUing,B. 18,2004; 19,141). 

Di-amido-xylene sulphonic acid 
CjHMo. 4 (NH 2 ) 2 SOgH [1:3:0:?:4]. From nitro- 
xylidine sulphonio acid and ammonium sulphide 
(Limpricht, B. 18, 2190; Sartig, ^. 230, 313). 
Fawn-coloured prisms, si. sol. water, insol. alco¬ 
hol. Fo-jCljColours the solution wine-red. Salts: 
BaA'j 3 iaq.—K A' aq.—PbA'j. -H A'llCl aq. 

AMIDO-m-XYLENOL OjH„NO i.e. 
C,H 2 Me 2 (NH 2 )(OH) [l:3:a*:y]. [161°]. Got by 

reducing nitro-xylenol(Pfaff, B. 16,1137). White 
glistening crystals. Salt: B'HCl: plates. 

Amido-p-xyleaol C,jH 2 (CHs). 2 (NH 2 )(OH) 
[1:4:3:6]. [242°]. White scales. Formed by 
reduction of nitroso-p-xylenol (phlorone-oxim) 
with tin and HCl (Goldschmidt a. Schmid, B. 
18,670; Sutkowski, B. 20, 979). CrO, oxidises 
it nearly quantitatively to phlorone. 

Salt: B'HCl: white crystals. 

AUINES. An amino is a body obtained by 
displacing hydrogen in ammonia by one or more 
alcohol radicles. They may be mvided into 
mono-, tri-, and tetra- amines according as 
it is considered that their molecule is derived 
from one, two, three, or four molecules of 
ammonia. Monamines are spoken of as primary, 
secondary, or tertiary, according as one, two, or 
t^ee of the atoms of hydrogen in th9 molecule 
of ammozua is held to have been displaced by 
one or more alkyls. If part of the hydrogen 
liaa been Replaced by an acid radicle (aikoyl) 


and part by an aloohdlio tadide (alkyl) the 
product may be viewed either as an amide or as 
an amine, thus KMeAcH may be called methyl- 
acetamide or acetyl-methylamine. In this 
dictionary the latter name will be used, such 
derivatives being described under the aminos 
from which they may bo hold to be derived. 

' Fatty aminos are amines in which the nitro- 
! gen is attached to carbon that docs not form 
! part of a ring; aroin;}tic amines are bases in 
1 which the nitrogpn is attached to carbon in a 
benzene nucleus. In addition to these there are 
I amines, such as pyridine and quinoline, in which 
i the nitrogen itself forms part of a ring, and also 
I others in which the nitrogen is united to carbOQ 
' in rings other than that peculiar to benzene. 

Formation. —1. By llic action of ammonia 
on tlie ethers of inorganic acids. The iodides, 
bromides, and chlorides of fatty, but not of 
aromatic, alkyls, combine witli ammonia and 
with the amines (Hofmann, T. 1850, I. 93; 
1851, ii. 307): 

NH3 + EtI = NElII.,I 
NEtllj + EtUNEtiijI 
NEt 2 n + EtI = NEt;iU 
NEt3 + EtI = NEt,I. 

The fatty alkyl iodides also act upon the 
hydriodidcs of the amines, in presence of 
ammonia: 

NH 3 + NEtHjI + Ett - NEt,.H 2 l + NH 4 I 

NH, -v NEtiy+EtI - NEtjll + NH4I 
NH, + NEtjHI + EtI=NEt ,I + NHJ. 

It is therefore impossible to prepare a pure 
base by this method; metliyl iodide givea 
chiefly NMeJ, while ethyl iodide gives chiefly 
NEtllgl, but in the case of primary iodides, 
whatever proportions are taken, the entire series 
of salts is formed. Isobutyl iodide does not 
form tho quaternary iodide, secondary butvl 
iodide forms hardly any tri-butylamine,but only 
mono- and di-butylamine, while tertiary butyl 
iodide is split up by NH, into isobutylene and 
HI. NEtg at 100° splits up isopropyl iodide and 
! tertiary butyl iodide forming NEtjIII and oleflne 
; (Hofmann, B, 7, 613; Reboul, C. B. 93, 69). 
Secondary propyl, hexyl, and octyl iodides form 
only mono amines when healed with ammonia 
(Jahn, M. 3,165). In tho action of alkyl chlo¬ 
rides upon aqueous NH,, the h igher tlic molecular 
weight, the less primary amine is formed (Mal- 
bot, G. R, 104, 998). 

Ammonium iodide can be separated by its 
insolubility in alcoliol. The compounds NR,HI, 
NR. 4 H 2 I, and NRH,I are docoinpo.st‘d by KOHAq 
with formation of KI and NR,, NRjH, or NBBfi 
: respectively, while tetra-aikylated ammonium 
iodides are not affected. The following method 
may be employed in the preparation of fatty 
amines (Hofmana, B. 3, 776). The alkyl 
, ill, is heated with alcoholic Nil, at 100°; the 
product is filtered from NH,!, evaporated, and 
distilled with potash. NR 4 I remains behind. 
Tho distillate, dried by means of solid KOH, is 
cooled and treated with oxalic ether whi^h is 
! slowly added. The following reactions then 
occur: 

EtO.CO.CO.OEt + 2 NRH 2 « 
HRN.CO.CO,NRH + 2HOEI 
EtO.CO.CO.OEt tNEjE- 
EtO.CO.CO.NRg + HOBt. 

Tho roaotion is completed by heat, and the 
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tertiai; base, NB,, wbioh does not react with 
oxalio ether, is distilled off. The residue is well 
cooled and ^e solid di-alhyl ozamide separated 
from the liquid di-alkjl-ozamio ether by pressure. 
The latter is purified by washing with water. 
Boiling potash liberates the alkylamine from 
the di-alJryl oxamido and the di-alkyl-aniine 
from the di-alkyl-ozamio ether. 

When the halogen is situated in a benzene 
nucleus ammonia cannq^. effect its displacement 
by amidogen unless other chjorous groups are 
also present in the nucleus. Thus o- and p- 
ohloro-nitro-benzene (but not w-chloro-nitro- 
benzene) are converted into nitro-anilines by 
alcoholic NH., at 100°. 

Primary monamines may be prepared by 
acting with KOI! on the alkyl ammonium sul¬ 
phates (Morrison, Pr. K. 28, 093): 

MeNH ,SO. + 2KOII=K^SO, + MeNHj+2H,0. 

2. By boiling alkyl cyanates with potash 
(Wurtz, G. B. 28, 223), thus: EtNC0 + H.,0 = 
EtNHj+CO.^ Tho primary bases prepared by 
this reaction may be contaminated with secondary 
and tertiary bases. This occurs when the potas- 
sic cyanato used to prepare the alkyl cyanates 
contains cyanide (Silva, C. B. 64, 299). 

3. Similarly, from thiocarbimidcs and H^SO,; 
EtNCS + H,0 - EtNHj -s COS. 

4. By tho reduction of nitro compounds; 
ENO,+3 Hj=BNH2 + 2HjO. This reaction is 
chiefly used in the aromatic series, inasmuch as 
it is easy to prepare nitro derivatives of com¬ 
pounds containing a benzene nucleus. 

The following reducing agents may bo used: 

(o.) Alcoholic ammonium sulphide. The 
compound is dissolved in alcohol, saturated with 
NH, and HjS is then passed in. The solution 
is boiled, filtered from S, acidified, andevaporated; ' 
a salt of the base is then left: CJIsNO., + 3H.,S = 
0,H,NH, 2H,0 + S, (Zinin, A. 44, 283). This 
method is especially useful in reducing nitro- 
azo compounds which would give hydrazo com¬ 
pounds if reduced in acid solution. 

Substances containing several nitroxyls 
usually have only one of them reduced when 
treated in this way. 

(6.) Ziw dust may bo used either alone, by 
mixing the substance with it and distilling, or 
it may be used in conjunction with water or 
aqueous potash: Zn + 21(011 = K^ZnO, + IL. 

(c.) ferrous sulphate atid aqueous ammonia 
are used in reducing unsaturated and unstable 
compounds. 

(li.) Arsenious acid and NaOIIAq. 

(e.) An acid and a metal. For the acid, 
HClAq or HOAc is used’, for the metal, zinc, 
tin, or iron, is taken. Tin and HClAq give, as 
a mle, the best results. A mixture of zinc and 
tiH,is as effective as pure tin,„tor the zinc pps. 
the tin as fast as it dissolves. The amount of 
acid used may sometimes be very small; thus, 
in the preparation of aniline, the action seems 
to be: 

4C.,H,NO, + 4H,0 ♦ 9Fc = 4C,H,NH, + 3Fe,0,. 

(f.) Stannous Chloride. In reducing with 
SnCl, and HCl the resulting SnCl, sometimes 
chlorinates the product; thus o-nitro-toluene 
gives chloro-o-toluidine. The nitroxyls of poly- 
nitro derivatives may be reduced one by one by 
adding to their cold alcoholic solution the cal¬ 
culate quantity of BnCl, dissolved in alcohol 


saturated with HOL Intheoaseoldinitro-tolaeni 
0,H,Me(N0,), [1:2:4] the nitroxyl in the o posi. 
tion is first reduced, forming 0,H,Me{NH,){NOJ 
[1:2:4]; whilst alcoholic ammonium sulphidi 
reduces the nitroxyl in the p position, forming 
C|n,Me(NO,)(NHJ [1:2:4] (Anschutz a. Heusler, 
B. 19. 2161). 

{g.) Bydrie iodide solution, alone, or with 
addition of phosphorus. 

B. By the redaction of nitriles (Mendlus, 
d. 121, 229): CH,CN -s 2H, = CH,.CH,.NH,. 

The reduction is effected by Zn and dilut» 
H.80, but it is slow, and a great deal of nitrilo 
is saponified: OH,.CN + 2H,0 = CH,.CO,NH,. 

6. Primary bases are instantly formed whea 
carbamines are treated with acids: 

CH,NC + 2H,0 = CH,NH, + HCO,H. 

7. By boiling bromo-amides with aqueont 
NaOH. If bromine andpotash be simultaneously 
supplied to an amide, a potassium bromo-amide, 
X.CO.NKBr, is formed. If this compound be 
treated with silver carbonate, an alkyl cyanate i* 
produced: X.CO.NKBr = KBr + X.N.CO. 

When this cyanate is boiled with potash an 
alkylamine is formed (by Formation 2). The- 
two last stages may be performed simultaneously 
by boiling the potassium bromo-aiuide with 
aqueous NaOH. 

The operation is conducted as follows: 

Bromine is mixed with its equivalent of 
amide, and a 10 p.o. solution of potash is added 
tili tho colour of tho bromine has nearly 
disappeared. 

X.CO.NH, + Br, + 2KHO = 

X.CO.NKBr + KBr + 2H,0. 

Three equivalents of potash dissolved so as 
to form a 30 p.c. solution are now heated to 70° 
in a retort, and the first sqlution is added 
gradually through the tubulus. Finally the 
whole is distilled, and tho base collected in a 
receiver containing hydric chloride. A mixture 
of ammonium chloride and tho hydro-chloride 
of the base is thus got; they may be separated 
by alcohol, which docs not dissolve tho former 
(Hofmann, B. IB, 765). 

8. Amides can bo converted into amines 
by heating with alcohols: thus acetamide 
and ethyl alcohol give ethylamine acetate 
CH,.CO.NH, + HOEt = CHj-CO.ONEtH,, while 
ethyl-acetamide and ethyl alcohol give diethyl- 
amine acetate (Baiibigny, C. B. 95, 646). 

CH,,.CO.NEtH + HOEt = CH,CO.ONEt JIj. 

Sodium alcoholates act similarly (Seifert, B. 
18, 1355): 

X.NH.CO.Y + NaOB => X.NH.B NaO.CO.Y. 

9. From amido-acids by heating alone or with 
baryta: C,H,(NH.,)CO,H = C.H,NH., + CO,. 

10. From alcohols or phenols by displacing 
hydroxyl by amidogen. Ethyl and methyl 
alcohols give a little ethyl- and methyl-amine 
when heated with NH.CI at 300° (Weith, B. 8, 
459). Similarly, phenols produce small quanti. 
ties of amines when heated with NH,; this re¬ 
action takes place very readily in tlie naphtha¬ 
lene and anthracene series. Ortho- and para-, 
but not meta-, nitro-phenols are converted by 
aqueous ammonia into nitranilines (Merz a. Biz, 
B. 19, 1W9). The reaction takes place more 
readily when the alcohols are heated at 260° 
with the compound ZnCliNH, or CaCl,Nll, 
(Mera a. Weith, B. 18,1300; 14,2343; Merx a. 
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Oaelotowild, 63$; a.^ Baob; B,17> 

S084). AmmonlA-i^e'Cbloride converts phend 
into ftmllne; aniline-zino-chloride acting upon 
phenol gives di-phenylamino. $-naphthol is 
converted by heating with NH) into naphthyl* 
amino, Wt by ammonia^zino-chloride into di-$* 
naphthyl-amine. Fatty alcohols act differently 
upon aromatic bases in presence of ZnCl.,, the 
alkyl entering the nucleus; thus aniline-zinc- 
chloride and alcohol produce amido-phcnyl- 
ethane: 

0 + HOEt = C«n,EtNH2+n,0. 

11. By reduction of tlio phenyl-hydrazides 
of the aldehydes and ketones in alcoholic solu¬ 
tion by sodium-amalgam and acetic acid (Tafel, 
B. 19,1921); 

mVCiN^IPh -I- 2n,=ER'CH-NHa + PhNH,. 

12. By reduction of aldoxims and koloxims 
in alcoholic solution by sodium amalgam and 
acetic acid (Goldschmidt, B. 19, 3232): 

11R'C:N0H + 2H, Rimi.NHo + H,0. 

18. From sulphonates by heating with sod- 
amide (Jackson a. Wing, B. 19,902): 

R.SO,K + NaNnj=R.NII, + NaKSOg. 

Properties. —Most amines are volatile or can bo 
distilled alone or with the aid of steam. Primary 
bases in which amidogen is not united to carbon 
in a benzeno nucleus turn red litmus paper blue 
and combine with carbonic acid; aniline and its 
homologuos are neutral to litmus, and do not 
combine with carbonic acid. Ammonia pps. tho 
aminos from cold aqueous solutions of their 
6<alts; but at high temperatures tho amines expel 
NH;, from its salts. Tho relative saponifying 
power of amines has been studied by Oslwald 
(J. pr. [2J 35,112). If a mixture of aromatic 
bases is dissolved an excess of glacial acetic 
acid, and the solution is diluted with three limes 
its volume of water and then boiled, the primary 
amines remain in solution while the acctalcs of 
secondary and tertiary amines arc decomposed 
and the bases arc found on tlic filter (Jlicliael, 
B. 19,1391). To determine whether a given base 
is primary, secondary, or tertiary, it is heated 
with methyl iodide until a quaternary iodide is 
formed; tins iodide is known by its stability 
towards potash. The original base and the am¬ 
monium iodide arc both analysed. If tlio am¬ 
monium iodide diilcrs in composition by con¬ 
taining CIT:,I more than the base, then tlio base 
was tertiary. If it dilTor by CJI-I, this shows 
that the original base was secondary, and had to 
exchange hydrogen for metJiyl before it could 
become tertiary. If tho iodido contains (1,11,1 
more than the base, then tho latter was primary. 

Reactions 1,2,3, 4, 6, 0,11,12,15,20,27,28, 
may also bo used to distinguish between primary, 
secondary, and tertiary bases. 

When a quaternary ammonium base is 
distilled, if it contains ethyl it splits up«thus: 

NRR'R"C,H,(OH) = NRR'R" f +H^O; 

(Hofmann, B. 14, 491). 

Quaternary ammonium chlorides containing 
methyl split oft MeGl on distillation: 

NRlW'MeOl=NRR'R" -i- MeCl; 

(liOBsen, A. 181, 877). 

Reactions j, 5, 6,12,13, 26, and 28, s6rve to 
distinguish o-diaminos from m- and p- diamines. 

Reactions.-^L If a primary base be boiled 
with akoholic potash and chloroform Iho dis* 

Voul- 


gas^ng odour of the eormpondlng oarbamiue 
will be noticed (Hofmann, B. 8, 767): 

EtNH,+OHCa, + 8KHO - EtNO + 3K01 + SH,0. 
2. If a ^rimaiy fatty base bo dissolved io 
alcohol mixed with an equal volume of GSj, and 
the liquid be boiled down to half its volume, a 
thiocarbamate will bo fonnod: 

2RNH,+OS,=RNH.CS.S.NRII,. 

If the liquid be now boiled ivith a little aqueous 
mercuric or ferric chloriiJIe a pungent odour of 
an alkyl mustard •oil (or thiocarbimide) will 
bo perceived, thus: IlNH.CS.SNRHj + HgCl,* 
HgS + RNCS + NRH^Cl + HCi. In the aromatic 
series the product of the action of alcoholic CS. 
is usually a thio-urca which requires to be treated 
with P^O, in order to get the thiocarbimide (Hof¬ 
mann, B. 3, 708 ; 8, 107; Woith, B. 8, 401). 
Mesidinc and amido-penta-mcthyl-benzeno give 
thio-carbimides in addition to smaller quantities 
of tho thio-uroas (Hofmann, L. 18, 1827).—3. 
Nitrous acid converts primary fatty amines into 
alcohols: RN ll, + HNO,=ROH N, 4 H,0. It 
converts primary aromatic amines into diazo- 
compounds: RKH. i- HNO, - RN.OII + ILO. I< 
converts all secondary bases into nitrosamineS; 
which arc neutral substances, volatile with 
steam: RR'NH -i- HNO,=RR'N.NO + H^O. It 
cannot act upon tertiary fatty bases, except 
with elimination of an alkyl. It converts most 
tertiary aromatic bases into nitroso derivatives, 
which still possess basic properties: 

C«H,NMc, + UNO.,» C,JI,{NO)NMe., + H,0. 

Aromatic nitrosamiiies arc converted into 
p-nitroso derivatives under tho influence of 
acids. 0,H,NMc(NO) - CoH.(NO).NMcH. By 
means of the preceding reactions, nitrons acid 
may be used to separate secondary from primary 
and tertiary bases, for tho nitrosamincs do not 
combine w'ith acids, and may thereforo bo ex¬ 
tracted from tho acid solution by ether, or by 
distilling with steam: and on reduction they 
give the secondary base. If tho diazo com¬ 
pounds are boiled with water phenols are formed; 
RN„Cl + H,0 = ROU-f-N 2 + IICI, while if they 
are boiled with alcohol, tho amidogen is usually 
displaced by hydrogen: RNXl + C.HrtO* 
RH + HCl + CoH.O. Frequently, however, boil¬ 
ing with alcohol displaces amidogen byetlioxyl: 
C..Me JI.N,CI + HOEt - C.MoJI.OEt HCI + N, 
(Hofmann, B. 17, 1917). Amidogen may also 
be displaced by hydrogen by reducing the diazo 
compound to a hydrazine and boiling the latter 
with aqueous CuSO^ (Haller, B. 18, 90). In 
order to displace amidogen by chlorine we may 
distil the platinochlorido of the diazo derivative; 
to displace amidogen by bromine wo may boil 
the perbromide of tho diazo derivative with 
alcohol; to displace it by iodine wo may boil 
the diazo salt with luqueous HI or KI. These' 
operations may be more conveniently performed 
by the method of Bandmeyer (B, 17, 1633, 
21)50). This method consists in boiling the 
diazo compounds with cuprous chloride, bromide, 
iodide, or cyanide. • 

Examples.—{a) 4 g. m-nitro-aniline, 7 g. HCI 
(S.0.1’17), 100 g. water, and 20 g. of a 10 p.c. 
solution of cuprous chloride in HClAq are heated 
to near boiling and 2*5 g. sodic nitrite dissolved 
in 20 g. water are slowly added, the mixture 
being well shaken. 4 g. pure m-chloro-nitro* 
benzene if obtained. 
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(l) 12'5 g- orrsiaUlsed euprio sulphate, 36 g. 
KBr, 80 g water, 11 g. (S.0.1'8), and 20 g. 
copper turnings are boiled until the dark colour 
has nearly disappeared. Aniline (9'3 g.) is now 
added, and the boiling liquid treated as before 
with NaNOj (7 g.) dissolved in water (10 g.). 
Bromo-benseno passes over on subsequent dis¬ 
tillation. 

(c.) 25 g. crystallised CuSO„ 160 g. water 
and 28 g. KCN (96 |^.o.) are dissolved in hot 
water. A solution of diazo'oonzeno chloride is 
tun in, this is prepared from 7 g. NaNO^ dissolved 
in 20 g. water added to a solution of 915 g. 
aniUne in 20-6 g. HCl (S.G. 1'17) and 80 g. 
water. The yield of benzonitrile is 63 p.c. of 
the theoretical. 

In these reactions a double compound be¬ 
tween the cuprous salt and the diazo salt is 
perhaps au intermediate body. Such a double 
compound has been isolated in the caso of 

8.naphthylamine, C,„H,N.jBrCu.;Brj (Ijellraann 
a. Eeray, B. 19, 810). Substitution of amidogen 
by halogens may also be effected by gradually 
adding IINOj to a hot solution of the amine in 
nCl, HBr, or HI (Losanitsoh, B. 18, 39). 

Amidogen may be changed into SH by heat¬ 
ing the diazotised base with warm alcoholic 
potassium sulphide. By oxidising the resulting 
mercaptan with KMnO, a sulphonic acid is got 
(Klason, B. 20, 349). 

Nitrous acid serves to distinguish o-, ?»-, and 
p- diamines (u. di-Azo-compounds). 

4. Benzoyl chloride acts on primary and 
secondary amines: 

RNH., + BzCl=ENBzH + HCl, 

EB'NH + BzCl = ER'NBz + HCl 


(Hofmann, B. 5, 716; Hallmann, B. 9, 846). 
Tertiary aromatic amines heated with it at 200° 
may exchange alkyl for benzoyl: 

NPhEt, + BzCl=NPhEtBz+EtCl 
(Hess, B. 18, 685). 

5. Acetyl chloride converts primary and 
secondary amines into acetyl derivatives. 

The di-alkylated tertiary aromatic amines 
readily allow one of the alkyl group.s to bo re¬ 
placed by acetyl when treated with acetyl bro¬ 
mide, the alkyl bromide formed converting 
another portion into quaternary ammonium 
bromide: 2XNIlj + AcBr = XNKAo + XNll.Br. 

The reaction sets in spontaneously, and is 
completed on gentle warming (Staedel, B. 19, 
1947). 

Primary aromatic amines may be converted 
into acetyl derivatives by boiling not only with 
AcCl or ACjO but oven with glacial HOAc. 

The alkoyl derivatives of o but not of m and 
p aromatic diamines give rise to anhydro com¬ 
pounds : 

^-^^Nllf + C.H,<^^>C.CH, 

(Hflbner, a! 208, 278). 

6. Aldehydes form products of condensation 
with amines. CEnanthol is recommended by 
hchiff (A. 159,168) as a means of distinguishing 
between the different classes of amines. Primary 
amines require one equivalent of mnanthol: 

C,H„0 + PhNI^=PhN(C,H„) + HA 
while secondary amines require only half i 
much aldehyde; 

0,H,.q + 2Mc,NH - (MejN),(C,H, J + HjO. 
The is dissolved in benzene and a stimdard 


solntioD 01 CHiantnoi m peiuene a ruo.iu as 
long as it prodnees tardier separation of drops 
of water. 

Tertiary aromatic amines can also condense 
with aldehydes: 2PhNEts+ [1:2J C,H.(NOJ.OHO 
= NOj.C,H,.CH(C,H,NEt 2 )j + HjO. Aromatic 
amines heated with aldehydes and ZnCU give 
tri-substituted methanes (Eischcr, B. 16, 676). 

In order to distinguish whether an aromatic 
diamine is an ortho compound, Ladenburg (3. 
11, 600) heats its hydrochloride with benzoic 
aldehyde; if the compound is orlho an aldehydine 
(q. «.) is formed and HCl is evolved, while no 
HCl is evolved in the case of m or p compounds. 

E"(NH.AC1), -r 2PhCHO = 

R"(N,,C Ad’hj)HCl -t 211,0 + HCl. 

7. Bromine and aqueous potash convert 
primary amines into di-bromaraincs : 

MoNH, + 2Br2 + 2KOn = MeNEtj + 2KBr -e 2H A 
Secondary amines, containing one divalent alkyl, 
behave similarly: 

C,H, ,NH + Br., -r KOH = C.HuNBr -t KBr + H,0 
but secondary amines containing two monovalent 
alkyls are spilt up into an alkylene bromide and 
a primary alkylamine (Hofmann, B. 16, 559). 

The di-bromo-amincs containing hexyl and 
its higher houiologuos are split up by aqueous 
NaOII into HBr and nitriles; 

C,H,.CH,.NBr.. 2NaOH = 

C,H„CNV2NaBr + 2AO. 

Hence amides may be converted lirst into amines 
and then into nitriles by treatment with bromine 
and NaOIIAq, the first reaction being: 

C,H,,CII,.CO.NII., + Br, + 4NaOH = 
C,H,.Cn,,.NH, + 2NaBr + Na.CO, -e 20,0 
(Hofmann, 15. 17,1920). 

8. Sulphuric oxide combines with primary 
and secondary fatty amines, forming small 
quantities of sulphamio acids: 

NEt.,H -H SO, - NEt,.SO,H- 
It also combines with Uutiary fatty amines: 

NEt, SO,=Et 3 N<^‘’Q(Bcilstein a. Wiegand, 
B. 16,1261). 

It combines with aromatic aminos forming 
sulphonic acids: 

C,II,NH,+ SO, = C,n.(SO,H)Nn,. 
Aromatic amines may also bo sulphonated by 
n,SO, and by C1S0,II. 

9. Sulphuryl chloride acts upon secondary 
fatty amines thus, forming tetra-alkyl sulph- 
amides : S0.,C1,+2HNEt,=SO.,(NEt,), + 2H01. 
With the hydrochlorides of these bases the re¬ 
action stops half way: SO.,Cl., + HCl.NHEt,= 
Cl.SO.,.NEt., + 2HCl (R. Behrend, A. 222, 116). 

10. Zinc ethide does not attack tertiary 
aminos, but acts upon primary and secondary 
amines in the following ways: 

2BNH, + ZnEt,=E.AH,Zn + 2HEt, 
2Kll'NH -t ZnEt,=E.,E',N,Zn -r 2HEt 
(Frankland, Pr. 8, 604; Gal, C. B. 96, 578). 

11. Cyanic ethers unite with primary and 
secondary bases forming alkyl-ureas: 

RNH, + R'NCO=ENH.CO.NR'H, 

ER"NH + R'NCO = BE"N.CO.NE'H. 
Cyanic acid acts similarly : 

RUH,HC1 + KNCO=BHN.CO.NH, + KOI 

12. Thio-earhimides unite with primary and 
secondary amines forming thio-ureas: 

ENH,+R'NOS-RNH.OS.NR'H. 

When the solid produot obtained by boiling «■ 
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uomaifo di-smiael trith'aloohol' ibd ail o( 
mnstard (0|H,N0S) is graddalljr hoated, then il 
the diamine were o it would eoUdify above its 
melting-point; il it were »t it would melt with- 
outfuither change and would therefore solidify on 
cooling; if it were p it would melt and undergo 
decomposition and on cooling would remain 
liquid (I/ellmann,:!. 221,1; 228,218 ; 3.19, 808). 
In all cases di-thio-ureas, B"(NH.OS.NIIC,IIi)., 
are first formed; those from w-diamines are not 
aSeoted by heat, while the a and p derivatives 
split up on molting thus; 

B"(NII.OS.NHC,H,),=. 

®"<NH>^3 + C3(NHC,H.)r 

13. Tlio di-siil;p1iocyanides of the o-diamines 
are changed at 120®-130® into tliio-ureas, 

NM 

which are not desulphurised 

by hot solution of PbO in NaOHAq. The m and 
p diamines give compounds of the form 
CxHy(NH.CS.Niy- which arc desulphurised by 
this reagent (Lellmann, A. 238, 8 , 218), 

14. Small quantities of orthodiamines are 
readily detected by adding a few drops of a hot 
acetic acid solution of phcnanthrcuiuinom to an 
alcoholic solution of the substance; if an ortho- 
diamine is present a yellow crystalline pp. of 
the corresponding quinoxalinois formed on boil¬ 
ing the solution; this pp. in tho case of plicny- 
Icno and tolyleno o-diamincs is coloured deep- 
red by JICl (Hinsberg, B. 18.1228). 

15. If a mixture of bases is treated with 
sufficiont citmconic add to form the acid salts 
and tho aqueous solution is boiled tho primary 
amines will be ])pd. in tho form of alkyl-citraco- 
namio acids, while U\q secondary and tertiary 
amines can be obtained by distilling tho filtrate 
with steam (Michael, B. 19,1390). 

16. OxidisifigagentsoonweitaYomniiQ amines 
into azo or azoxy compounds. Hence the nitra¬ 
tion of such amines by the usual methods re¬ 
quires previous introduction of acetyl into the 
amidogen. But by treating tho nitrates with 
cold oono. H.^SO^ nitre-amines may bo prepared, 
tho nitroxyl taking a in position with regard to 
amidogen (Levinstein, D. P. J. 256, 471). 

17. Amines form condensation products with 
quinones, e.g. 

0,H,0,(NHPh),; OAO(NPh)(NnPh),. 

18. Aromatic amines when boiled witli fatty 
amides produce ammonia and alkyl-amides, e.g, 

O^.CO.NH.^+NPhH, -- CHa.CO.NPhH + Nil,. 

19. Silver salts form additive compounds 
with aminos (Mixter, A. C.J. 1,239). 

20. The ferrocyanides are obtained by adding 
tho amines to a mixture of aqueous K 4 FcCy„ and 
hydrochloric acid; a crystalline pp. of tho noid 
ferrooyanido B^aH+FoCyrt araq, is usually formed 
(Fischer, A. 190,184; Fisenberg, A. 205, 205). 
The ferrocyanides of tertiary amines are par¬ 
ticularly insoluble in water and may be used 
as a moans of isolating those amines. To re¬ 
cover the amine, the pp. is suspended in water 
and decomposed by OuSO^, and the excess of 
OUSO 4 removed from tho filtrate by baryta. • 

21. Chloral nydraU heated with tertiary 
aromatic amines and ZnGl, forms a condensation 
product which, when decomposed by aqueous 
EOH gives an oldehydo derivative, e^. 


Oa,dH{ OH), + OANHe, - 

COLCH(OH).0,H.NMe, H,0 
OCljOHCOHl.OgH^NMe,- 

CCl3H + HCO.O*H4NMe, 
(Boessneck, B. 18,1516; 19,365). 

22. Primary aromatic amines in alcoholic 
solution absorb cyanogen ; and tho product when 
boiled with glacial HOAo becomes a di-alkyl- 
oxamide: 


2PhNH, + 0,N,» PhNH.C(NH).C(NH).NPhH 
PhNH.C(NH).C(Nn).NPhH + 211,0 = 

PhNn.CO.CO.NPhH + 2 NH 3 . 

Aromatic o-diamines act similarly; the result¬ 
ing oxalyl-o-diamine may bo viewed as a di-oxy- 
quinoxaline (Bladin, Bl. [2] 42,104). 

23. Primary aromatic amines heated with 
glycerin (or acrolein), H^SO^, and nilrobenzono 
(as oxidising agent) produce bases of tho quino¬ 
line series. A similar reaction occurs when 
glycol (or paraldehyde) is substituted for 
glycerin. 

24. Nitric oxide passed into an alcoholic 
solution of tertiary aromatic bases produces azo¬ 
compounds of the form 

25. For the action of aceto-acelio ether, 


V. p. 19, 

26. Orthodiamines form orystallino com¬ 
pounds with glucose (Griess a. llarrow, B. 20, 
281). 

27. Diazohenzene chloride reacts with primary 
and with secondary amines,forming diazo-amkles 
(u. di-AZo-compounds). In tho case of the 
secondary amines the compounds CgIL,.N._,.NIllt', 
being easily crystallised and si. sol. water, may 
be conveniently used in separation of these bases 
from tertiary and in some cases from primary 
bases (Wallach, A. 235, 235). 

28. A solution of potassium croconate gives 
with salts of o-diamines dark-colourcd pps. con¬ 
sisting of the corresponding azincs (Nietzki, B* 
19,2727). 

29. Tertiary aromatic amines form condensa¬ 
tion products when heated with aromatic adds 
or alcohols in presence of ZnCl^ or P^Os; water 
being eliminated at expense of H para to N 
(Fischer, A, 206,85). 

OTHBB BEACTIONS of tho amines are 
described in articles on the several bases, e.g, 
Metiiylamine, Etuylastine, Aniline, Pjieny- 
LENE-nuuiNE. Boe also Auioss, Auino Acins, 
Auidines, and Auidoxims. 

AlffISATIN V. IsATiN. 


AMMELIDE or le, 

0,N,(NHj(OH)a(?). Melanurenicacid, •Amido- 
cyanuric acid,' ifono^amide of cyanuric acid. 
Liebig made a distinction between ammolide 
and mclanurenio acid, but his aramelido was a 
mixture of ammcline i.nd his mclanurenio acid, 
hence it seems best to transferthe name ammolide 


to melanuronic acid (Klason, J>pr. [2J 33, 295). 

Fonmtion, — 1. From mefam and cone. 
H 2 SO 4 (Liebig, A, 10, 30; Gabriel, B. 8,1166; 
Jager, B. 9,1554).~2. From melamand boiling 
cone. KOHAq or oono. H 2 SO 4 at 150® (K.).— 
3. From ainmelino and oono. H 3 SO 4 at 160® or 
by heating ammeline nitrate (Knapp, A. 21, 
244): the change is incomplete.—4. A product 
of the dry distillation of urea (Liebig a. WOhler, 
A. 54, 371; Laurent a. Qerhardt, A, Oh, [2] 19, 
93; Dreohsel, J. pr. [2] 11, 289).—5. .^ong 
products got by boiling mellon-potassiam with 

0 
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Mneous KOH (Hennesberg, A. 78, 2<6; Iiietng, 
A. 96, 269).— 6. From its ethers or their thio- 
derivatives by gentle heat (K.).—7. From thlo- 
ammolide and KMnO, (K.).—8. From cyanogen 
bromide and cyanamide at 100° (Cech a. 
Dehmel, S. 11, 26).—9. From urea and cyano¬ 
gen iodide at 150° (Poensgen, A, 128, 369; 
Hallwachs, A. 163, 294 ; Schmidt, /. pr. [2] 5, 
86).—10. In small qvantity by action ot COCI., 
on NH, (Bouchardat, A. >164, 355).—11. In 
small quantity from di-cyan-di-araide by heat¬ 
ing with water at 160° or with aqueous ammonio 
carbonate at 120° (Bamberger, B. 16, 1078, 
1708). 

Preparation.—Cone. n.,SO, (300 g.) is slowly 
poured upon melam (100 g.) and the solution 
heated for a few minutes to 190°. When cold 
. it is poured into a litre of water, when ammclido 
sulphate slowly crystaUises (Strieglcr, J.pr. [2] 
83,163). 

Properties .—White crystalline powder; v. si. 
sol. water, insol. usual menstrua, sol. mineral 
acids, insol. acetic acid, v. sol. ammonia. It 
does not separate when its solution in warm 
aqueous NaOH is cooled (difference from amme- 
line). May be crystallised from boiling water. 
Not attacked by Cl, Br, HI, or AcCl. 

Beactions. —1. Boiling dilute acids or alkalis 
form NH, and cyanurio acid. Baryta-water 
does not effect this change. — 2. Pkosplionts 
pentachloride forms CyaCl,.—3. KMnO, in acid 
solution forma cyanurio acid.—4. Water at 170° 
forms CO., and Nil,.—6. Heated in a current of 
moist CO- it forms cyanamide. 

Salts.- (H,A"=C„H.N,OJ.- 
H,A''H-SO,3aq.—H,A'' 2HNO,.—H.,A" 2HC1.— 
Na.A" 6aq. — NaHA"6aq. — K-A". — KHA". — 
(NH,)..A"5aq. — (NH,)HA"l‘aq.— CaA'Vaq. — 
BaA"2Jaq. — CuA". — NiA’'2aq. — Ag.A". — 
AgHA"l|aq (Striegler; Volhard, B. 7, 92). 

Di-methyl ether C,H,N,0, i.c. 
C,N,(NH.,)(OMe).,. (212°]. Foimcd by action 
of ammonia on trimethyl cyanurale, and occurs 
as a by-product in the preparation of that body 
(Hofmann a. Olshausen, B. 3, 273). Plates, si. 
sol. cold alcohol, v. si. sol. ether, si. sol. cold 
water.—C,H,N,0,AgNO,: needles. 

Di-ethyl ether C,H„N,,0., i.e. 
C,N 3 (NH.,)(OEt),. [97°]. By-product in the 

action of CyCl on NaOEt, and formed by 
heating cyanetholin with aqueous Nil, at 100° 
(H.a.O.). Prisms.—C,H„N,0.,AgNO,: needles. 
—(C.H..,N.O.,).AgNO,: needles. 

AMMELINE C,H,N,0 i.e. C,N,(NH,,).,(On). 
‘ Di-amido-eyamirie acid.’ Diamide of cyanurio 
acid. 

Formation.—1. By boiling mclam for a long 
time with KOHAq or HClAq or by heating it 
with cone. H-SO, at 100° (Liebig, A. 30, 24; 
Klason, J. pr. [2] 33, 286). — 2. From 
Cy,(NH,),Cl by alkalis (Lament a. Gcrhardt, 
A. Ch. [3J 19, 92).—3. From thio-ammeline and 
' KMnO,.—4. From its ether or its thio derivative 
by HCl. — 6. Formed by boiling the hydro¬ 
chloride of ‘ di-amido-tri-ohloro-mcthyl oyani- 
dine’ (u. 2Vt-CnLORo-ACETONiTitii.E) withNH,Aq; 

Cy,(N H,) ,(CC1,)HC1 + NH,-f H,0 = 
Cy,(NH,).,(OH) + NH,C1 + HCCl,. Also by heat¬ 
ing tri-chloro-acetonitrile with NHjAq at 120°, 
or with alcoholic NH, at 170° (Weddige, J. pr. 
(2} 83, 86). 


FVomrftM. — bUirat* neeclles la den&ti* 
giMups (when ppd. from a warm solation). lnsol< 
water, alcohol, ether, and benzene i sol. mineral 
acids; insol. aoetio acid; sol. NH,Aq. Sep^ 
ratis when its solution in warm NaOHAq is 
cooled. 

Reactions.—\. Split up by heat into NH, 
and melton.—2. Warm H,SO, forms NH, and 
ammelide.—8. Boiling dilute nitric acid forms 
first ammelide, then cyanurio acid (Knapp, A. 
21, 255). 

Salts.—Its compounds with acids are de¬ 
composed by water.—BHCl: prisms.—^B'HNO,. 
—B'AgNO,. 

Ethyl ether Cy.(NH,).,OEt. [190°-200°]. 
From cyanetholine and NH, (Hofmann a. 
Olshausen, B. 3, 275). V. si. sol. alcohol. 

Chloride Cy,(NH.,).,Cl. ‘ Chloro-cyanamide.’ 
From Cy,Cl, and NH,Aq (Liebig, A. 10, 43; 
Laurent a. Gcrhardt, A. Ch. [2] 19, 90; 20, 98; 
Bincau, A. Ch. [2] 70, 254). Powder, iiisol. 
water. Decomposed by heating with HCl into 
mellon and NH,. Dilute KOHAq converts it 
into arameline. NH, at 100° forms melamine. 
KHS forms thio-ammelino. 

AMMONIA NH,. (Volatile Alkali. Alkaline 
air.) Mol. w. 17-01. [-75°. Faraday, Q. J. S. 
19,16]. (-38-6°; pressure less than 760 mm. 
Kcgnault.) S.G. S° (liquid) -6234 (Jolly, A. 117, 
181: compare also Andreef, ibid. 110,1). V.D. 8-5. 
S. 0°, 1050; 10°, 813; 16°, 727; 20°, 664; 
(Bunsen, Casometry, Engl. cd. 169). S. 0°, 
1148 (Iloscoe a. Dittmar, A. 110, 140); S. 0°, 
1270 (Berthelot, C. B. 76,1041). C.E. (liquid-11° 
to 0°) -00155 (Jolly, A. 117, 181). licfractive 
power (gas) compared with nir = l, 1-309. 
[N,II»] = 11,890; [N, IP, Aql = 20,320; [NIP, Aq] = 
8,430 (Th. 2, 68). 

Occurrence. —Ammonia salts occur in the 
atmosphere and in rain water; in many mineral 
waters; in sea water; near volcanoes; in many 
soils; in almost all plants; in the excrements 
of many animals; among the products of the 
decay of nitrogenous organic bodies. Free 
ammonia is not known to occur in nature. 
Ammonia was distinguished from ammomum 
carbonate by Black in 1756; Priestley obtained 
it approximately pure and named it alkaline 
air; Seheele sliowcd it to contain nitrogen; 
Berthollct demonstrated its composition in 
1785. The word ammonia comes from sal 
ammoniacum, the name given in the middle 
ages to ammonium chloride. 

Formalion. —1. By the action of the in* 
duction spark, or tho silent discharge (Donkin, 
Pr. 21,281), on a mixture ot N and H in the ratio 
N:H, a small quantity of NH, is produced 
(Morren, C.B. 48, 432; Perrot, C.H.49, 204; 
Chabrier, C. B. 75,484).—2. According toBamsay 
a. Yoang (C. J. 46, 93) a trace of NH, is formed 
when a mixture of moist N and H is passed 
through a red-hot tube containing iron filings; 
8. Ammonium nitrite is formed, a. when 
hydrogen is burnt in air (Zollcr a. Grete, B. 
10,2145; butagainstthisu. Wright, 0.11.88,240); 
5. by the action of a strong induction-spark on 
a rdixturo of N and H-O (Thenard, 0.12.76,983; 
Johnson, C.N. 48, 258 a. 264). Ammonium 
chloride is produced when electric sparks are 
passed for 8 to 10 hours through a mixttae of 
HOI gas, N, and H, the element being in tte 




Njfi, pevJlle,M, M7); orbypaasmg amiaoliinmoWoride and sulphate.] (iil) Fiom 
the aamo gases through a red-hot po^lain pure KKO. bj! the action of Zn and Fe in 
tube containing a metal tube cooled by a presence of KOHAq; the KNO. is prepared 
stream of cold water (Deville, A. 135, 104).— byheating IkiloKNO, with metallic copper,and 
4. By the action of a porous body—e.jf. spongy dissolving out the KNO, in water; this solution 
platinum, pumice, feme oxide—aided by heat, is digested with 15 litres'KOHAq—S.G. 1-25—34 
^ a mixture of H with an oxide of nitrogen or kilos, granulated zinc free from carbon (Zn 
HNO 3 , NHj is produced.—5. By decomposing a obtained by fusing commercial Zn with 5 p.c. 
compound of H and one of N together, NU^ is PbO may be used), and I kilo, iron wire pre¬ 
formed : c.g. by the action of water on nitride viously strongly heated in air and then reduced 
of Si, B, Mg (fee., SiOji, B^Oa, or MgO is produced, by hydrogen; the liqald is poured off and 
and the N and H combine to form NIIj: again distilled with gentle ebullition. 
moistNO passed over hotiron filings yields Nlla. Vroperties .—A colourless, strongly-BmelUng, 
6 . Bystronglyhnaliiigea 8 ilyoxidisodbodies-c.<;. gas, wliich turns red litmus paper blue, and 
As, Zn, K, i&c.—with alkaline oxides, in presence turmeric paper brown. Taste, hot and strongly 
of air.—7. By strongly heating metallic nitrates alkaline; poisonous when breathed; it destroys 
or nitrites with hydroxides of the alkali or the mucous membrane. Easily liquefied to a lim- 
alkalino earth metals and iron filings or zinc.— pid, colourless, highly refractive, li(juid; best by 
8. By heating metallic cyanides with steam heating solid 2 AgCl. 3 NIl 3 in one end of a strong 
(v. Marguerite and Sourdoval, D. P. J. 157, 73 glass tube, closed at both ends, and bent to an 
and 316).--9. By heating solutions of nitrates or obtuse angle, the other end being surrounded 
nitrites with KOIIAq and Zn or Fo, or with a by snow and salt (Faraday, Q. J. S. lU, 16). 
Cu-Zn couple. Ammonium sulphate is formed The silver compound begins to melt at 38®, it is 
when nitric acid is dropped into a vessel con- quite liquid at 90®, begins to boil at 100®, and 
taining Zn and diluto II^SO^Aq (Kuhlmann, A. the change is complete at 112®. Liquefied at 
04,233).—10. By the action of water on chloride, -40® to -50°; this may be effected by passing 
iodide, or phosphide, of nitrogen, or on the the well-dried gas through a U tube surrounded 
amides; in the last cases it is often ncces- by a mixture of crystallised CaCl^ and snow, or 
sary to use solutions of KOH or NaOn.—11, by liquid SOj which is rapidly evaporated by a 
By the dry distillation of many nitrogenous cniTont of air (Loir and Brion, J. 1800. 41). 
organic bodies—e.f/. horn,bones, blood, coal, Ac. If liquid ammonia is cooled by solid COj and 
Animouia is produced, according to Johnson, ether iu vacuo (Faraday), or by rapid evapora- 
when N and H are passed over spongy Pt tion over 11,.SO^ (Loir and Brion), white trans- 
(C. J. 30, 128); but this is denied by Wright parent crystals of solid ammonia are obtained, 
(O./. 30, 350), whoso experiments seem to prove which melt at -75® (Faraday). Liquid 
that the NII 3 obtained by Johnson was the pro- ammonia vaporises in a closed vessel, the 
duct of the mutual action of a trace of NO (in vapour-pressures according to ilegnault (/. 
what was supposed to bo pure N) and H, in 18G3. 00) being as follows 
presence of the spongy Pt (but v. also Jolmson’s - 30® 8(>G-00 mm. + 40® 11,605*30 mm. 
pamphlet Elementary Eitrogen^ and on tJie -20 1302*13 „ 60 1.6,1.58*33 „ 

0 /Amwiojim [Churcliill, 1885j), -10 2144*02 „ 60 10,182*10 „ 

Preparatio7i.—l. By gently heating a mix- 0 3183*34 „ 70 21,075*55 „ 

ture of 1 part chloride or sulpliate of ammonium +10 4575*03 „ 80 30,84.3*00 „ 

with 2 parts finally powdered slaked lime; 20 0387*78 „ 90 38,100*22 „ 

the mixture is covered with a layer of lime to 30 8700*07 „ 100 40,008*24 „ 

absorb water, and the gas is dried by passage Ammonia gas is very soluble in water (u. 
through a cylinder containing lime in small Combinations No. 1), alcohol, and ether; it is 
pieces.—2. By gently heating a solution of largely absorbed by charcoal (u. Hunter, 
CaClj in NIIjAq previously saturated with NII 3 ; G. J. [2] 9, 70; 10, 040) and other porous sub- 
this mixture may be kept unchanged for long.— stances; it is absorbed by many saline solutions, 
8. Pure ammonia is prepared by Stas (Z'V. 6, the quantity of NHj absorbed being, as a rule, 
423) by one of the following methods:—(i.) the less the more concentrated is the solution 
From pure NH^Ci and KOHAq; 10 litres of a (u. Raoult, C. It. 77,1078). Ammonia solution 
boiling cone, solution of NH,,C1 are mixed with is a strongly smelling, caustic, alkaline, liquid; 

1 litre HNOaAq, S.G. 1*4; the boiling is con- at —40® it forms long needle-shaped orystals; 
tinned so long as Cl comes off, the Nil,Cl which at —40® it solidifies to an inodorous mass; tho 
separates on cooling is dissolved in liot water, B.P. and S.G. increase the less is the quantify 
and again boiled with ^volume of UNO;, till of NH 3 present. Many metallic oxides insolubla 
01 ceases to come off, water is then added, in water are dissolved by NIIjAq, e.g, 
and NHg is obtained by decomposing by KOHAq. CuO, Ag.O, &c.; aqueous NH, also dissolves 
(ii.) From pure (NIl 4 ) 2 S 04 and KOHAj;; 2 kilos, many fats and resins. Ammonia resembles 
of (NH 4 ) 2 S 04 are heated with 14 kilos, cone. PHj in its properties and reactions; it is, how* 
H 3 SO 4 to the temperature whereat the sulphate ever, much more stable and less easily oxidised 
begins to decompose with effervescence, small than that compound; an aqueous solution of 
quantities of nitric acid are then added until the NH,, which doubtless contains NH 4 OH, *18 
liquid becomes quite colourless; the salt which characterised by the properties expressed by the 
erystallises on cooling is dissolved in warm word alkali (i>. Ammonium Compounds; 
water and ^decomposed by KOHAq. [The comp, also the arts. IIyduides, Hydrox* 
object of these treatments is to remove tho ides, and Nitrogen Group op Elements.) 
small quantities of substituted ammonias— Reactions. —I. Liquid ammonia noesnot 

NH/lHi, NH,CA present in react withHaSO, at-65®; dissolves alkali metals 
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ftt fini with red, tiien blue, ooloar; ibe metaU 
UTsWliBB out nnohanged (Core, Pr..21, l-lo); 
alkalme earth metals ana heavy metals do 
not dissolve (Seeley, C. N. 28, IM; concern¬ 
ing solubilities o{ other elements and salts v. Oore 
Z.C.). —IL Ammonia gas. 1. Heat decomposes 
NH, partially into N and H; when the gas is 
passed through an iron or porcelain tube, de¬ 
composition begins at about 600“; the nature of 
the hot surface exerts a most marked influence 
on the extent of decomposition j the deoompo- 
eition is, however, never quite complete (Ramsay 
«.;young, 0.,T. 45, 88). A spiral of Ft heated 
by an electric current also decomposes Nil, 
(Grove, A, 63, 1).—2. The electric discharge 
decomposes NH,slowly, but hrduefiousporks from 
a largo Rulimkorfl’s coil more quickly; the de¬ 
composition is not quite complete (Dcville, A. 135, 
104; Buff a. Hofmann, ibid. 113, 132).-3. 
NH, is decomposed, into N and H, by passage 
over several metals at 700“ orso.c.p. Au, Ft, Ag, 
Fe, Cu, A’c.; some metals, e.g. Ti, combine with 
the N; the alkali metals set free ^ of the H pro¬ 
ducing compounds of the form NU-M : the com¬ 
pound NH.dC is decomposed at a red heat giving 
NK, and NH,; water acts on it to produce KOH 
andNH, (i*. Fo'r.4saiu.M).—4. Mixed with oxygen 
and submitted to the electric discharge, NH,NO, 
andNH|NO, are formed (Carius, A. 174, 31).—6. 
Mixed with o.rypot and heated, NH, burns to H.O, 
H, and N, if tiio NH, is in excess; and to U]0, 
N, and NH.NO,, if the 0 is in excess {v. Ilofmauu, 
A. 115, 283; Heintz, ibid. 130,102). The flame 
examined spectroscopically shows characteristic 
lines,especially one near D (Dibbits, P. 122,521). 
6. Ozone oxidises NH, chiefly to NH,NO, and 
NH,NO., (Carius, A. 174, 31).—7. A platinum 
wire heated in NH, mixed with air produces 
NH,NO„ if oxygen is passed into the Nil, red 
fumes ofN oxides are also produced.—8. Am¬ 
monia reacts with N.,0, and C1,0, to form H, 0, 
N, KH,NO., or NH,NO„ and C1.-9. MetaUic 
oxides reducible by H are usually also reduced 
by Nil, with formation of metal, N, and H.O, 
sometimes with formation of metallic nitrides]— 

10. NH, reacts with many metallic oxides and 
haloid salts to form compounds, citlier of Nil, 
with the metallic s.alt — e.g. FtCl.,.4Nn.|, 
CuSO,.2NH,—or compounds in which part of 
the H of NH, is replaced, e.g. NH.HgCl (o. 
Ammoniuu Coaii'OUNDS; also the several met.als). 

11. Chlorine, bromine, and iodine react ener¬ 
getically with NH, to produce NII,X(X ---- Cl, Br, 
or I), and N. NH, combines with cooled I to 
form a brown liquid which is decomposed 
by water with production of NH,IAq and explo¬ 
sive iodide of nitrogen [? NI,] (tj. Nitkogen).— 

12. Sulphur absorbs NH,; on heating N is sot 
free and ammonium sulphide formed (Brunner, 
D.P.J, 150,371),—13. Carbe^i heated in a stream 
of NH, forms NH,CN and H, sometimes also 
CH,.—14. Bm-on heated in a stream of NH, 
form BN (ji. Bohon), and H.—16. NH, combines 
\yith acids (ILSO,t HCI, &c. Ac.) to form am- 

salts ((NH,).,SO„ NH,C1, Ac. Ac., q.v .; 

V. also Covihhuitions, No. 4).—1C. With many 
organic anhydrides NHg combines to form tho 
ammonium salts of amio acids, q.v. NHj also 
acts on several iriorganic anhydrides and acid 
cihUrHdcs to form bodies more or less anslc^ons 
lo the amic acids; thus with SO^H.01 azz 


fomui 

imldo-salphurio^ aoM 
salts of this acid are obtained salts of 
sulphtirio, or sulphamio, acid—NH^iSOaOH) 
Again by the action of NH, on the abid chforids 
SO 2 GI 2 it is probable that the amide of suIphori( 
scid-(NH2)GS02—is produced. So also NH. 
reacts with CO* to produce NH 2 (CO.ONnj— 
the ammonium salt of amidocarbonic, or car- 
bamio, acid. These compounds will bo de¬ 
scribed under tho various acids (v. Cabbauio 
ACID; Sulphamio acid; Sclpuoboxtacids, kitro- 

QEN DERIVATIVES OP; Ac.). 

III. Ammonia solution. 1. Seat decom¬ 
poses NH^Aq, tho whole of tho NHj being re¬ 
moved as gas.—2. Chlorine^ bromine, and iodine 
react as with NHg gas; chlorine produces a little 
NIT.CIO^ (Fresonius, i<’r. 2, 59).-3. Reacts with 
acids to form ammonium salts {v, CombinalionSt 
No. 4, also Ammonium compounds).—4. With 
many metallic salt solutions it reacts (similarly 
to KOIIAq) to form an ammonium salt and 
an oxide or hydroxide of tho metal.—5. Heated 
with sulphur in a closed tube ammonium poly- 
Bulphidea arc slowly formed (Fliickigcr, J. Ph. 
[3] 45,453). —0. Heated with sc/c;n'un in a closed 
tube, ammonium selcnide and selenite are 
formed; with tellurium ammonium tellurite is 
produced (Fliickiger, l.c,). 

Combinations. —1. Ammonia gas dissolves 
, very freely in water, tho action is attended 
; with production of heat; [NH“,Aq] = 8,130 {Th. 2, 

: 08) ; a concentrated solution of NII,Aq diluted 

I with n H,0 develops -—units of heat (Uerthe- 
I n 

i lot, A. Gh. [5] 1, 209). Thomsen (Th. 3, 86) 
gives tho following data 

NH'HH^O,TObf=0 

M + m 15 25 60 

372 
63 
22 


319 


350 

81 


»= 3'2 
„ 15 

„ 25 — 

The mass of NH, absorbed by water at 0° is 
! not directly proportion.al to the pressure; for 
; pressures varying from 50 to about 1,000 mm. 
tiro mass of NH, is less, and for higher pres¬ 
sures it is greater, than that calculated by 
Dalton and Henry’s law (tor data v. Eoscoe a. 
Diltinar, A. 112, 349). As temperature in¬ 
creases the mass of NH, becomes more nearly 
directly proportional to the pressure, until at 100“ 
the proportion is establislied (for data v. Sima, A. 
118,315). The S.G. of an aqueous solution of NH, 
varies from -8814 at 14“, corresponding to 36 p.c. 
NH,, to ’9991 (at 14') corresponding to ’2 p.o. 
NH, (Carius, A. 99, 161), Carius gives the 
annexed table. Determinations made at 14“ 0. 

A solution containing 32 p.o. NH, coiTesponds 
with the quantity calculated on the assumption 
that tho liquid oonsisls of the compound 
NH,OH.K.,0 (v. Ammonium Compounds).— 2. 
Dry ammonium nitrate absorbs NH, at all tem¬ 
peratures from -13“ to -.-25“ with liquefaction 
of the salt; heated over 26“, NH, is evolved and 
the substance becomes solid; the liquid at —10® 
and 760 ram. contains 42-5 grams NH, and 100 
rams liJH,NO„ these numbers agree with those 
calculated from the formula NH,Nf),.2NH,; the 
I solid at 28“-6 contains NH,NO, and NH, in the 
1 proportion NH,NO,:NH, (Divers, JV. 21, 109j 
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SpMSo R Oi %pKiU p. 'a 
gtiMly UHj gravity NH, 

<>■6844 ’'S6'0 10-9183 24-0 0-9520 12-0 

0-8848 36-8 0-9139 23-8 0-95‘27 118 

0-8862 -SS-O 0-9145 23-6 0-9534 11-6 

0-8856 35-4 0-9J60 23-4 0-9542 11-4 

0-8860 35-2 0-9156 23-2 0-9549 11-2 

0-8864 35-0 0-9162 230 0-9550 110 

0-8868 34-8 0-9168 22-8 0-9563 10-8 

0-8872 34-6 0-9174 22-6 1 0-9571 106 

0-8877 34-4 0-9180 22-4 i 0-9578 10-4 

0-8881 84-2 0-9185 22-2 0-9580 102 

0-8885 34-0 0-9191 22-0 '0-9593 10-0 

0-8889 33-8 0-9197 21-8 0-9001 9-8 

0-8894 33-6 0-9203 21-0 0-9(i08 9-0 

0-8898 33-4 0-9209 21-4 0-9010 9-4 

0-8903 33-2 0-9215 21-2 i 0-9023 9 2 

0-8907 33-0 0-9221 21-0 ! 0'9031 9 0 

0-8911 32-8 0-9227 20-8 i 0-9039 8-8 

0-8916 32-6 0-9233 20-0 0-9047 86 

0-8920 32-4 '0-9239 20- 4 10-9054 8-4 

0-8925 32-2 0-9215 20 2 j 0-9002 8-2 

0-8929 32-0 0-9251 200 [0-9070 8-0 

0-8934 31-8 0-9257 19-8 ,0-9077 7-8 

0-8938 31-0 0-9204 19 0 0-9085 7 0 

0-8943 31-4 0-9271 19-4 0-9693 7-4 

0-8918 31-2 0-9-277 19-2 0-9701 7-2 

0-8953 31-0 0-9283 19-0 0-9709 7-0 

0-8957 30-8 0-9289 18-8 0-9717 0-8 

0-8962 30-0 0-9290 18 0 : 0-9725 0-0 

0-8907 30-4 0-9302 18-4 ; 0-9733 0 4 

0-8971 30-2 0-9308 18-2 0-9711 0-2 

0-8970 30-0 0-9314 18 0 0-9719 0 0 

0-8981 29-8 0-9321 17-8 0-9757 5-8 

0-8980 29-6 0-9327 17-0 0-9705 5-0 

0-8991 29-1 0-9333 17-4 0-9773 5-4 

0-8996 29-2 0-y3-10 17-2 0-9781 5-2 

0-9001 29-0 0-9347 17-0 0-9790 6-0 

0-9006 28-8 0-9353 10-8 0-9799 4-8 

0-9011 2,8-0 0-9300 lO'G 0-9807 40 

0-9010 28-4 0-9300 10-4 0-9815 44 

0-9021 28-2 0-9373 10-2 0 9823 4-2 

0-9026 280 0-9380 100 10-9.S31 4-0 

0-9031 27-8 0-9386 15-8 10-9839 8-8 

0-9030 27-0 0-9393 15-6 0-9817 SO 

0-9041 27-4 0-9-100 15-4 09855 3-4 

0-9047 27-2 0-9407 15-2 0-9,803 3-2 

0-9052 27-0 0-9414 150 0-9873 30 

0-9057 26-8 0-9420 14-8 0-9882 2-8 

0-9003 20-6 0-9427 140 09890 2-6 

0-9068 26-4 0-9434 14-4 0-9899 2-4 

0-9073 26-2 0-9-141 14-2 O-9907 22 

0-9078 26-0 0-9449 14-0 0-9915 2 0 

0-9083 25-8 0-9456 13-8 0-9924 1-8 

0-9089 25-6 0-9463 13-6 0 9932 1-6 

0-9094 25-4 0-9470 13-4 0-9941 I'-l 

0-9100 25-2 0-9477 13-2 0-9950 1-2 

0-9106 25-0 0-9484 13 0 0-9959 1 0 

0-9111 24-8 0-9491 12-8 0-9967 08 

0-9116 24-6 0-9498 12 6 0-9974 06 

0-9122 24-4 0-9505 12-4 0-9983 0 4 

0-9127 24-2 0-9512 12-2 0-9991 0-2 


Eaonit, C, E. 76,1261.—8. Ammonia gas com¬ 
bines with a great many metalUe chUyrhUs, siil- 
fhates, &c., to form either double compaunds or 
compounds vftiioh are best regarded as substi¬ 
tuted ammonium salts. (For a slight general 
(kot«hii.AHiioin<7uOoia>oi7fins. The several com- 


pomide ate described in the arts, on the different 
metals).—4. Ammonia gas or solution combines 
with acids to form well-marked salts isomorphons 
with the corresponding salts of the alkali metals. 
The value of the heat of neutralisation of an 
acid by NII,Aq is always rather smaller than 
the value when KOIIAq or NaOIIAq is used; 
thus Thomsen (77t. 1, 412-1-21) gives these 
numbers: 

liAq [H=SO'Aq,BAq] [H'Cl'Aq, BAq] 
2K011Aq 31,288 27,504 

2NaOIIAq 31,S-.8 27,488 

2NH'Aq 28,152 24,541 

[H-'N-0«Aq, BAq] 

27,514 

27,364 

27,1)44 

Those results are quite in accordance with the 
view that an aqueous solution of NHj contains 
tho compound (NHJOII, analogous in composi¬ 
tion and properties to tho hydroxides of the 
alkali metals (u. Ammonium Comi-oiinus). 

Defection.— Free ammonia is detected: 1. by 
its smell; 2. by Us action on IIOl whereby white 
clouds of NH|C1 arc produced; 3. by its 
action on paper, a. moistened with neutral 
irgNO;,Aq, whereby a black stain (Ilg.D) is 
formed, 6. moistened with CuSO,Aq whereby 
8 sky-blue colour (CuSOj.lNIlj) is produced, c. 
moistened witli Mu.SO.,Aq, whereby brown spots 
(Mn.O,) arc foi-med, d. steeped in an ctlicreul 
solution of alkanna root (Enz, J. 1870. 935), 
wliorebya bluo colour isprodiiced (Bottger, J,pr, 
107, 146). Tho presence of ammonia or am¬ 
monium salts can be ascertained by various 
tests; tho following may bo mentioned.—4. 
Sodium picratc precipitates yellow ammonium 
picrate. — 6. A solution of sodium molybdate con¬ 
taining phosphoric and nitric acids forms a citron 
yeUow pp. (Sonncnschein, J. pr, 66 , 30'2).— 
0 . Nessler's solution — a strongly alkaline solu* 
lion of Hgl, in KIAq—forms a brown pp., or 
brown colour in extremely dilute solution, of 
NHgJ.H.O (Messier, G. C. 1856. 529). .All am¬ 
monium salts are at least partly volatilised when 
heated; some give sublimates of the original 
salt, e.y. NH,CI; others are decomposed, e.g. 
NHjNOj and li!H,NO.j. 

Jllsthuation. —1. Ammonium salts are some¬ 
times estimated in a mixture, all the other con¬ 
stituents of which are non-volatile, by heating a 
specified quantity and determining tho loss of 
weight. —2. All nnjmoninm salts are decomposed 
by heating with KOU.Aq (or NaOIIAq) with evo¬ 
lution of Nil.,: if organic N-containing com¬ 
pounds which evolve Nil, by the action of 
alkalis are absent, it is only necessary to add a 
weighed quantity of tho ammonium compound 
to an e.xcess of KOKAq, or NaOHAq, which has 
been boiled and ccaled, in a flask connected 
with a condenser and receiver, and to warm on 
a sand-bath; NH, passes over and is received in 
dilute HCIAq; the NH,C1 is then transformed 
into 2Nn |Cl.PtCl,(ti. No. 3), or the NH, is received 
in a measured quantity—excess—of standardiaW 
HCIAq, H,SO.,Aq, or H,C,0,Aq, and tho re¬ 
sidual acid is determined by titration with 
standard alkali. [A special apparatus is de- 
j scribed by Haroourt (FV. 2, 14).] If N-con- 
taining organic componnds are present which 
! e-volvo NH, by the action of alkalis, Schlossing 







M. m [8} 81,168) w«mimao4» to pUto>« 
substanoe -with ezoesa of milk of limo ov«f a 
moaBuzod quantity of standard HaS 04 Aq, under 
a boll jar, for 48 hours, and then to determine 
the residual acid by standard alkali.—3. Am¬ 
monium salts the acids of which are soluble in 
alcohol may be estimated by conversion into 
2NH,Cl.PtCl,; an excess of nearly neutral 
PtCl.Aq.free fromHNO„is added to the solution, 
the liquid is evaporated at 100°, the residue is 
washed with alcohol, dried at 100°, and weighed, 
or it is strongly heated and the residual platinum 
is weighed. This method is applicable in the 


AXXOtnW OOMOffltliS. Ooinpoanda 
produced by the aotion of ammonia on acids. 
The conditions of ooonrrenoe in nature, and also 
of the artificial syntheses, of these salts are re¬ 
ferred to in the article Ammonu, g. v. In that 
article some data are given regarding the ab¬ 
sorption of ammonia by water (CembinatUna, 
No. 1), and regarding the thermal values of ^the 
neutralisation of acids by NH^Aq (Combma- 
tions, No. 4). The products of the mutual 
actions of NHsAq, and HClAq, H,;SO,Aq, and 
other acids—the ammonium salts- -are for the 
most part white crystalline bodies, easily soluble 


is weighed. Tins metnou is appiicaoju m uio i muoi. -, V -'. ill 

presence of salts which form double compounds in water, and many of them soluble also in alco- 
with Pt soluble in alcohol; it is best that such j hoi; they exhibit marked analogies with tile 
ralts should be chlorides, to insure this the 1 salts of poiassuini. Corresponding ainmoniuin 
mixture is evaporated with excess of eonc. I and potassium salts are isomorp ious, hence they 
HClAq (it is best to remove sulphuric acid by . probably have similar compositions. The am- 
Ba(On)„ excess of Ba(On), being aftenvurds | monium salts are 

removed by CO,.). In the case of KCl, which , paratively great volatility ; hoa cd, a? 8o'w». 
forms a salt 2KCl.PtCl, iiisolulile in alcohol, the tlioy are completely yolatiliscd, if the acid of the 
mixed Pt salts are weighed, then strongly heated , salt is volatile; if the acid is non-volatile (e.jf. 
and again wci died, the KCl is dissolved out in ; borate or phosphate), ammonia is eyolvod. They 
water, and the residual Pt is weighed.- -4. Am- | do nut exist as gases; when volatilised they are 
monium salts are decomposed by alkaline hypo- I either decomposed c.ff. Nil,NO;,, or •Ijssoomted 
chlorites or hypobromites giving oil all their N, ' e.g. NUiCl. ?• (*'• also Dis.snaxiioN). W^n 

which may be collected and measured. , gaseous NH, acts on gaseous HC , HBr, or HI, 

CIAq-J-SNaC'lOAti* j combmation occurs with profluction of mucli 

N» + 3NaCl .-v”]-t 311.,O i- 2IIC1 -\q). ' boat and formation of solid compounds NH,HX, 

Wohler employed calcium liypochlorite lor the thus (Th. 2, 7ii): 
purpose; Kiiop {Fr. 9,22.5) used barium or sodium X 

hypobroiiiito (prepared by the action of Br on 
Ba(OH)...Aq or on NaOHAq); Sohill lias descvilicd 
a special apparatus {Fr. 7, 430); Krooki-r a. 

Dietrich {Fr. 3,64; 5, 40) decompose by excess of 


X 

Cl 

Br 

I 


(NIP, IIX) 
41,900 
4ri,020 
43,460 


Dietricli {Fr. 3,64; 5 , 40) uccomposc uy excess oi If tlio solid products of thn.se actions, NHjHX, 
brominatcdNaOClAq, and determine the residual are heated to about 4.-^ ,a vapour is obtained 
hypochlorite by titrating with an alkiilliie sola- coiitaiiiing Nlf, and HX; on cooling thiyiipour 
tion of arseniousoxide. (Comp.also Poster,C. J. tbo compound Nip.HX is 
83, 470.)-5. Minute quantities of NH.. are do- NTh, does not combnic with HCI 14Bt, or HI, at 
tennined by the colorimetric process of Nessler- teiiiperatures above about 4.70 . Those facts 
ising; a measured quantity of Nessler’s reagent ' estalilisli a dillerciico between the ammonium 
—Hgt, in KIAq made strongly alkiilino by and potassium coiii|iouiid 3 . lliis diliereiico is 
KOHAq—is added, and the colour is compared fiirtlier exhibited in the reactions of tlio two 
with that produced by an equal quantity of classes of compounds; tlio ammonium salts are 
Nesslcr’s solution in an equal volume of water easily decmiiposed, c.g. by allialis and alkaline 
containing a known quantity of ammonia. i earllis, witli iiroilnction of Ntij. On the otoer 

° M. M. P. M. I band the properties of NH,Aq (v. Ammonia, Pro- 

AMMONIA, ACTION ON ORGANIC BODIES. ! peifiVs of) are so similar to those of KOHAq, 
1. Ammonia converts alkyl salts of inorganic and the reactions of acids with these solntions, 
acids into amines (q. o.).—2. It converts al'.iyl ; whetlicr considered tliermally or clicrmca ly, are 
salts of carboxylic acids into amides ( 7 . u.).— : so analogous, that there oaii be little doubt that 
8 It converts the oxides of acid radicles into the composition of ammoiiium salts is similar 
amide and ammonium salt: Ac^O-r 2 MHj- j to that of potassium salts. This similarity is at 
AcNH -tAcONH,.—4. It converts chlorides of once rendered app,vrcnt by formulating the 
acid radicles into amides of the correspond- ^ former class of salts as cornpomids of tlie. hy- 
ingacids; AcCl-l- 2 NH 3 = AeNlI, -i-NII,Cl.-5. It ; potlictical group of atoms NH„ ammonmm. 
unites with cyanic ethers forming ureas.-- 6 . i Thus we have: , , . „ 

It unites with thio-carbimides fonning thio- Nil,.Cl isomorphous with and ohomically analo- 

- - ■■ .. ' goustoK.Cl, 

NH|.NOj isomorphous with and chemically 
analogous to K.NOj, 

(NlI|).,.SO, isomorplious with and chemically 
analogous to K^-HO,, 

(NH,),.C,0, isomorphous with and chemically 
analogous to KyC-O,, 

NJI,.C.,H ;,02 isomorphous with and ohemicaUy 
analogous to K.CjHaO.. 

If fhis analogy of properties M in all cases 
supposed to accompany analogy of oompositioni 
then NHjAq must bo formulated as NH,.OHAm 
The compound NH 4 OH has not been separattfd 


ureas.—7. It unites with i aldehydes, but in 
the case of the higher fatty aldehydes and the 
aromatic aldehydes water is simultaneously split 
ofl.—8. It unites witli ketones and qiiinoncs.— 
f. Alcoholic NIJj sometimes removes HCI; thus, 
U converts isobutylidcnc chloride McaCH-CIIClj, 
cbloro-iso-liiitylene Me-^CiCIICl, and di-chloro- 
propane CH,.CCl,.Cn„ into chloro-propylcne 
CH,CCl:CH.(Oeoonomide8, G. R. 92,1236).—10. 
For its action on oxy compounds see Ami.nks, 
Fomuition 10.—11. Ammonia can displace 0 
byNH. 

AMMONIAC GUM v. Gua. 




teom tile aolationbf in water; but tiis does 
not prove the non-existence of the compound in 
this solution. A chemical compound may, and 
sometimes almost certainly does, exist as a 
member of a system, and yet it may be incapable 
of existence apart from the other members of 
the system. The existence of every compound 
is conditioned by other factors than the 
elements which compose it ; among those 
factors, tcm2)erature, and the presence or absence 
of other compounds, are very important. Com¬ 
pounds closely resembling Nil,OH, and un¬ 
doubtedly derived from NH,OH, arc known as 
definite solid bodies; they are obtained by re¬ 
placing the four hydrogen atoms in the com¬ 
plex NHjOH by alcoholic radicles C„H2a;,, or 
Cnllan-,; thus N{CIi,),.01I, N(C,HJ,.OK, and 
N[(CJl5).(C„nj,).JOH, iiave been prepared. These 
bodies closely resemble NaOH and KOH in their 
properties; tlicir existence and proi>crties are 
strong arguments in favour of the existence 
of the compound Nil,OH in aqueous solutions 
of NH3. The formula) Nil,.OH, NH ,,01, (NHJ,SO^ 
&c., then bettor summarise the properties 
and reactions, and suggest the analogies, of the 
ammonium compounds, tlian tlie alternative 
formula) NII^.H^O, NH3.IICI, (NII,.),,.n,SO, &c. 
Tile name avimonium is given to tlio compound 
radicle, or group of atoms. Nil,. Wo do not 
know ttiat the composition of the molr.cule of 
ammonium chloride is represented by the 
formula NH,C1; indeed we do not oven know 
the molecular wciglit of this, or of any other, 
ammonium compound. These compounds seem 
to exist only as solids, or in solution. We arc 
scarcely justified in applying the term molecule to 
the chemically reacting small i)artielos of solids 
or liquids, unless the term is used in a wider 
and vaguer sense than is given to it wlicn wo 
speak of the molecule of a gas (v. Atomic and 
MOLECULAR ^YKI0^Ts). But in saying that the 
complex or collocation of atoms which forms 
the reacting weight of ammonium chloride is a 
combination of an atom of chlorine with the 
radicle, or group of atoms, ammonimii, wc 
mean to imidy that, when this complex of 
atoms reacts with various other kinds of matter, 
it behaves as if the four atoms of hydrogen were, 
in some way, more directly and closely related 
to the atom of nitrogen than to the atom of 
chlorine. The fact that when the same comi)lex 
of atoms is heated it separates into two distinct 
molecules, HGl and NH^, neither proves nor dis¬ 
proves the correctness of the formula NHj.Cl, 
and tho conception which that formula em¬ 
bodies. Neither docs the fact, that no gaseous 
molecule is known containing a single atom of 
nitrogen combined with more than three mono¬ 
valent atoms, disprove tho formula Nil,.Cl; for 
the solid compound ammonium chloride presents 
us with phenomena to which the conceptions 
regarding tho valencies of atoms, which have 
been gained by the study of gaseous molecules, 
are not strictly applicable. 

In connection with the constitution of nm- 
monium compounds it is of interest to observe 
that tho compound produced by ^0 union of 
with appears to bo identical 
with the "compound produced by the union of 
with CH3I; it seems as if this 
compound N[(0Hs)s(0^j3]I belonged to tho 


Bomd Itebr KHpCI.NHi.OH, fto. 

(V. Meyer and Lecob, 5.8,238 a^ 986). 

The group of atoms, NH,, is evidently chemi¬ 
cally comparable with the atoms E, Na,Li, Gs, or 
Bb; but these are the atoms of strongly positive 
metals; hence if the group NH, could be isolated 
it might be expected to exhibit properties similar 
to those of the alkali metals. Experiments have 
demonstrated the impossibility of the existence 
of NH, uucombined with other atoms; but 
certain reactions are known wliich suggest the 
existence of an a(loy of this hypothetical metallic 
radicle with mercury. 

Ammonium A^ialoau. If an olootrio current 
is passed through cone. NH^Aq, or NH,ClAq, the 
negative electrode consisting of mercury and the 
positive of aplatiriura wire, the mercury swells up, 
sometimes to 20 times its original volume, and 
becomes pasty so that it may bo lifted by the 
hand, whUe nitrogen is evolved at the positive 
electrode. The same result is obtained as 
regards the mercury, if a piece of solid NH^Cl 
is used; also if sodium-amalgam, containing 
about 1 p.c. Na, is placed in cone. NH,CIAq— 
in this case NaClAq is produced. Tho peculiar, 
pasty, lustrous, mctal-likn, substance formed in 
these experiments is called ammonium-amal¬ 
gam; at a very low temperature, obtained by 
soUil CO3 and ether, it is a dark-grey, solid, 
crystalline, mass ; even at —29® it begins to 
evolve NH} and H, and this change proceeds 
rapidly at modcrulo temperatures; the two gases 
always come off in the ratio NIL,: H. 

All amalgam of K with Hg is produced by 
electrolysis under conditions very similar to 
those which attend the production of ammonium- 
amalgam; the analogy between ammonium 
and 2>otassinm is thus carried out here also. 
Ammonium-amalgam, it is said, does not 
reduce salts of Ag, Cu, or Fo, as K amalgam does 
(Landolt,A. St(2V)h6,340). When the amalgam 
is subjected to increased pressure its volume 
is found to change almost inversely as the 
pressure; in this respect then it behaves like 
a gas rather than a semi-solid compound. 
Tho following data are given by Eoutiedgo 
(G. N. 20, 210) 


0 . 0 . of Hg 
in 

aiuulgam. 

c.e. of 

amalgiim, 

jm^ssure 

762 lUtQ. 

inoreased 
pressure 
ipplierl, In 
uiui. of Jig. 

C.O. of 
amiilg:im 
uudor in- 
crcjvscd 
pressure. 

c.o. of 
am!ilg:iai 
calculated 
by Boyle’i 
law. 

14-5 

21-0 

1624 

18’0 

17-9 

24-4 

36-2 

1524 

310 

80-9 

lO'i 

18-0 

1863 

14-7 

13-7 

2:!-8 

42-2 

1026 

38-8 

S8-5 

23-8 

42-0 

2015 

322 

31-6 

23-8 

36-2 

1495 

32-6 

30-6 

28-2 

39-5 

1989 

34-4 

35-4 


As the pressure increases, tho surface of the* 
amalgam becomes brighter, until under largepres- 
surcs it has the appearance and li(xaidfty of 
mercury (Seeley, C. AT. 21, 265). These results 
point to the existence of gaseous NHs or H, 
or, it may be, gaseous NH,, in the Hg; but 
tlicy do not disprove the existence of the' 
atomic group NH, in some kind of loose com¬ 
bination with Hg. An alloy ol Fe and KH, 
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h laid by Heidlnget (0.0, 1863. 78) to be formed 
when FeSOiAi] or FeOl^q, to which a con¬ 
siderable quantity oi NH^ClAq has been added, 
H electrolysed by a strong current, the negative 
electrode consisting ol a copper wire. 

By electrolysing aqueous solutions ol ammo¬ 
nium salts using carbon electrodes, Bartoli a. 
Papasogli (G, 13,281) obtained beuscnecarboxylio 
acids and a compound of C, II, 0, and N, re¬ 
sembling mellogcn. 

Of the ammonium coApounds we have here 
to consider the bromide, chloride, fluorides, 
iodides, seUnides, telluride, and sulphides ; the 
others will be considered under the headings 
Cabbonaies, Nitrates, Solfiiates, Ac. The hy¬ 
droxide, known only in aqueous solution, has 
been already treated of in tlie art. Ammonia. 

Ammonium bromide. NH,Br. Mol. w. un¬ 
known ; does not exist ns a gas, but is disso¬ 
ciated by heat into HBr + NH,. S.G. 2 :S79 
(Schroder, P. IOC, 212). S. G. 2-327 (Eder, 
SiU. W. 82 (2), 1284). V. D. at 110=’ to 8C0'21-1 
(Deville and Trocst, C. H. 40, 239; .Cfi, 881). 
S. (10°) CC-2; (ie°) 72; (30 ') 811; (50°) 94-1; 
(100°) 128-2. S. (alcohol, S.G. -80C, 15°) 3-1; 
(76°) 10-5. S. (ether S. G. •729)-12 (Eder, l.c.). 
[NH», HBr]= 4.5,020; [N, II •, Br] = C.5,.318 
{Th. 2, 76). [NH'Br,Aq] = - 4380 (T/». 3,197). 
B.V.S. 41-7. 

Formation.—1. By adding IIBr or HBi-Aq to 
NH, or NII,Aq. 2. By tlie action of Br on 
NH,Aq; 4Nn,Aq + 3Br=3NH,L!rAq -i N : on 
evaporation, crystals are obtained. 

Properties and Iteactions.—Vfbile crystals; 
soluble in water; the act of solution is attended 
with absorption of much licat. Exposed to moist 
air turns yellow, and acquires an acid reaction. 
An aqueous solution givc .3 oil ammonia at mode¬ 
rately low tempoi-nturos. 

Troost (C. P. 92, 715) describes three com¬ 
pounds, NH,Br. 3 ;Nrij, a- = l, 3, and 6 , obtained 
by the action of excess of Nil, on warm NH|Br; 
the dissociation-phenomena of these compounds 
have been studied by Hoozeboom (U.T.G. 4,3C1). 

Ammonium chloride. Nil,Cl. (Sal ammo¬ 
niac.) Mol. w. unknown; does not exist as 
gas, but is dissocLaled by heat into Nil,-iHCI. 
S.G. 1‘62 (Schroder, P. IOC, 212). V.D. at 350° = 
14*4, at 1040° = 14-5 (Deville a. Troost, C. It. 49, 
239; 66 , 891); but vapour consists of equal 
volumes of NH, and HCl [v. Reactions, No. 1). 
S.H. (16° to 46°) -373 (Kopp, T. 155, 71). S.H. 
(23° to 100°) *3908 (Neumann, P. 12C, 123). C.B. 
(cubical, 0° to 40°) *00018704 (Fizean, C. R. 64, 
814). S.V.S. 35-2. S. (0°) 28-4; (10°) 32-8; (110°) 
77*2; S. increases approximately 4-4 parts lor 
each 10° (Alluatd, C. R. 69, 500). S. (alcohol 
8.0.*939,8°) 12*6; ( 66 °) 30-1 (Gerardin, zl. C/i. 
[4] 6 , 129). [NH», HCl] = 4]|.!)00; [NIPAq, 
HClAq]-12,270; [N, H>, Cl] =75,790 (Th, 2 , 
76); ^H'CI,Aq]= -3,880 (Th. 3,197). 

' [HH'Ol.«II-'O, m H'O] (Th. 3,109). 

^+m 25 60 100 200 

4*- 10 -87 -121 -120 -129 

„ 25 — - - 42 - 42 

t. 60 — - 8 - 8 

•I 100 — — 0 

Occurrene«*'—lci small quantities, in the 
neighbourhood of voloanoes, and in lumaroles; 
in some animal secretions, saliva. 


FofrmHon^l, By mhdng HOI and NH* In 
equal volumes. 2, By the action of HCl on N 
and H, under the influence of the electric dis¬ 
charge, or whem heated and quickly cooled (for ' 
details v. Ammonia, FonnatioiVt Nos. 1, 2, and 
3).—3. By the decay, or destructive distillation, 
of various N-containing organic matters. 

The name Sal aminoniacum seems to have 
been given by the earlier chemists to rock-salt; 
Gcber, probaoly latter part of 8 tli century, pre¬ 
pared ammonium chloride from urine and com¬ 
mon salt; towards the end of the seventeenth 
century the name Sal amumiiacaui came to be 
applied to ammonium chloride. The salt was 
j)repavcd in Kgypt by sublimation from the 
sooty deposit obtained by burning camel’s dung. 
The first manufactory of sal ammoniac in 
this country was established at Edinburgh in 
175G. 

Preparation. —Crude ammonium carbonate 
obtained by the dry distillation of bones, horn, 
blood, drc., or gas coal, is decomposed by hot 
milk of lime, and the NH 3 produced is led into 
HClAq, the liquid is boiled down, and the crude 
NH^Cl is purified by solution, filtration through 
animal charcoal, re-erystallisation, and sublima¬ 
tion. For details of preparation of pure Nil,Cl 
t*. AmmOaNIA, Preparation No. 3. 

Properties. —Pure ammonium chloride is a 
white, inodorous, salt, with a pungent Uiste; it 
crystallises from aqueous solutionsin smull cubos 
or octahedra which gather together into fcath; 5 ry 
masses {v. further, Nauniann, /.pr. f.0,11 and 
310). By sublimation and rapid cooling it is 
obtained as a loosely cohering jiowder consisting 
of minute octahedra; the ordinary sublimed salt 
has been partially fused and appears as a semi- 
translucent mass of fibrous crystals. It is very 
tough, and cannot bo powdered; sal ammoniac 
is best obtained in fine powder by evaporating a 
solution to dryness with constant stirring. It is 
easily soluble in wiiter {v. data at beginning of 
article); a cone, aqueous solution boils at 115‘8“ at 
708 mm. (Alluard, C./^. 50,500); S.G. of cone. 
NH,CL\q containing 20 p.c. Nil,Cl is 1*0752 
(Michel a. Krafft, A. Ch. [3] 41, 471). Tables of 
S.G. of NH,ClAq are given by Gerlach {J. 1350. 
42), and SohilT {A. 110,74). On heating NTI.ClAq 
of 10 0 p.c. to 37° Nllj is given off in the 
water-vapour (Leeds, Ajn. S. [3] 7, 107); as 
temperature increases the decomposition of NH ,C1 
probably increases also (v. Fittig, A. 128,180 ; 
Dibbits, B. 5, 820; Briicke, J.pr. 101, 481). 

Pcaclions. —1. When NII,C1 is healed it 
vaporises, but the vapour is found to consist of 
HCl and NH, (w. Pebal.Al. 123, 100; Than, A. 
131,120; ^Yanklyn, P.M. [4J, 20, 112; Wurtz, 

J. 1850. 30; Deville a. Troost, C.ii.40, 230 ; 50, 
891; Tommasi, B, 14, 353). The density of the 
vapour is 12*0 according to Bineau {A. Ch. [2] 
08, 410); 14'A at 350°, and tho same at 1010°, 
according to Deville and Troost (0. B. 49, 239; 
60, 891). Than (f.c.) has shown that HCl does 
not combine with NH* at 850° or higher 
temperatures.—2. NH^ClAq is decomposed by 
chlorine with formation of HCl and nitrogen 
chloride (q. v.).—3. Heated with iron, ewte, or 
better with* NII^Ol is docomposed - 

with production of motalUo chloride, NH„ and H; 
in presence of air and moisture the reaction pi^ 
coeds rapidly with formation of metallic chloride 
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«r oxychloride and KH,^. Many metalHo easfly soluble in watdr; slightly deliqueaoentx 
oxides decompose NH^Cl with formation of ohlo* easily rolatilised, vapour being very acrid, 
rides, and KH,; in some cases—e.y. oxides ol iomnonium iodides, 

Hg, Pt, Au <Sm 3 .—the chloride combines with a I. hfH 4 l. Mol. w. unknown; does not exist 
portion of the NH 4 CI to form a double compound, as gas, but is dissociated by heat into NH 3 + HL 

5. Alkaline carbonates decompose Nn 4 Cl when S.G.ii® 2*498, S.V.S. 68 . V.D. (440® to 800®) 
heated with volatilisation of ammonium car. 38*8, but vapour consists of equal volumes of 
bonate. Calcium carbonate, especially when HI and NHg. [NH^ HI] =^43,462; 
freshlyprecipitatcd,di 8 SolvcsrcadilyinNH 4 ClAq; 49,313 (T/t.2,75). [NH^I,Aq] = - 3,550 {Th. 3, 
on heating, ammonium carbonate is evolvoil.— 197). Formation. —1. By mixing equal volumes 

6 . Crystallised sodium stdi^hale partially of III and NH,, or by acting on HIAq with 
decomposes NH 4 CI when the two are mixed NH;|Aq. —.2. By dcccauposing FeJ^Aq by 
together by rubbing, NaCl and (NH 4 )^S 04 being (NHJXOjAq, or BaTAq by (NH,);;SO,Aq. Pre- 
formed and partly dissolving in the water which pa?u/ioM.—l.IIotsaturatedsolutio 7 isof(NH 4 ) 3 S 04 
comes from tlio sodium sulphate crystals.— and KI, equal equivalents, are mixed; after 

7. Suljohuric anhydride vapour is absorbed by cooling, alcohol equal to 15 p.c. of the water 
powdered Nil,Cl, on warming HCl is evolved used is added; the liquid is filtered after 12 
and y 0 .jNH 20 NH 4 is formed; if water is added hours, and evaporated with addition of a little 
(NH 4 ). 4 S 04 is i)roducod.— 8 . The reaction between NHjAq from time to time (Jacobseu, C. 0.1864. 
acids and NH^Cl follows the ordinary course of 192).—2. A solution of 27.^ parts KX in 48 parts 
the interaction of acids with salts of other acids. H^O is mixed with a solution of 22 parts tartaric 

Combinations. — 1. NH 4 CI combines wth acid in 48 parts water, the mixture is placed in a 
many tnetallic chlorides to form double com- freezing mixture to separate KIIC 41 I 40 ,, the 
pounds ; e.g. PtCl 4 . 2 NH 4 Cl; ngCl 2 . 2 NIl 4 Cl; filtrate is evaporated at 100 ® with addition of 
CuCl 2 . 2 Nn 4 Cl <feo. (v. the several Metals). — 2. a little (NH 4 ) 2 C 03 (Beyer, D. P. J. 171, 467). 
With an aqueous solution of ICl.„ the compound iVo/Jcr^tes.—Colourless cakes, very soluble in 
Nfl 4 CLICl 3 is produced (v. Ammonium iodide; water and alcohol; deliquesces in moist air, and 
Reactions, No. 2).—3. According to Troost (C. R. becomes yellow through separation of I, and loss 
88,578) when NH 4 CI is heated with a large excess of NII^; may be sublimed unchanged in absence 
of pure dry ammonia, at least two compounds of air. Rcactio)is. —1. NH,IAq is easily decom* 
are formed: HCl.dNn,, melting at 7®; and posed by dilute acids; the solid compound is 
HCI. 7 NH 3 , formed at —31® and 750 mm., melting decomposed by dry HCl gas at high temperatures, 
at —18®, at 3G0® about ^jtb, at 440° about ‘th, at a dark 

Ammonium fluorides (Marignac, Ann. M. [5] red heat about ^ths, of the Nil,! being decom* 
15, 221). posed (Ilautcfeuillc, C, R. 64,701).—2. Chlonne 

I. Neutral Salt. NH 4 F. Mol. w. unknown, led into saturated NIl 4 lAq produces long, golden- 
[NH*Aq, lIFAq] =. 15,200 [NH^ HFj = 30,100 yellow, needles of NH.Cl.ICla (Filhol, J. Ph, 
(Guntz, 0. It. 97, 1483). Formation. —1. By ' 25, 441); this compound is decomposed by 
mixing HF and*NH 3 .—2. By heating KF or ; gentle heating into ICI 3 and Nil,Cl.—3. By heat. 
NaF with NH 4 CI. Preparation. —1. By gently j ing in ammonia, the compounds NH,I.a:NII, 
heating a dry finely powdered mixture of 1 part ! t = 1, 3, and 6, are obtained according to 
NH,C1 with 3i parts KF in a platinum crucible Troost (C. R. 92, 715). 

covered witli a lid, which is kept cold by drop- 11. According to Guthrie (0. J. [2] 1, 239) a 
ping water on to it; the NH,1''sublimes on to compound of MI,! with I—MIIJ.I—is obtained, 
the lid.—2. Ordinary HFAq is saturated with as a brownish-black liquid, soluble in alcohol, 
NHaAq, a little (NH 4 ) 2 C 03 Aq is added, the clear ether, CS.,., and KIAq, less soluble in CHCI 3 , when 
liquid is decanted and evaporated in a platinum I is added in small quantities to a cono. solution 
dish with repeated additions of small pieces of of NH 4 NO 3 with which ^ equivalent of KOH has 
solid ammonium carbonate. Properties .—Tlexa- been mixed. NH,I.I easily separates in dry air 
gonal prisms with strong saline taste; imchuiigod into NIL, and I; water or dilute alkali produces 
in dry air, but deliquescent in moist air; easily iodide of nitrogen, Nn 4 l, and HI; mercury acts 
soluble in water, less soluble in alcohol; an on it to form HgL and NH,; aqueous solutions 
aqueous solution gives off NHj and acquires an of acids produce NIL, salts and separate I. 
acid reaction; the dry salt absorbs NHy but gives Johnson (C. J. .33,397) describes a compound 
it off again on heating; sublimes readily with ofNH 4 land I the composition of which agrees 
previous fusion; etches glass, and must bo kept with tlie formula NHiI^. It is produced by 
in platinum, silver,orguttapcrcha, vessels, lie- adding ItoNlIJ in presence of a little water 
ac^iojw. -l. Wlieu moist, or in solution in until no more I dissolves. It forms dark-blue, 
water, NH 4 F decomposes silicates with formation somewhat deliqv ascent, prisms; S.G. 3*749; 
of SiF 4 ; the same decomposition is effected by soluble in a little water, decomposed on dilution 
tho dry salt by heating it with silici^es.—2. Au with precipitation of I. ^ This compound seems 
aqueous solution is decomposed by heat, with to form a double salt with KI, viz. 5 NH 4 IJ.KI, 
formation of the acid salt NH 4 F.HF and evolution obtained by passing NHj into the mother liquor 
of NHj (v. infra), from which KI, has separated. 

II. Acid Balt. NH 4 F.HF. Mol. w. un. Ammoiiiuniseleiude 8 {NH 4 ) 3 So,and(NH 4 ) 8 eH 

known. S.G. 1*21. Formation.^1. By evapora- (Bineau, A. Ch. [2] 67, 229). Neither has been 
ting an aqueous solution of NH 4 F at 36° to 40° gasified and therefore mol. ws. are unknown, 
in a platiimm dish.—2. By adding^excess of NH, has no action on Se, but re^ily combines 
NH 3 Aq to a solution of fluosilioio acid, and with HjSe; when excess of NH, is used 2 vols. 
fiva^rating; as thus obtained the salt is mixed combine with 1 vol. H^Se and produce (NEXSo* 
with silica, Ooloutless prisms; when excess HjSe is used equal vols. of the 
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eases oom^l&e and fotxia KH 4 .HSe. Thsae 6 <ua-^ 
pounds are white solids vhioh soon turn red by 
exposure to idr or when dissolved in air-contain- 
ing water*, both smoU of NH,and H;;Se and appear 
easily to undergo change; their aqueous sola* 
tions probably contain polysolenides although 
none of these has been isolated; the products 
of the distillation of K^Se with NH^Cl probably 
also contain ammonium polyselenidos. 

Amtiionium telluride NlI^.HTe. White loaf- 
shaped crystjils; easil/soluble in ^Yater, vola¬ 
tilised at 80*^. Formed by tRe direct union of 
NHa and H .Te (Bincau, A. Ch. [2] 67, 22‘J). 

Ammonium sulphides, and Sulphydrate or 
Hydrosulphide. Five solid sulphides, and a 
hydrosulphidc, of ammonium are known; their 
compositions aro expressed by the fomuilm 

NH,HS,(Nn,),S. (Nn,),S,, (N11_.)A> 

none of these exists in tlic gaseous 
state; the first and second, which have been more 
studied than the others, arc dissociated by heat, 
into NHa + H.^S, and 2 NH 3 + ILS, respectively. 
All the ammonium sulphides arc soluble in water, 
they very easily undergo change at ordinary tem¬ 
peratures, usually giving off Nil.,, and ILS which 
IS often i^artly decomposed with precipitation of 
8 . They aro all decomposed by dilute acids 
with precipitation of white amorphous 8 , evolu¬ 
tion of H.S, and formation of an ammonium salt 
of the reacting acid. These sulphides act as 
Bait-forming or basic compounds towards such 
acidic sulphides as As.jSj, As^S^, & c . {v. 
infra : also Ausexic, and A^itdioxy, tuio-acips). 
According to Berzelius any one of the ammo¬ 
nium sulphides, except (NH^)^,S„ can bo pre¬ 
pared by gently heating the corresponding sul¬ 
phide of potassium with sal ammoniac; in every 
case except that of tlie NII^Cl must be in 
excess, else part of the ammonium sulphide 
formed is decomposed with production of H (Nifj 
and H) which combines with the potassium sul¬ 
phide to form K^S^. Little or notiiing is known 
of the physical constants of those compounds; 
the following thermal data are given, but, by 
reason of tlic instability of the sulphides and 
the indirect methods by which the numbers have 
been obtained, they must be accepted with cau¬ 
tion 

H.F. of solids from gaseous N and H, and solid S. 

InH,')! s|=C9!cOO 

Sj = 69,400 (Sabatier, A. Ch. [ 6 j 22, 73). 

The tclra- and peiita-sulphido dissolve in 
water with absorption of about 8,000 gram-units 
of heat per formula-weight of the sulphide. 

The sulphides of ammonium have been 
studied chiefly by Fritzsoho {J. pr. 24, 460; 
32,313). • 

Preparafion.—NH,HS is prepared by the 
reaction of equal volumes of NH, and at tho 
ordinary temperature, or at temperatures not 
lower than -10°. An aqueous solution of NH|HS 
is obtained by saturating NHjAq with H^S in 
aDsence of air. 

(NH,),S is prepared by cooling a mixture of 
a vols. NHj and 1 vol. H-S to-18°; or by dis¬ 
tilling KjS with excess of NE.Cl and cooling the 
distillate to -18°. 

(NJI|).,S, is obtained by passing vapour of S 
and of h'H 4 Ql through a hot porcelain tube and 


then into • tnii. odbKd An AqoMBt : 

solstion may be prq^red'by dissolving B in 
(NH4)2S Aq in tbs proportion 

(11H,):S4: when NH.HBAq (v. supra) is di¬ 
gested with S, the solution saturated with NH„ 
and then with H^S, more S added, and saturation 
with NHj and then with HjS repeated, tho whole 
liquid sets to a crystalline mass; if this is heated 
to 40°-50° a clear liquid is produced from which, 
on gradual cooling, largo crystals of (KHJjS, 
separate out. 

(NIIJ,S,: if the mother liquor from the 
crystals of (NHJ.Sj is surrounded by a freezing 
mixture, and treated first with NH, and then 
with H-S a orystalUne magma is formed; on 
warming a clear liquid is produced from which 
crystals of (NIIJ-S, aro deposited. 

(NH,).S, is obtained by tho gradual decom¬ 
position of (NH|)-Sj in dry, slightly warm, air; 
it is also formed when a solntiou of (NHJjSj in 
its mother liquor (u. supra) is placed under a 
largo boll jar lor some time. 

J-’roptrlies and Ilcaclions. —NH|SH : hard, 
white, plates or noodles; very soluble in water, 
and easily volatilised. V.D. at 66° 12'8, which 
corresponds with equal vols. of ILS and NH, 
(Neville a. Troost, C. li. 60, 891). Aqueous solu¬ 
tion is colourless, but soon changes in air from 
absoiqition of 0, wliicli decomposes a part of 
tho NH|HS with formation of JI-O, Nil,, and S; 
some of tho S acts on the remaining NH,nS to 
form (N1I|)-S-, another part of the S is oxidised 
to ILS.O;,, and a portion of it is usually de- 
positeil. This process proceeds it exposure to 
air is prolonged; the (Nn,)^S-is slowly decom¬ 
posed, until linally a solution of (Nn,),S,0, in 
NLLAq, mixed with Solid S, is tlio result. 
NH|llSAq reacts with most raofallio salts in 
solution to form sulphides of the ineials; it also 
reacts with acidic metallic sulphides to form 
ammonium thio-salts, with evolution of 11,8, 
e.ij. As,8,, -s 2NH,K]lAq = 2Nn,AsS,Aq-p IIN 
(». Ausksic, Tiiio-ACins of). 

(NH,);8; wliili',lustrous,crystals; casilysolublo 
in water, forming a colourless liquid which easily 
decomposes witli evolution of Nil, and formation 
of NH|IIS. V.N. 18’2 (calculated for 2 vols. 
NH, -h .1 vol. H,S = 17-0) (Neville a. Troost, 
C. Ji. .66, 891). Ileacts as a strongly marked 
base towards acidic sulpirides to form ammonium 
thio-salts. 

(NH,),S,; sulphur-yellow crystals, easily 
soluble in water and alcohol. Stable only iu_ an 
atmosidicre saturated with NH, and H,S; easily 
decomposed in air with evolution of NH, and 
H,S. A saturated aqueous solution is fairly 
stublo; more dilute solutions, and solutions in 
alcolrol, soon precipitate S. When heated, 
NH,HS and S are formed. 

(NHJjS,: orange-rod prismatic crystals, 
easily soluble in water and alcohol. These 
solutions *are very unstable, decomposing into 
(NH,),!!,, S, HjS, and NH„ and after some time 
also (NHj),8,0,. In dry air the crystals give oft 
NH, and N11,HS and are changed into (NH,),Sr. 

(NHJjS,: ruby-red crystals, much mots 
stable than any of the lower sulphides; decom¬ 
posed a» about 300°; soluble in water forming a 
fairly stable liquid which is only ^owly deoofli- 
posed by HGlAq. 

The liquid known as fuming Uguor of BoyU, 
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or vola^ Uwir o/ml^hur, oMefly oonsista of 0 
mixtard ol various ammonium polysulphidea; 
obtained by distilling a mixiuro of 1 part S, 
2 parts and 3 parts GaO. It is a dark 

S ellow, strongly smelling, and strongly fuming, 
quid. It dissolves sulphur and then no longer 
fumes in air. 

Ammonia reacts with many metallio salts 
to form compounds, several of which behave as 
if they were derivatives of ammonium chloride, 
sulphate, <kc., rather than double compounds of 
ammonia with the metallic salts in question. 
Thus NH, and PtCl^ form the crystalline com- , 
pound PtCl._..4Nn3; by the action of II.jSO., on : 
this, HCl is evolved, and there is produced ' 
PtS 04 . 4 NHj; decomposed by lia(OH)aAq this 
compound yields Pt{OH)2.4NH3, which loses H.p 
when heated, with production of Pt0.4NH;,. The 
compound Pt(OH)2.4NH3 is a markedly aikalino 
body* resembling NaOH or KOII; it neutral¬ 
ises 2 equivalents of a monobasic acid. The 
compounds PtOL.4NH3, PtS 04 . 4 Nfl 3 , and 
Pt(OII)2.4NH3, can scarcely bo regarded as double 
compounds of ammonia and platinum salts ; 
their reactions arc better suggested by supposing 
them to be derivatives of ammonium compounds, 
obtained by replacing part of the hydrogen by 
platinum. The name platinaminouium has 
been given to the hypothetical radicle 

The chloride of this radicle would beNgH^PtCl^; 
if two hydrogen atoms in the group N.^II^Pt are 
supposed to be replaced by two ammonium 
groups (NH.,) we get the hypothetical radicle am¬ 
monium-plat inammonium NJI,(Nn,).Pt. 
The componuds PtChriNHj, PtSO^.dNIIj, 
and Pt(On)v.4NH3 may be regarded as com¬ 
pounds of this radicle; thus Non 4 (NII.,)..Pt.CL, 
N,H,(NH,,),Pt.B 04 , N,ll 4 (Nn,),rt.{OII),,. ' 
Compounds are obtained by the action of 
NHaAq on Hg.CL and HgCL, respectively, which 
have the composition Ilg.NJLCl and IlgNlLCl; 
these react as derivatives of Nil,Cl in which IL 
is replaced by Hg^ and by Hg, respectively. TTie 
name mercuro-ammoniiim is sometimes 
given to the hypothetical radicle NHJTg^, and 
the name mercuri-ammonium to the hypo¬ 
thetical radicle NTI^Hg. 

A great many bodies are known the reactions 
and relations of which can bo gathered together 
into one point of view by considering them as 
compounds of various hypothetical radicles de¬ 
rived from NII^, NgHg, NyH,.., drc., by replace¬ 
ment of part of the hydrogen by various mclals. 
These compounds will be described under the 
headings of the various metals more par¬ 
ticularly the CUaOM-AMMONIUM-.COKAIiT-AMMONIUM*, 
COPPER-AMMONIUM-, MERCORV-AMMONIUM-, aud PLA¬ 
TINUM-AMMONIUM-, compounds; is the articles 
CiiBOMioM, CoBAia’, Copper, Mercury, and Pla¬ 
tinum respectively). 

Ammonium salts, i.e. derivatives of acids 
obtained by replacing H by the group Nil,, 
are described under the various headings 
OARRONATE8, NITRATES, SULPHATES, ^C. drC. TllC 
principal salts are the following :—Anii- 
momte;' arsenate, arsenite; borate; broviate, 
dc. ; carbamate; carbonates; chlorates, chlorite, 
de»; chromates; eyanates; cyanide; iadatc,^- 


ioddU,M»t fnolybdatesi nitrate, nitrite, tSf.; 
phosphates; selenite, dc»; silicates; svlphamaUp 
dc»; sulphates, sulphites, dc.; tantalate; tellu^ 
rates; tmoarsenaies, thiocyamtes, thiosulphates, 
dc. For an account of the general properties of 
these salts v. beginning of present article. 

M. M. P. M. 

AM0XT-. Contraction for amyl derivative 
of OXY-. 

AMTDEGllLFNIC ACID v. Decenoic acid. 

AMYGDALIC ACIii or 

Formed by boiling' amygdalin with baryta. Deli¬ 
quescent crystalline mass, insol. alcohol, and 
ether. By boiling with H^.SO^ and MnOj it 
yields formic acid, COo, and benzoic aldehyde 
(Jiiebig a. ^Y 0 hler, ./4.22,11; CG, 240; Scbiff, 

154, 318). 

Acetyl derivatives and 

C2oIL,Ac,0.3 (S.). 

AMYGDALIN C,JI,,NO„3aq. [200'"]; after 
solidifying it melts at 125'"-130'" (Wdhler, A. ll^ 
155). Mol. w. 611. S. 8 ' 6 atm 

Occurrence.— In bitter almonds (Robiquet a. 
Boutron, A. Ch. [ 2 ] 44, 352); to a small extent 
in sweet almonds; in laurel leaves {Cerasus 
lauro-cerasus); in the leaves, blossoms, end 
bark of the birdcherry {Frunus padus) ; in young 
shoots of the apple tree; and in the kernels of 
apples, pears, and peaches (liicgel, A. 48, 301; 
\Vicko, A. 79, 79 ; 81, 241; Lehmann, N. B» P. 
23, 449). 

Preparation. —The almond-cake from which 
the fatty oil of almonds has been removed by 
pressure is extracted with boiling alcohol; the 
filtrate is concentrated and the amygdalin ppd. 
by ether. 

Properties. —White pearly scales or thin 
prisms (from water). Insol. ether. 

Beactions. —1. Under the influence of emul- 
sin or of boiling dilute II.^SO^ it is split up 
into benzoic aldehyde, prussic acid, and glucose 
(Liebig a. Wohler, A. 22,17): 

C,„H,,NO„ + 2 JI,0 = C,H,0 -I- CNH + 2CeH,20,.— 

2 . ' lOInO, forms cyanic and benzoic acids.— 

3. Potash or baryta form amygdalic acid.— 4. 
Cone. HCl gives inandclio acid, glucose, aud. 
NII 3 . — T). PCI 3 gives CyCl and bcnzylidene 
chloride.— 6 . Zn and dilute hydrochloric acid 
give C..H,.CH.,.CHo.KkL (Fileti, B. 12, 297). 

Acetyl derivative C^,lL„Ac,NO,,. Long 
needlofi (from alcohol); iusol. water (Schiff; A» 
154, 338). 

Amorphous amyydalin has been described 
by Winckler {B. J. 20 , 428), Neumann {B. J, 23, 
603), Simon (.4.31,203), andLchmanii {loc. cit*)* 

AMYL CjH,,. I'eniyl. A monovalent basyl- 
ous radicle which can occur iu eight forms i 
n-amyl, CH 3 .CH,,.CH...C 1 I..C 1 L; 
iso-butyl-carbii«vi (CII,).,CH.CIL.Cn.,; 
sec-butyl carbiuyl. (Cli^jCiqC^HJ.CH,; 
tcrt-butyl-carblijyl (ClUlaC.CIL; 
methyl-7t-propyl-carbinyl,CHa.Cn2.CH2C(CHg)Hi 
methyl-isopropyl-carbinyl, (CH 3 ). 2 CH.C(CH,)H; 
di-ethyl-carbiiiyl (C 2 H 5 ) 5 .CH; 
and di-methyl-ethyl-carbinyl (CHs)a(d 5 Hi) 0 . 
Ordinary amyl alcohol is a mixture of Mo-butyl- 
carbinol and sec-butyl oarbinol, and it is from 
this mixture tliat most of the amyl compounds 
have been prepared. The term ‘iso-omyr com¬ 
pounds will, for the sake of brevity, be used io 
this dictionary to denote the mixture of amyl 
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sompoimls prepared tram tUiKTina. Insemnoh 
as the proportion of the two constituents of 
‘isoamyl’ alcohol varies with its source, ‘iso¬ 
amyl ’ compounds prepared by different chemists 
can hardly be expected to possess identical 
physical characters. Amyl derivatives of hy- 
droxylio carbon compounds arc described under, 
the compounds of which they are the ethers. 
Bi-smyl (0,11,,)., or v . Deoake. 
AMYL-ACETYLENE y. riiirriNicNR. 

AMYL ALDEHYDE v. Vaekuic aloeiitde. 
AMYL ACETATES C,H,.0-.' Pentyl acetates. 
Mol. w. 130. 

Preparation. — Similar to that of ethyl 
acetate, p. 14. 

«-Amyl acetate. (147'C°) (Gartenmeister, 
A. 283, 260); (148'4'’) at 737 mm. (Liebcn a. 
Eossi, A. 15!), 74). S.G. g -SOlS; gg •8774 (G.). 
C.E. (0“-10=') -00106 (G.). S.V. 173-8 (G.). 
Prepared from «-amyl iodide and silver acetate. 

Iso-amyl acetate. (137-6°) at 745 mm.; 
(188-9°) (H. Schiff, A. 220,110). S.G. -8762 
<MendeI5eff, J. 1860, 7); f -8561 (Briihl). 
Pe 1-4088 (B.). Etc 59-7 (B.) S.V. 174-6 (S.). 
Is largely used as a flavouring agoiit to imitate 
jai-gonellc pears. 

Methyl-propyl-carbinyl acetate. (133°-135°) 
(Wurtz, A. 118, 132); (1340-137°) (Schorlem- 
mer, A. 161, 269). S.G. ^ -922 (W.). 

Methyl-isopropyl-carbinyl acetate. (125°) 
(Wurtz, A. 129, 367). 

Di-ethyl-carbinyl acetate. (132°) at 741mm. 
S.G. s -909 (Wagner a. Saytzeff, A. 175. 306). 

Tert-amyl acetate. (124°) at 750 mm. 
S.G. 2 -891 (Flawitzky, A. 179, 348). Decom¬ 
posed by heat into amylcne and acetic acid 
(Menschutkin, C. It. 95, 618). 

AMYL ALCOHOLS CJI.A Mol. w. 88. 
Theory indicates 8 amyl alcohols {v. Auvn), viz.; 

4 primary, 3 secondary, and 1 tovtiary. One of 
these, tert-butyl carbinol, is unknown. 

re-Amyl alcohol CIl 3 .CHj.Cn,,.CH 2 .CII-.On. 
(137°) at 740 ram. (Liebcn a. Eossi, C. it. 71, 
370); (137-9° i. V.) (Zander, A. 224, 81). 
S.G. g -8282 (Z.). C.E. (0°-10°) -00091 (Z.) 
8.V. 123-4 (Z.). 

Occurrence. —In fusel oil (Wysohnegradsky, 
A. 190, 350). 

Formation. —1. From »i-valcrlo aldehyde and 
aodium amalgam (L. a. E.).—2. From »-amyi 
chloride (Schorlemmer, A. 161, 268). 

Inactive amyl alcohol 

t0H,)3CH.CHrCH.0II. (1.30-5°-131-2°) (Lacho- 
wicz, A. 220, IM); (131-5° cor.) (I'crkin). 
'S.G. M -8135; ff -8078 (P.). M.M. 5-959 at 
18-6° (P.). Fusel oil is a mixture of active and 
inactive amyl alcohol; they can be more or 
less separated either by passing HCl into the 
boiling alcohol, when the inadtivc alcohol is 
converted into amyl chloride more readily than 
its isomeride (Le Bol,C. It. 77,1021); or by means 
^«f the barium salts of the two amyl-sulphuric 
acids, CsIIiiSO,!!, the active salt being the 
more soluble in water (Pasteur, C. B. 41, 296). 
The simplest way to obtain an inactive amyl 
alcohol is carefully to fractionate iasel oil (h.). 
The same alcohol can bo prepared from iso- j 
butyl atcohol by converting it first info valeric I 
sold (Balbinuo, O. 6, 329 ). I 

bo-amyl aleoboJ. | 

mixfore <rf (0ig,CH.0H,0H,0H and! 


(CHj)OH(OjHJ.OHjOH. Fermentainm amyl 
alcohol. Fusel oil. (o.—184°] (Olszewski, 
M. 6, 128). (130-6°-131°) (B. Schiff, A. 220, 
102). S.G. -8104 (BruU, A. 203, 23). S.H. 
•679 (Diaconoff, Bl. [2] 38,172). Latent heat 
of vaporisation 123-8 (D.). S. 2-5 at 16°. 
H.F.p. 74,890 (Thomsen). H.F.v. 71,700 (T.). 
gs 1-4124. E* 43-08. S.V. 122-7 (S,). Critical 
temperature 307° (Pawlewski, B. 16, 2634). 

Occurrence. —Formed in small quantity in 
the alcoholic fermentation of saccharine liquids. 
Isoamyl angelate and isoamyl tiglato occur in 
Eoman oil of chamomile (Kobig, A. 195 99). 

Properties. —Poisonous liquid with powerful 
odour. Its detection in alcohol is described on 
p. 96. It burns with smoky flame. 

Decomposition.—1. Its vapour led through a 
red-hot tube produces acetylene, ethylene, propy¬ 
lene, and butylene (Wurtz, A. 104, 242).—2. 
S..OL gives amyl chloride and amyl sulphite 
(Carius a. Fries, A. 109,1).—3. PCI, and PCI, 
form amyl chloride.—4. Potash-lime at 220° 
gives hydrogen and potassio valerate.—5. ZnCl, 
produces amylcne (q. v.). Hot II.SO, and P.,0, 
act similarly.—6. Poured upon bleachinypowder, 
it reacts in less than an hour; the distillate 
decomposes with evolution of Cl. and IICl, and 
then contains amyl alcohol, valeric aldehyde, 
and amyl valerate (Goldberg, J.pr. [2] 24,116). 

Compounds. —(C,H,.0)2SnCl,. Deliquescent 
crystalline plates, decomposed by water (Bauer 
a. Klein, A. 147, 249).—C,H,.,0,SbCl,.-Cryslal- 
line.—(C5lI|„0)3CaClj (Heindf, M. 2, 209). 

Sodic amylate, C,TI„NaO,2C,II|.p (Froh- 
lich, A. 202, 295). At 165° it combines with 
CO forming sodic isovalerato and the sodium 
salt of an acid C„n|,0,. CO passed over a mix¬ 
ture of NaOCjHn and NaOAo ait 180° produces 
sodic formate and the sodium salts of a variety 
of acids, the principal being iso-bcptoic acid 
(q. V.) formed by substitution of H of acetic acid 
by CjII,,. Another product is oxy-vinyl-hcptoio 
or oxy-ennenoio acid (q. v.). An acid crystallising 
in needles C,|H„0, [139°] is also formed; its 
empirical formula is that of di-acetyl-heptoio 
acid (Poetsch, A. 218, 56). 

Potassium amylate C,II|,OK. White 
silky crystals (de Forcrand, C. It. 104, 68). 

Thallium amylate CsHnOTl. S.G. 2-5. 
An oil obtained by heating thallium ethylate 
with amyl alcohol. 

Aluminium omyZafe Al(OC,H|,),. [70°]. 
,8.G.l -9804. Formed by action of All, and 
iodine (Gladstone a. Tribe, C. J. 39, 7; v, 
Ai.uaiiHiuu loDinE, p. 148). 

Active amyl alcohol CEtMeH.Cn.,OH. (128°) 
(Pedler, A. 147, 243); (127°-128°) (Just, A. 220, 
119). o„ -2-3° (J.); -4-4° (Le Bel; Pierre a. 
Puchot). 

Occuireticc.—In fermentation amyl alcohol, 
which is thus rendered more or leas lievorotatory. 

Prcparalioit.—Described under inactive amyl 
alcohol. 

Properties. —In a sample for which a was 
only -1-14°. Perkin (C. J. 45,470) found S.G. 

-8150; II -8091; and M.M. 5-94 at 20°. A rota- 
tion of morejbaa i-i°totbe left (in a tube 100 
mm. long) has been observed by Loy (O-11-5°), 
and by Podlor (—8-6°). 

Beactions. —1, A dilute solution mixed with 
yeast, pankUlmm gkmeum, and a little EfSO, 
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becomes dextrorotatory. The netr dextro¬ 
rotatory amyl alcohol forms a Isvorotatory 
iodide (Le Bel, Bl. 81,104).—2. On oxidation it 
yields a dextrorotatory valeric acid, boiling at 
170® (Pedler).—3. Hot NaOH renders it inactive. 

References.—Vaaimx, C. B. 41, 206; A. 06, 
265; Popoff,B.6,660; Ley,B. 6 , 1302; Erlcn- 
meyer a. Hell, A. 100, 257; Pierre a. Puchot, 
C. B* 76, 1332; Bakhoven, d. pr, [2J 8 , 272; 
La Bel, B. G, 70; 0, 358, 732; C, li. 82, 662; 
Bl. 26, 645; Pedler, A, 147, 243; Chapman a. 
Smith, Pi\ 17, 308. 

Methyl-n-propyl-carbinol Pr.CMcH.OII 
(119®). S.a.2-824. 8.13-7. 

Formation. —1. From its iodide.—2. By re¬ 
ducing methyl propyl ketone with sodium- 
amalgam (Belohoubck, B. 9, 924). So prepared 
it is inactive, but if it be dissolved in 20 pts. 
water penicillium glaucum bo introduced, it 
becomesIfevorotatory(a --6'5®) (LoBcI, C. jR. 89, 
312).—3. From acetyl chloride and zinc propyl 
(Markownikof!, Bl. [ 2 ] 41, 259). 

Reactions. —1. Oxidation gives methyl propyl 
ketone.—2. Gives tho iodoform reaction. 

Methyl-isopropyl-carbinol. Pr.CMoH.OH, 
(113®). S.G. 2 *833 (Wischnegradsky,^. 190,338). 

Formation, —1. From methyl isopropyl ke¬ 
tone with sodium-amalgam (Milnoli, A. 180, 
839).—2. By adding water to the product of the 
action of zinc methide on bromo-acetyl bromide 
(Winogradoli, A, 191, 125), or chloro-iicetyl 
chloride (Bogomoletz, A. 209,86; Bl. [2j 34,330). 

Reactions. —1. Cone. H._.S 04 forms tri-mcthyl- 
ethylone, MeaC:CMeH, which may bo converted 
by warm cone. HI into tho iodide of tertiary 
amyl alcohol.—2. Oxidation gives raetliyl iso¬ 
propyl ketone, acetone, acetic acid, and COj.— 
3. PCI 4 forms a chloride (87°). 

Di-ethyl cartinol Et^OH.OH. (117“). S.G.!! 
*832. Formed by adding water to the product of 
the action of zinc ethide on ethyl formato 
(Wa^cr a. Saytzeff, A. 175, 351). Tlie first 
reaction may be written HCO.OEt-t-2ZnEt..= 
HCEt(OZnEt)Et + ZnEt{OBt). Water then dis¬ 
places OZnEt by OH. It gives di-cthyl ketone 
on oxidation. 

Tertiary amyl alcohol £t.CMoo.OH. 
Bi-methyl-ethyl-carbinol. Amylcne hydrate. 
[-12°]. (102° cor.) (Perkin, C. J. 45, 471). 

S.G. if *8144; U *8070 (P.). M.M. 5-99 at 
19®. H.P.p. 84,510. H.F.V. 81,320 (Th.). 
S.V. 121*3 (K. Sohiff, A. 220, 102). 

Fortmtion. —1, From tertiary amyl iodide 
(g. V,), —2. From zinc methide and propionyl 
chloride (Popoff, A, 145, 292; Jermolajeff, if. 
1871, 275; Wyschnegradsky, A. 190, 336). 

Preparation. — Amylone (1 vol.), prepared 
from ordinary amyl alcohol, is shaken with an 
ice-cold mixture of water (1 vol.) and H^^SOf 
(1 vol.). ^ 

Reactions,^!. On oxidation it gives riso to 
acetone and acetic acid.—2. When introduced 
into the stomach (of a rabbit) it is excreted us a 
glyouronate, OuIIgoO,, which is split up by acids 
into tho alcohol and glycuronic acid (Thiorfelder 
a« Mering, H. 9, 515).—3. Slowly decomposed 
by heat at 2 ^ 0 ® into HgO and amyiene this de¬ 
composition *does not take place unless traces 
of HOI or HI ate present (WolkoH a. Bougaiefiff 
B. 1885, 276). 


AlCTLAJaNSB 

Homal Amylamine 

OH,.CHa.C]^.OHa.CH3.NH, (IDS'*). 

Formation, —From the amide of normal hexoio 
acid by the action of bromine and potash (Hof¬ 
mann, B. 15, 770). A mixture of 1 mol. pro¬ 
portion amide and 1 mol. bromine is run into 
excess cf 10 p.c. solution of potash at 60°. 

Amvlauines fbom A&ivl Alcohol of Fsb- 

MENTATION :— 

Ordinary Amylamine* 

(Cig...CH.CH„.CIR.NH2 (95°-9C°). S.a.ia-7603. 
S.V. 126-84 (Schift). 

Formation. —1. Amyl cyanato or cyanurate 
with potash (Wurtz, A. Ch. [.3] 30, 447; Brazier 
and Gosslcth, A. 75, 252).—2. Dry distillation of 
animal substances (Anderson, A. 105, 335).— 
3. Dry distillation of loucino (Schwanert, A. 102, 
225). -4. Amylsulphate of potassium with alco¬ 
holic ammonia at 250® (Berthelot, A. 87,372).— 
5. Distillation of horn with aqueous potash 
(Limpricht, A. 101, 296).—6. Caustic potash on 
llannel (Gr. Williams, Chem. Gaz., 1858, 310).— 

7. Amide of isohexoic acid (isobutylacetamide) 
with bromine and aqueous potash (Hofmann, B. 
15, 770).—8. In tho decomposition of yeast 
(Miiller, J. 1857, 403). 

Preparation, —Amyl bromide is heated to 
100° with alcoholic ammonia in large excess, 
tho alcohol evaporated and tho residual hydro- 
bromides decomposed with potasli. Tho oily 
layer which consists of mono-, di-, and some 
tri-, amylamine, is dried with caustic baryta and 
fractionated. Or, potassium amyl sulphate is 
distilled with potassium cyanato; the resulting 
amyl cyanato and cyanurate distilled with 
strong potash; the distillate neutralised witli 
hydric chloride, evaporated and crystallised; 
and the amylamine obtained by distilling the 
hydrochloride with lime (Wurtz; Silva, Bl, [2] 

8, 363). 

Properfies.—Colourless liquid, miscible with 
water and alcohol. 

Reactions. —1. Oxidised by chromic acid to 
isovaleric acid (Chapman a. Thorpe, A. 142, 
177).—2. With ClCO-jEt yields ethyl-arayl-car- 
bamate, CjHjiNHOOjEt (amylurethane) (Ouster, 
B. 12,1329). 

Salts.—B'lICl: scales; sol. alcohol.— 
B'jjHjjPtClrt: scales; sol. hot water, insol. alcohol. 
—Auroohloridc: scales. 

OoMibmafmn.—With carbonic disulphide it 
forms C'‘H-'‘N-S*(2C*H‘*N + CS-) while shining 
scales, insol. water and ether, sol. alcohol 
(Hofmann, C. J. 13, 60), 

Active Amylamine.—The amylumines ob¬ 
tained from active amyl alcohol, probably 
(CJI.,){CH3)CH.C14 iOII (Erlcnmcyer; v. Amyl 
alcohols; Sauer, B . 8, 1037), are optically active, 
and their salts arc much more ditlicult to crys¬ 
tallise than are those of the corresponding 
inactive compounds (Plimpton, G. J. 30, 332). 
Amylamine from alcohol rotating 4° for 10 cm. 
rotated 3° 30' to tho left; (96°-97°) *, S.G.* £ 
*7725.— Ily drochloridc i deliquescent; icobly 
dextrogyrate.— Platino-chloride i scales; sol. 
hot water. S. 2'4atl4°.— Aurochloride; sol. 
alcohol; separates on slow evaporation in 
lozenge-shaped crystals with tho acute angles 
truncated. 
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IhmUt* AajliaUM bom huotivt amyl 
ohioriae. (ee'-gT"). ao.j •7678j -Tm. 

—Hydrochloride: rtystalliBes well.—PJa- 
tinoehloride S. 1*7 at 14°: eoales.—iluro- 
chloride: sol. alcohol; lozenge-shaped crystals 
with one sente angle truncated. 

Diamylamine (C.H.,)jNH. (180°-187’). 

S.a.s -7820 (Silva). 

Formation. —1. From ord. amyinmine and 
ord. amyl bromide (Hofijnann, d.79,21).—2. From 
amyl cyanide and potash (Silva, Z. 1807, 457). 
8. From amyl bromide and alcoholic ammonia 
(Custer, B. 12, 1329; Plimpton, C. J. 39, 332; 
Bell, B. 10, 1867).—4. From amyl chloride and 
aqueous NH, at 140°-165° (Mallot, C. 11. 104, 
993).—5. From the nitroso-oompound (Custer, 
B. 12,1333). 

Properties.—Oily liquid; si. sol. water. Re¬ 
acts with Cl.CO«Et yielding diamylurethauo 
(Custer). 

Salts.—B'HCl: lamina); crystallises well 
from hot water.--(B'HCl).PtClj: sol. alcohol, si. 
sol. water. Auro-ohloride: sol. alcohol, insol. 
water. 

Active Di-amylamine. (182°-184'’). S.G.J 
•7878. From active amyl bromide. ( V. active 
amylamine) (Plimpton, loo. cit.) Dextrorotatory 
(5° 15' for 10 cm.). 

Hydrochloride : soluble in water, alcohol, 
and ether. Much more soluble in cold water 
than the inactive salt. Solution rotates to the 
right. Platinochloride: sol. alcohol, insol. 
water. Crystallises from dilute alcohol in 
octahedrons. Auroehloride : insol. water, 
sol. alcohol. 

Inactive Di - amylamine. (18C‘’-187°). 
S.G. 4 ’7878 ; ’* '7770. From inactive amyl 
chloride (Plimpton). 

Hydrochloride: lamina); rotates when 
thrown on the surface of water. Insol. ether.— 
Flatinochloridc: sol. alcohol, insol. water. 
Crystallises easily from dilute alcohol in 
rectangular prisms. 

Triamylamine (C,n„) 3 N. (237°). From 
diamylamine and amyl bromide or from amyl 
bromide and ammonia (Ilotmann, A. 79, 22). 
Amyl cyanato and potash (Silva, Z. 1807, 458). 
Oily liquid, insol. water. 

Salts.'—B'HCl: crystalline mass with 
lustre of mother-of-pearl. 1’ 1 a t i n o c h 1 o ri d o: 
rhombic prisms; insol. water, sol. alcohol. 

Active Triamylamine. (230 -237°). 
S.G. ’7964. Prepared from aiitivc iiniyl 
bromide (3®) and active diaiiiylamino (.7^ 10'). 
Botates 44® 15' to the right for 10 cm. (riimptoH) 
loc, CU.)e 

Hydrochloride : syrup which solidifies 
over sulphuric acid. Solution strongly dextro¬ 
gyrate. “ 

Aurochloridci needles; insol. water,sol. 
alcohol. 

Inactive Triamylamine. (237°). S.G. ‘788, 
from inactive amyl chloride and ammonia. 

^ Sydrochloridci crystallises from water 
n prismatic needles, from ether in pearly 
scales.— Aurochloride: needles; sol. alcohol. 
Inactive triamylamine may bo separated from 
nactive diamylamine by treating the hydro¬ 
chlorides with ether which dissolves the triamyl- 
imine salt. 


• s'j®*****/ (?»®’‘i).NI. ftotS drf&niiy wnyl 
looide and triamyiamine or amyl iodide and 
ammonia (Hofmann, 0. /. 4,816). The mixture 
of triamylamine and amyl iodide is boiled and 
after three or four days solidifies on cooling 
into an unctuous crystalline mass. Monoolinio 
lamiaie (Lang, de 1867, 491). Dissolve* 
sparingly m water forming an extremely bitter 
solution from which it is ppd. in a crystalline- 
form by alkalis. Boiled with silver oxide it. 
yields a very bitter alkaline solution of 
Tetramylammonium hydroxide* On 
mixing the liquid with potash or on concentra¬ 
ting, the hydroxide separates as an oily layer,, 
which gradually solidifies. By evaporating a 
solution of the hydroxide in an atmosphere free- 
from carbonio acid, crystals containing several 
molecules of water are obtained When heated 
these crystals melt and give off water, tri- 
amylaminc, and a hydrocarbon which is pro¬ 
bably amylcno. 

(OiH,,)^NCI: lamina) with palm-like ramifi¬ 
cations. — ((CJI„)^NCl)aPtCl,: orange - yellow 
needles.—long capillary threads.— 
Nitrate: needles. — : large deli¬ 

quescent plates. 

Amylamine. Corresponding to methyl pro¬ 
pyl carbinol. {CH,)(C 3 lX.)CHNH,. (89°-91°)w 
By reduction of methyl propyl ketone phenyl 
hydrazido in alcoholic solution with sodium 
am.algani and acetic acid (Tafel, B. 19, 1924).. 
Mobile liquid, smelling strongly ammouiacal, 
miscible with water, alcohol, and other. 

Hydrochloride : silky needles. — 
Platinochloride: yellow needles; sol. water 
and hot alcohol, less so in cold alcohol.— 
Oxalate ; crystalUsesfromhot alcohol in scalcs- 

Tertiary amylamine. (OH,)..(a,H,)CNH,. 
(77-5°-78°). S.G. S-7611; -7475. Tormcrly 

considered to bo (CH 3 ),CH(CII,)CHNH^ on 
account of its formation from tho cyanato 
corresponding to Wurtz’s amylene hydriodido 
and amylono hydrate, then regarded as iso¬ 
propyl-methyl carbinol, and now shown to bo di¬ 
methyl-ethyl carbinol (Flavitzky, /1.179, .310). 

Formation, —1. From pseudoamvlurca and 
strong potash (Wurtz, BL [2] 7, 113).—2. By 
tho action of dimethyl ethyl carbinol iodide on 
tlio cyanides of potassium and mercury, and 
treatment of tho nitrile so obtained with hydrio 
chloride (Wyschnogradsky, A, 174, 00).—3. By 
treating tho product of the action of tho samo 
iodide upon silver cyanato with strong hydrio 
chloride (Budnow). 

Properties, —Odour '’.mmoniacal; pps. copper 
salts but does not rcdissolvo the ppd. cupric 
hydrate. 

Hydrochloride ; oflloroscent scales, or 
octahedrons, from alcohol and ether. — 
Platinochloride ; fine crystals derived from 
a monoclfhic prism, easily soluble water and 
alcohol. — Aurochloride ; large yellow 
crystals, monoclinio. 

lieactions, — With bromine it forms brom- 
amyl-amine CjU,j{BrN which can be distilled with 
steam (Wurtz). B. T. P. 

AMfe-AKItlNE 0„H„K i,6, 0,H,.NH0.H„. 
(258°^. Mol. w. 163. From aniline'and isoamyl 
bromide (Hofmann, C. J. 8, 297). Smells, when 
cold, like roses. When its hydrochloride i$ 
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h«aM *1890* it (AragM to the Mroefaldrida 
^ amido^phenyl-pentane, O^n.OA-KH, (Hof¬ 
mann, £.7,629). 

Iioamyl-oniUne (243°) at 

720 mm. Colourleas oil. V. boI. aloonol, ether, 
and benzene, insol. water. Is a by-product of 
the action of isovaleric aldehyde and HOI upon 
aniline. Salts.—B'HCl: eolourlessprisms,v.sol. 
water. The nitrateand oxalate are sparingly 
soluble. The picrate is a reddish-yellow oil. 

Acetyl derivative C,H,.N(OjH||)Ao, 
(278°) at 720 mm., colourless fluid, v. sol. alcohol 
and ether; insol. water. 

Nitrosamine C,n 5 .N(C,H,,)NO: oil; vola¬ 
tile with steam; v. sol. alcohol and ether, insol. 
water (Spady, B. 18, 3378). 

Di . isoamyl - aniline CjH,N(CjH||) 2 . 
(275°-280°) (Hofmann, A. 74,168). -B'jITjPtCl„. 

Iso - AMYL - ANIHEACENE C„H,„ i.e. 

,C(O.H„)s 

0,h/| [59°]- I'rora ““yl- 

'CH 

hydro-anthranol by boiling alooholie HCl. 

Preparation. —Anthraguinono (30 g.), zine 
dust (100 g.) NaOH (50 g.), water (160 g.) are 
boiled together for 6 hours and then amyl 
bromide is odded. The liquid is poured oft, and 
the pp. dissolved in alcohol, reppd. by water, 
and boiled with alcoliolio HOI (Liebermann, 
A. 212,104; B. 14, 796). 

Properties .—Long sea-grccnnccdleswith blue 
fluorescence (from alcohol). Cone. ILSO, gives a 
green solution. V. sol. ben'zene, CS,, chloroform, 
or benzoline. Picrate forms red needles 
[116°], CrO, in IIOAc gives amyl-oxauthranol. 
Forms a bromo compound 

[76°]. Picrate [110°]. 

Forms also a corresponding chloro-deriva- 
five [71°]. Picrate [108°]. 

iso-Amyl-anthraceno-ai-hydride 

0„H„ i.e. (350°) ; 

(292°) at 670 mm. S.G. 1-031. Prepared by 
reduction of amyl-oxanthranol with P and HI 
(Liebermann, B. 14, 457; 16.1000; A. 212, 79). 
Clear fluorescent liquid. Miscible with alcohol, 
ether,benzene, and acetic acid, in all proportions. 
On oxidation with HNO, anthraquinono is 
formed. 

Iso-AMYL AESENATE (OjH„),AsO, (Crafts, 
Bl. 14,101). 

Iso-AMYL AESENIIE (C^H.J.AsO,. (288°) 
(Crafts, Bl. 14,106). 

n-AMYL-BENZENE. Phenyl-pentane. C|,H„ 
i.e. Ph.CHj.CII.,.CHj.CHrCH,. Mol. w. 148. 
(201° uncot.) at 743 mm. S.G. M -8602. From 
benzyl bromide, «-butyl bromide, and sodium 
(Schramm, A. 218, 338). Pleasant smelling oil. 

lieaction. — Bromine vapour at 150° gives 
»Ph.CHUr.CHj.CHj.Cn.;.CHj (?) •which on 
distillation gives Ph.CH;CH.Cnj.CII.CII, 
(210°-215°) which combines with Br^ forming 
l>h.CHlir.CHBr.CH,.CH,.CH,. [54°]. 

Isoamyl-benzene (193°) at 738 mm. S.G. ^ 
•859. From bromo-bonzene, isoamyl bromide, 
and Na (Fittig a. Tollens, A. 129,»369; 131, 
813; Bigolf a. Fittig, A. 141, 160; Schramm, 
A. 218, 390). Also from isoamyl chloride, ben¬ 
zene, and AlCl, (Friedel a. Crafts, A. Ok. [6] 
1,4.54). 

Von. I. 


■ BMcii^^Bromin* vapour at 160° give* 
»Ph.OHBr.OH,CH(Oiy,(?) which on distillation 
gives HBr and Ph,CH:OH.OH(CHJ|j, phenyl- 
isoamylene, which forms a dibtomide [129°]. 

Di-ethyl-oarbinyl-benzene Ph.CHEtj. (178°). 
S.G.il-873. 

Formation. —1. From benzylidene chloride 
and zinc ethide (Lippmann a. Luginin, Z, 
1807, 674).—2. From benzo-trichloride, Ph.CCl,, 
and zinc ethide (Dafol t, M. 4,153, 016). 

rerf-amyl-benzenc Ph.CMo.jEt. (c. 187°). 
S.G. s -874. From tert-amyl chloride, benzene,, 
and AlCl, (Essner, Bl. [2] 38, 212). 

Di-isoamyl-benzene C|„H..a i.e. (CjH„).,C,H,. 
(o. 205°). S.G. 2 -887. From benzene, isoamyP 
chloride, and AlCl, (Austin, Bl. [2] 32,12). 

AMYL-BENZENE SULPHONIC ACIDS. 
C„H„SO, i.e. C,H,..C,n,SO,H. 

Isoamyl-benzend stilplionic acid. Dcliques- 
cent crystalline mass (Fittig a. Tollens, A. 
131,315). Salts.— KA'aq.—BaA',: hair-like- 
needles. 

Di-etliyl-carbinyl-beiizeiie sulpiionic acid 
CnF.t,.C.H,.SO,H. Salts.-BaA'ajaq: pearly 
leaflets, si. sol. water and alcohol (Dafert, M. 

4, 817). 

p-Iso-AMYL-BENZOIC ACID C.^Hi.O, t.e. 
C.H,(C,n|,).CO.,H [1:4] [158°]. Formed by 
saponification of the nitrile. Sublimes in flat 
colourless needles. Sol. alcohol, ether, and hot 
water, si. sol. cold water. Salt: AgA': small 
colourless needles, si. sol. cold water (Kroysler, 
B. 18,1710 . 

p-Iso-AMYL-BENZONITEILE 
C„H,(CJI,,).CN (280°-2G3° uncon-.). Colourless 
oil. Formed by heating tri-isuamylphenyl- 
Iihosphate with dry KCN; yield —20 p.c. (Kroys¬ 
ler, B. 18, 1709). 

Iso - AMYL BOSATE C„H„BO, 44 . 
(C,H,,0),B. (254°). S.G. 2 -872. 

Iso-amyl borate (C.,TI„0)1J0. S.G. 2-971. OU. 
n-AMYL BEOMIDE C,H„Br i.e. 
Cn,.Cn.,.CH...ClI,,.CH.,Br. Mol. w. 151. (129°). 

5. G. 2 1-246. From n-amyl alcohol (Liebon a. 
Eossi, A. 159, 73). 

Inactive amylbromide (ClT,).,CH.CH,.CH,Br 
(120-6° i. V.) at 734 mm. S.G. 1-026 (Lacho- 
wioz, A. 220,171). 

Isoamyl bromide (118-5°) at 756 mm. (B. 
Schift, B. 19, 503). ll.F.p. 34,000 (Berthelot). 
S.V. 138-6 (S.); 143-8 (Ramsay). For a speci¬ 
men which rotated -f -62° in 100 mm, Perkin 
(C. J. 45, 458) found: (120-5° cor.); S.G. (f 
1-2193; p 1-2083; M.M. 9 04 at 17°. 

Active amyl bromide (H7°-120'); S.G. 14 
1-225 (Le Bel, jBJ. [2] 25,645). Dextrorotatory; 
a= +3-75°. 

n-Sec -amyl bromide CH3.CIL.cn j.CHBr.CH,. 
(113°) (Wnrtz, A. 125, 118). Formed when 
isoamyl bromide is heated at 230° (Eltekow, B, 
8,1244). 

Xso-scc-amyl bromide (CHj)...CH.CHBr.OH,. 
(118°) (Wyschnegradsky, A. 190, 357). 

rcrt.amylbromideCII,.CH3.CBr(CH3)3.(10i°). 
AMYL-BEOMO- v. BiioMO-AavL. 
Iso-AMYL-CAEBAMIO ETHEE C,H„N0.3i*. 
CjHii'NHCO.iEt. Amyl-urethane. (218°). S.G. 
•93. From isoamyl-amine and ClCOjEt (Ouster, 
B. 12,1328). Oil; sol. alcohol and ether. 

Dl-isoamyl-carbamic ether ( 0 ,H||) 3 N.C 03 Et. 
(247°). From di-isoamyl-amine and ClC 03 Et(C.)> 
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ba-JURl CABBAKHni OA'.N 0>H„Na 
(187®). Mol. w. 97 (Hotmann, i. 146,109). 

Iso-iXTL CABBOHATE 0„H*,0, ».*. 
(0^„),C0j(229» cor.). S.G. -91. 

^so-AMTl CETYL OXIDE C„H„0 U. 
O.H„00,„H„. [S0®J. Plates. 

n-AMYL CHIOEIDE C.H,,C1 i.e. 
OH,.CHj.CIL,.CHj.Ca,Cl. Mol. w. 106'6. (106®). 
S.G. ’873 (Laohowioz, A. 220, 191); '883 
(L. a. B.). Formed froip, »-amyl alcohol (Lieben 
a. Boss!, A. 169, 72; G. 1, Sl^) or by tho chlori¬ 
nation of M-pontane (Schorlemmer, .4.101,268). 

Inactive amyl chloride (CH3),^CH.CH.^CH2C1. 
(99'8°-100-6°). S.G. 22-870. From iso-pentana 
(Lachowitz). 

Iso-amyl chloride (99‘5°) (B. Sohiff, B. 19, 
662). S.V. 134-4 (S.); 13G'5 (Kamsay). In a 
specimen which rotated -l5-8® in 100 mm. 
Perkin(0.^.45,462) found: (97=-99®cor.)-, S.G. 
n -8801; M -8716; M.M. 7;17 at 19-5®. 

Formation. —1. From isoamyl alcohol and 
HCl (Balard, A. Gh. [3] 12,294), S,Gl^ (Carius a. 
Fries, A. 109,1), or PClj (Cahours, A. 37, 104). 

Beactions. —1. Converted into amyl alcohol 
by water at 100° (Butlerow, A. 144, 34), or better 
at 120® (Niederist, A. 180, 392).—2. H^SO, 
forms HCl and CjH,,SO,H (Oppenheim, J, pr, 
102, 339). 

Active amyl chloride 

CH,.CH..CH{CH3).CH,C1. (99°). o=-4l-24®. 

S.G. 12 -880 (Be Bel, Bl. [2] 25, 646). 

n-Scc-amyl chloride CH,.CH3.CH..CHC1.CH,. 
(104°). S.G. n‘891. Fromn-pcntano by chlori¬ 
nation (Schorlemmer; Lachowicz). From 
CHj.CH...CH;CH.CH 3 and HCl (Wagner a. Sayt- 
leff, A. 179, 321). 

Iso-sec-amyl chloride (CH,) 3 CH.CnCl.CH,. 
(91°). S.G.s '88. From (CHsj^CH.CH-.CHj and 
HCl (Berthelot, C. fl. 66, 700; Wurtz, A. 129, 
368; Wyschnegradsky, A. 190,357). 

s-Scc-amyl chloride EtjCHCl. (103®-105°). 
S.G. *1 ’OOO. From the alcohol (W. a. 8.). 

Tcrf-amyl chloride EtCMe. 3 Cl. (86°). S.G. i* 
•870. By action of PCI, on tert-amyl alcohol 
•or on methyl-isopropyl-carbinol (Wysohnegrad- 
Bky,A190,336; 191,331). 

AUYL-CHLOBO- v . Chlobo-amvi,. 


Iso . AMYL CYAHATE C.H„NO t.e. 
QHyN.CO. (136°). Prepared by distilling 
amyl-carbamio ether with P. 3 O, (Caster. B. 
12, 1330), or from OjH„SO,K and potassium 
cyanate (Wurtz, A. Gh. [3] 42, 43). With 
ammonia it yields amyl-urea, and with potash it 
yields amylamine. 

AMYL CYANIDE v. Amyi Cabbaminb and 
nitrile of Hexoio Acid. 

AMYLENE CjH„. Pmtene. Mol. w. 70. 

»-Propyl-ethyIene CB[i.CH 3 .CH 2 .CH:CHj. 
(40°). 

Formation.—1. Together with amyl acetate 
when KOAc and Ao^O act on re-amyl chloride at 
200° (Schorlemmer, A. 161, 269).—2. Together 
With di-allyl (prineipal product), pentane, and 
other bodies, in the action of zinc ethide on allyl 
iodide (Wurtz, A. 123, 203; 127, 66 ; 148,131). 

Properties. —Liquid; insol. H 3 SO 4 (2 vols.) 
dilated with water (1 vol.). 

Beaelions. —1. Gives Pr.CHI.Me with HI.— 
2. Alkaline KMnO, gives sucoinio, butyric, 
oxalic, and formic acids (Zeidler, A. 197.263), 


Iiopropyl-wthylNic (CH|>»0H.0H:CHr (21°), 
Formed together with EtCMe:G^ by action of 
alcoholic KOH on isoamyl iodide (WyschnS- 
gradsky, B. 10, 81; A. 190, 328). 

Properties. —^Liquid; insol. at 0° in HjSO, 
(2 vols.) mixed with water (1 vol.). 

iJeoefiores.—Does not oombino with HI at 
— 20°, but at 20° it combines slowly forming 
(CH3)3CH.0HI.CH,. 

s-Methyl-ethyl-ethylene CH 3 .CII;CH.Et. 

(30°). 

Formation. —1. From CHj.CH 3 .CHI.CH.,.CH, 
(Wagner a. Saytzeif, A. 176, 373; 179, 302), or 
Cnj.CHI.OH.,.CH..CH 3 (Wurtz), and an alcoholic 
solution of KOH.—2. From cthyl-orotonio acid, 
CH,.CH:CEt.C02H, by combining it with HBr 
and neutralising the resulting 8-bromo-di¬ 
ethyl-acetic acid: CHj.CHBr.CEtII.CO.,Na«!> 
NaBr-f COj-tCII,.CH;CEtH (Fittig, A. 200, 27). 

Reaction. —HI forms CHj.CHI.CH 2 .CHj.Cn,, 

re-Methyl-ethyl-ethylene Et.C(CH,):CHj. 
(32°). S.G. 2 -670. From active amyl iodide 
and alcoholic KOII (Lo Bel, Bl. [2] 25, .54(!). 

Properties. —Liquid; dissolves in HjSOj 
(2 vols.) diluted with water (1 vol.). 

Reactions. —III forma Cll 3 .CH.,.CI(CH 3 ).CH,. 

Tri-methyl-ethyleno (CH,,)..C:CH.CH,. (36°). 
S.G. 1 ? -6704; I!? -6014. M.M. 6-121 at 13-2° 
(Perkin, 0. J. 45; 448). 

Formation. —1. From CH,.CH 2 .CI(CH 3 ), 
(ErmolajeS, Z. [2] 6,27-5) or CH,.CHI.OH(Cn,), 
(Wy.) and alcoholic KOH.—2. From ethyl 
isoamyl oxide and RjOj (Fiavitzky, A. 109, 200). 

Properties. —^Liquid; soluble at 0° in HjSO, 
(2 vols.) diluted with water (1 vol.) 

Reaction. —HI forms (CH 3 ) 2 CI.CH 2 .Cn,. 

Iso-amylene. (30°). S.G. ” -061; ’GIS. 
H.F.p. 10,000 (Berthelot); 18,970 (Th.). H.F.V. 
16,660 {Th.). V.D. 2-47 (for 2-42). S.V. 110 
(B. Sehifl, A. 220, 89); 110-8 (Eamsay). 

1-3813. Boo 39-29 (BrUhl). A mixture of tri- 
methyl-ethyleno (90 p.c.) and re-methyl-cthyl 
ethylene (10 p.c.) with a small quantity of 
isopropyl-ethylene (Fiavitzky, A. 179, 340). 

Preparation.—Prom isoamyl alcohol and 
ZnClj, many other hydrocarbons being also 
formed (Etard, 0. B. 86, 488; Wyschnegradsky, 
C. R. 86, 973). 

Properties. —Absorbed at 0° by HjSO, (2 vols.) 
diluted with water (1 vol.), with production of 
tertiary amyl alcohol. A more dilute acid (2 
pts. II.SO, to 1 pt. water by weight) forms 
methyl-isopropyl-carbinol (Ossipoff, B. 8, 642, 
1240).—NOCl forms a compound C,H,jNOCl 
which may be reduced to amylamine (Tonnies, 
B. 12, 169).—3. C,,H„KjPtCl,aq is formed by 
boiling isoamyl alcohol with PtCl, and then 
adding KCl (Bimbaum, A. 145, 73); deliquescent 
plates. 

Other References. —Balard, A. Gh. [3] 12,320; 
Frankland, C. J. 3, 35; Bauer, Site. B. 44 [2] 
87 ; Z. 1806, 380, 667 ; Bauer a. Klein, Z. [2] 4, 
380; Guthrie, A. 121, 108; Lippmann, A. 129, 
81; JH. 6,659; Eltekoff, B. 6,1258; Linnemann, 
A. 143, 350; Bull, A. Suppl. 4, 143; 148, 349; 
Thorpe a. Young, A. 166, 7 ; Fiavitzky, A. 165, 
167; Le Bel, Bl. 17,3; 18, 186; Berthelot, 
A. Gh. [4] 9,442; C. R. 44,1360; Benard, A. Gh. 
[6] 1, 227; Markownikofl, Z. [2] 2, 602. 
j Oxidation of oirej/ierees.—Examined by Zeid- 
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le*. A. 186, 245; 197, 858; Braohot, 0. B. 63, 
974: Berthelot, 0. B. 64,86. 

Di-amyleie (156“’). S.G. ¥ -780. 

Bjj 76'68 (Nasini a. Bemheimer, 0. 15, 93). 
S.V. 211'18. Occurs in the product ot action of 
ZnClj, HjSO„ or on iaoarayl alcohol; and 
is also formed by shaking amylene with H^SO,. 

Reactions.—1. Bromine forms C|,IIjjBr„.— 
2. Chromic acid mixture produces amethenie 
acid CjHuOj (Schneider, A. 157, 213; Pawlow, 
J. B. 9, 76). 

Combinations.— from amylene 
and SjCl, (Guthrie, C. J. 12, 112; 13, 35; 14, 
128). Distilled over KOH it forms C,„H|,Sj, 
(112°), S.G. M -880. ZnEtj gives C„H 3 „Sj 
(240°-250°). 

References. —Balard, A. Ch. [3] 12, 320; 
Bauer, Bl. 1803, 332; 1867,341; Berthelot, C. R. 
66,1242; Walz, [2] 4,315; W. v. Schneider, 
4.167, ife: Wyschnegradsky, B. 8, 434; Lebe- 
deff, J. R. 7, 210 ; Tugolessoil, B. 12,1480. 

Triamylene C.jHj.. (248°). S.G.-81. V.D. 7'6 
(for 7’4). Among products ot action of 
ZnCli on isoamyl alcohol (Bauer, Sits. B. 44 
[2] 87; A. 137, 249; 147, 251). Forms a bro¬ 
mide, C,jHj„Brj, converted by alcoholic KOH 
into benylcnc, (223°- 228°). 

Tetra-amylene 03 „II„. (390°-400°). S.G. 2 
•871. Among products of action of ZnClj on 
isoamyl alcohol (Balard; Bauer). 

AMYLENE Bl-ACETIN v. di-Oxv-PKNTANE. 

AMYLENE BENZOATE v. (K-Oxv-peniane. 

AMYLENE BROMIDE v. di-BaoMO-PKOPANE. 

AMYLENE TEI-CAHBOXYLIC ACID 
C,H,„Oe i.e. CnACH.CH 3 .C(CO,,H).,.CH 3 .CO.,H, 

Ether. —EtjA'". [151°]. Obtained by intro¬ 
ducing allyl into ethane tri-carboxylio acid 
(Hjelt, B. 16, 33^. At 160° it splits up into 
CO- and allyl-succinic acid (q. v.). 

AMYLENE CHLORHYDRIN v. Cnnoao- 


ABVL AlCOHOL. 

AMYLENE CHLORIDE v. di-CuLORO-PENTAsa. 
AMYLENE - CHLORO ■ SULPHIDE v. di- 
Auxlbnk, Combinations. 

AMYLENE IS-ETHIONIO ACID V . Oxx- 


PENTAHE SULPnONie ACID. 

AMYLENE QLYCOL v. di-Oxv-PENTANE. 
AMYLENE ODANAMINE O.H.A. [178°]. 
Formed by heating guanidine caproate (hexoate) 
at 226° (Bandrowski, B. 9, 213). Crystals ; v. si. 
sol. water, v. sol. alcohol. Salt.—B'HCl. 

AMYLENE HYDRATE. Tertiary Asitl 
AMonoL {q. V.). 

AMYLENE HYDRIDE. Pentane {q. ».). 
AMYLENE HYDROCHLORIDE. Auvi. 


OHLOHIDB {q. ».). 

AMYLENE NITRITE CjH.oNjO, i.e. 
0,H,o(NOj) 2. From amylene by treatment with 
NOj or fuming HNO, (Guthrie, C. J. 13,46,129). 
Tables; decomposed at 95°. * 

AMYLENE OXIDE CjHi.O. 

Isopropyl-ethylene oxide Pr.CH^ 

(82°). By action of potash on chloro-amyl alco¬ 
hol, Br-OHCl-OHjOH or PrCH(Cfti).CU.,Cl 
(Eltekoff, Bl. [2] 40, 23; J. B. 14, 356). Heated 
with water for 60 hours at 100° it forms 
Pi.<3H(OH).CHjOH. Does not combine with 
NaHSOr 


yO 

Tri>methyl>«thyIwio oxide Ms,CIC I 
(76°). S.O. 2 -829. \CHMa 

Preparation.—Bj action of potash on the 
chloro-amyl alcohol obtained by the union ot 
Me 2 C:CHMe with HCIO (E.). 

Properties. — Liquid ; readily unites with 
cold water to form di-oxy-pentane. Does not 
combine with NallSOj. 


Methyl-cthyl-ecbylene oxide MeCH 


< 


CHEt 


(80°). Prepared by action of potash on the 
chloro-amyl alcohol resulting from union of 
Me.CH;CIIEt with IICIO (F,.). Unites at 100“ 
with water forming MeCH(OH).CHEt(OH). 


Di-amylene oxide C|„H;„0. (170°-180°). From 
di-acetyl-di-oxv-DECANK (q. «.) (di-amylene di, 
acetin) and solid KOH (Bauer, Sits. B. 45, 276) 
Oil. Keduces ammoniacal AgNO,. 


Di-amylene oxide (198°-203°). V.D. 6'3 
(for 5'4). Obtained as an oil by the action ot 
potash on a mixture of amylene and Bz^Oj that 
has been heated at 110° (Lippmann, ilf. 6, 662). 
Does not reduce ammoniacal AgNOj or combine 
with NaHSOj. 

Di-amylene oxide (180°-190°). From di- 
amylene and chromic mixture (Schneider, A. 
157, 221). Redneos ammoniacal AgNO,. Oxi- 
dised to nmcthenic acid, C,HnO,. 

Di-amylene exide (193°). From di-amylene 
bromide (u. di-BnoMo-DEOAHE), water, and PbO 
(Eltekoff, J. 1878, 374). 

Two or more of the preceding di-amylene 
oxides may bo identical. 

AMYLENE SULPHIDE C,H„S. (e. 200°). 
S.G. L 2 -907. Formed by boiling C,oH.a8,Ci, 
{v. Diamvlene) with zino (Guthrie, G. J. 14, 
128). Colourless oil. 

Amylene sulphide (?) CsH.jS. (130°-160°). 
V.D. 3-2 (calc. 3-5). Formed by action of acids 
or of heat upon the product of the union of 
ZnEt, and CS, (Grabowsky, A. 138,165). Alco¬ 
holic HgCl, forma plates of C,H|„S HgSHgOl,J 
alcoholic AgNO, forms CsH|,OAg.,OAgNOr 

AMYL ENNONTL KETONE (?) 0„H„O U, 
Et,,CH.CO.C,H.(CA)i (?)• (280°-300°). One 
of the products got by passing CO over a 
mixture of NaOEt and NaOAc at 250° (Geuther 
a. Frohlich, A. 202, 312). 

AMYL ENNYL KETONE 0„H„0 ».«. 
C,H,.CO.C,H„ (?). Amyl ■ valerone. (209°). 
S.G. 12 -845. One of the products of the passage 
of CO over sodium iso-amylate at 100° (Geuther 
a. Frohlich, A. 202, 301). Liquid; smells like 
quinces. Does not combine with NaHSO,. 

AMYL ETHER v. Auvl oxide. 

AMYL FLUORIDE »0,H„F. (72“-92°). A 
mixture of amyl fluoride and polymerides of 
amylene is formed by saturating amylene at 0* 
with HF (S. Young, 0. J. 39,489). • 

AMYL-OLYOXALINE 0,H„N, i.e. 
CH'^gg jj^C.CjH,, (?). Qlyoxal.cenanthyUn«. 

[84°]. I^om oenanthol-ammonia and glyoxal 
(Radziszewski, B. 16, 748). Thin glistening 
needles. Sol. alcohol, si. sol. ether, insol. 
water. 

p» 
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0H<^^»3n>0H(?). (240‘>-24S''), 

S.Q. 44 -94. From gl^oxaline and am;l bromide 
(Wallaoh, X 214, 322; B. 16, 651). Liquid; 
V. el. Bol. water, sol. even in vory dilute alcohol. 

Salt.—B'jHjPtCI,: plates (from alcoholic 
HOI); T. al. sol. cold water or cold alcohol. 

/io-AMYL HEPTYI, OXIDE C,jH„0 i.e. 
OjH„.O.C,H,j. Amyl-ananthyl ether. (221°). 
S.Q. *3 -CCS. V.D. 6-57 (cr.lc. 6-45). From 
sodium heptylate and isoarayl iodide (Wills, 
O. J. 6, 316). 

{Py. 2:3)-AMYL-HEXYl.aDIK0infE 
/CH;C(C.H.,) 

C^N t.e. C.H,< I . (320“-360°). 
; C{C,H„) 

Oily fluid. Formed by the action of mnanthie 
aldehyde and HCl upon aniline (Doebner a. 
MUler, B. 17,1719). 

Salts.—B'jH.CljPtCl,: large yellow plates. 
—^B’OjHjINO.IjOH : yellow neeiUes; si. sol. 
water and cold alcohol. 

AMYL HYDBIDE v. Pentane. 
Iso-AMYI-HYDEO-ANTHEAirOI C„HjjO or 

[74=]. Formed, as 

a by.product in the treatment of antliraqui- 
nonc with zinc-dust and amyl bromide (Licber- 
mann a. Tobias, B. 14, 801; A. 212, 102). 
Crystalline solid. Insoluble in water, extremely 
soluble in other solvents. On boiling with 
alcoholic HCl it gives amyl-anthracene. 

Iso-AMYL-HYDECQUINONE. p'rom iso- 
amyl-arbuliu and dilute H..SO,, glucose being 
also formed (Kchiff a. Pellizzari, A. 221, 365). 
Needles. Gives a crystalline nitro-dcrivativo. 

AMYtlDENE - ACETO - ACETIC ETHEE 
V . p. 24. 

Iso-AMYLIDENE-to-AMIDO-BENZOICACID 
0,jH.jN0j i.e. CJI, CH:N.C,U,.CO.H. [c. 130°). 
I'rom valeric aldehyde and tn-amido-beuzoic 
acid (Schiff, A. 210,119). 

AMYIIDENE ANILINE C„H,jN i.e. 
Me.OH.CH;.CH:NPh. [97°]. From valeric 
aldehyde and aniline in the cold (Lippmann 
a. Streckcr, B. 12, 74). Prisms. — B'llCl. — 
B'jHjPtCl,. Valerio aldehyde and aniline at 
100° form di-amylidene-di-phcnyl-diamino, a 
neutral oil, C,..,H„Nj (.Schiff, B. 12, 298). 

AMYIIDENE BIDEET C,H„NA. From 
valeric aldehyde and cyanio acid (Baeyer, A. 
114,164). 

AMYIIDENE BEOMIDE v. ^fi-BnoMo-rENT. 

ANE. 

AMYIIDENE-DI-OAEBAMIC ETHEE 
C„H„NjO, i.e. Mo,ClI.CH..CH(NH.CO,Et)j. 
Amylidene urethane. [126°] p’rom carbamic 
ether, valeric aldehyde, and cone. HCl (Bischoff, 
B. 7, 633). Needles. Split up by hot dilute 
acids into valeric aldehyde and carbamic ether. 
AMYIIDENE CHLOEIDE v. dt-CraoBo- 

timkST.. 


o AMYIIDENE OIYCOI v, ortho-VAijERic al- 

CEUTDE. 


AMIL IODIDES C.H„I. Mol. w. 198. 
n-Amyl iodide CH,.CH,.CH,.CH,.CH,I. 
X166° eor.) S.G. s 1 - 64 . 1 ; 22 i-giy. p>o^ t 
ehloride and HI (Lieben a. Bossi, A. 169, 74). 

Iso-amyl iodide. (148°). S.G. 1-61 
If 1*498. M.M. 13-20 at 19-6° (Perkin, 0./.- 


ills). S.v: Ut-08 (B. iadh»; £. 19,864). ifraim 
Isoamyl aloohol (4 pts.), iodine (5 ptsj, and 'F 
(Oahours, A. Oh. [2] 70, 81; Grimm, /. pr. 62, 
886). From amyl-chloride and OaI,8|aq at 
100° (Van Bomburgh, B. 1,161). Partially con¬ 
verted by heating with EtOH into EtI and 
isoamyl alcohol (Friedel a. Crafts, A. 130, 198). 

Active amyl iodide EtCHMe.CHjI. (144°- 
145°). S.G. 44 1-5426 (Just, A. 220, 162). 
o=3-76° for 100 mm. at 16° (J.); 6-2° (Le Bel, Bl. 
[2] 25, 642). From the aloohol by HI. Beduoed 
in alcoholic solution by Sn and cone. HCl. to 
inactive isopentane (J.) 

«-»-S«c-amyI iodide CH,.CHj.OH,.CHI.CH,. 
(144°-145°). S.G. 4 1-639. Formed by union 
of HI with CH,.CHrCH,CH;CH 2 (Wagner a. 
Saytzeff, A. 179, 313; Wysehnegradsky, A. 190, 
347) or CH,.CH,.CH:CH.CH, (Wurtz, A. 148, 
132). 

Iso-scc-amyl iodide (Ciy^CH.CHI.CH,. 
(137°-139°). I’rom jCH,),CH.CH;CHj and HI 
(Wy.). Water and PbO convert it into 
(CH,)jC(OH).CH,.CH,. 

s-n-Bec-amyl iodide CH,.CH..CIII.CH,.CH,. 
(145 =-146°). S.G. s 1-628; M BSO. From di- 
ethyl-carbinol and HI (W. a. S.). 

2’crf.amyl iodide (CH,) 5 .CI.CH,,.CH,. (129°). 
S.G. 4 1-624; 12 1-60. From iso-scc-amyl iodide 
and HI (Winogradoff, A. 191, 132); also from 
ferf-amyl alcohol and HI (Wy.). Ily shaking 
with water for IJ- hours it is almost completely 
converted into ferf-amyl alcohol (Bauer, A. 
220, 158). With MeOH at 100° it forma Mel 
and ferf-amyl alcohol; MeOAo at 110° gives 
amylenc, Mel, and HOAc. 

DI-n-AMYI KETONE 0„H,,0 i.e. (C,H„),CO. 
Caprone. [15°]. (226° cor.). S.G. 42-826. Pre¬ 
pared by distilling calcic ca'proate. Docs not 
combine with NaltSO,. 

Itcactions. —1. Cone. HNO, forms caproio 
nitro-valerie, and oxalic acids.—2. CrO, forms 
caproio and valeric acids (E. Schmidt, B. 6,601; 
Lieben a. Janecck, A. 187,134; Ilercz, A. 186, 
263). 

n • AMYI - MALONIC ACID C,H,,0. ».«. 
(CiH„)OH(CO,JEI)j. [82°]. Formed by saponify¬ 
ing the product of the action of KCy upon 
a-bromo-heptoic ether (Hell a. Schule, B. 18, 
626). Split up at 140°into CO.^ and n-hcxoic acid. 

Salts.—CaA": S. -04 at 18°.—SrA": S. -09 
at 16°.-BaA": S. -6 at 10°.—CdA".—PbA": 
S. -008 at 20°.-AgjA". 

TEI-Iso-AMYI-MELAMINE C„H„N, f.e. 
C,!!, (CiII|,)jN,. Formed by desulphuration of 
isoamyl thiooarbimide (Hofmann, B. 3, 264). 
Thick oil.—B"H.,PtCl.. 

Iso-AMYI MERCAPTAN C,H,,S U 
CjHi.SH- Mol. w. 104. (120° i.V.) (Beckmann); 
(118°) (Nasini, Q. 1883, 302). S.G. -8348. 
Boo 61-94 (N.). From isoamyl chloride and EHB 
(Balard, A. 52, 313) or C,Hj,SO,K (Krutzsch, 
J. pr. 31,1). 

AMYL MUSTAED OIL v. Amvi, tbio- 

OABBIMIDE. 

AMYL-NAPHTHALENES C„H„. 

(o)-Ij6 . amyl -naphthalene C„H,.C,H,, [1], 
Formed by heating an ethereal solution of (a), 
bromo-naphthalono and isoamyl bromide wth 
Na (Leone, G. 12, 209).— Piotate, [86°-80°]t 
palo yellow needles. 
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4*- SM”)- Prom oapnthaleno, iioamTl ohlorm, 
•nd AlOl, (Bonx, m. [2] 41, 879).—Piorate 
O„H„0,H,(NO.),OH. [106°-110'’]. 

Amyl-naphthalene (?). (305^). From lapaohio 
AOid) and P (Paterno, G. 12,369)*—Pierage 
£X41®] : orange needles. 

Iso-AMYl NITEATE C,H„NO,. Mol. w. 133. 
(147°). aV. 163-59 (B. Sohiff, S. 19, 667). 
Prom urea nitrate (10 g.), isoamyl alcohol (40 g.) 
and HNO, (30 g.) (P. W. Hofmann, A. Ch, [3) 
83, 374). Liquid, smelling like bugs. 

/so-AMYI NITRITE 0,H,,N0j. Mol. w. 117. 
«6°) (B.). (99°) (Guthrie, A. Ill, 82), aO. -9. 
H.F.p. 48,140. H.F.V. 44,660 (Th.). 

Pre^ration. — 1. Nitrous vapours (from 
Ab^O, and UNO, of S.G. 1-62) are passed into 
isoamyl alcohol (Balard, A. Ch. [3] 12, 318; 
Hilger, Ar. Ph. [3] 4, 485; Williams a. Smith, 
Ph. [3] 16, 409). — 2. By distilling together 
ENO„ isoamyl alcohol, and dilute H^SO, 
(Bennard, Buss. Zeitschr. Pharm. 1874, 1). 
Yellowish liquid, smelling like nitrous ether. 

AMYLNITROirS ACID, so-called. C,H„NA- 
Obtained by action of HNO, on di amyl ketone 
(Chancel, C. B. 94, 399). Liquid; may bo 
reduced to n-valeric acid. 

Salt.—C,n„KN,0,: greasy-looking plates. 
AMYLODEXTRIN v. Bbxtmn. 

AMYLOID V . Starch. 

AMYLONITROPHOSPHOEODS ACID, so- 
called. C|„Hj,PNO, ('?). An oil, got by action of 
P,0, on isoaniyl nitrite (Guthrie, A. Ill, 65). 
AMYL OXALATE v. Oxalic acid. 

Jso-AMYL OXAMIDE C,H„N,0, ».c. 
NH,.CO.CO.NnC,II„. [181°]. From isobutyl- 
isoamyl glyoxalino and U,0, (Badziszewsky a. 
Szul, B. 17, 1296). 

Di -iso-amyl oxamide C,.H.„N.,0, i.e. 
0,H„.NH.CO.CO.NUC,H„.‘ [I29°] (Wallaoha. 
Schulze, B. 13, 516). [139'] (Wurtz). Silky ! 
needles; insol. water. From isoamylamine and 
ethyl oxalate. I 

AMYL-OXANTHEANOE v. Oxanthranol. ] 
AMYLOXIDEC|,n,,0. Amylether. M.w.168. : 
Iso-amyl oxide (C,H„)..0. (173°). S.G. | 
•7807; -7741. M.M. 11-168 at 15-6° (Perkini i 

0. J, 45, 474). From potassium isoamylato and 
amyl iodide. 

Iso-sec-amyl oxide (Pr.CMen),0. (103°). 
From I’r.CMeHI and Ag,0 (Wurtz, A. 129, 306). 

Iso-AMYL-PHENOL C„H„0 i.e. 
0,H„.C„U,.OH [1:4J. [93°J. (250°). Formed by 
heating plienol with isoamyl alcohol aud End, 
at 180° (Licbmann, B. 16, 161) or by the action 
of nitrous acid upon amido-phenyl-isopentane 
(Calm,B. 15,1640). Long needles; el. sol. water. 

Bsmoyl derivative C„H„OBz. [81°]. 
(349° cor.). Flat needles, formed by distilling 
tri-isoamyl phosphate with NaOBz (Kroysler, B. 
18,1717). 

AMYL-PHENYL- v. Puentl-amvl-. 
Iso-AMYL-PHENYL PHOSPHATE 
0„H„PO, i.e. (CjH„.C.H,.0),PO. (above 400°). 
Formed by heating isoamyl-phenol with POCl, 
(Kreysler, B. 18,1701). Thick oil; v. sol. ether, 
sol. alcohol. , 

Iso-AMML-PHENYL SILICATE C„H„SiO, 
i.*. (C,H„.C.H,.0),Si. (o. 394°) at 118 mm. 

From isoamyl-phenol and SiCl, (Hertkorn, B. 
18,1692). 


iim FBORFstAm 

Iso-amyLpltoipliorie aeU 40 iE„ 0 ).F 0 ( 0 H), 
From syrupy phosphoric aoid and amyl alcohu 
at ordinary temperature (Guthrie, 0. J. 9,134). 
Deliquescent crystalline mass; v. sol. water, 
and alcohol, insol. ether. Salts.—EA".— 
(NH,),A".-BaA".—PbA".-OuA".-Ag,i/r 

Dt-iso-amyl-phosphoric aoid 
(CsH„0),PO(OH). From amyl alcohol and 
bromide of phosphoru" (Kraut, A. 118, 102). 
Salts.-CaA',,: ,S. 1-6 at 18°.—AgA'.—AgHAV 

AMYL-PHOS^INES v. PnospnisES (Hof¬ 
mann, B. 6, 297). 

Iso-amyl phosphine 0,H|,PH,. (107°). 

Di-tso-amyl phosphine (CsH|,),PH. (c. 213°). 

Tri -iso-amyl phosphine (C,H,|),P. (300°). 

Oxide (C,H„),PO. [o. 65°). 

Iso-amylo-iodide (C 5 H,,),PI. 

Iso-AMYL PHOSPHINIC ACID C,H,^0, 
».«. C,H„.PO(OH),. Pentane phosphinio acid. 
[100°]. From isoamyl phosphine and HNOi 
(S.G. 1-35). Pearly plates (from water). 

Halt.—AgjA": amorphous pp. (Hofmann, 

B. 6, 305). 

AMYL PHOSPHITES. 

Iso-amyl phosphorous acid (C,H|,0)P(OH), 
Formed together with di-isnamyl-phosphorous 
acid by shaking with water the product of the 
action of PCI, on isoamyl alcohol. Dilute 
Na-CO, dissolves mono- but not di-, amyl 
phosphite (Wurtz, A. Ch. [3] 16, 227). 

Chloride C,H„O.PCl,. (173 ). S.G.a 1-109 
(Mcnschutkin, A. 139, 348). 

Di-iso-amyl-phosphorous acid 
(C,H„0),P(OH). S.G. la -97. 

Tri-iso-amyl phosphite (C,H„0),P. (236°), in 
hydrogen. From PCI, and NaOC,H|, (William¬ 
son a. Bailton, C. J. 7, 218). 

AMYL-PIPEEIDINE C|,H„N i.«. 

C, H,„N(CjH,|). (188°). Colourless liquid, nearly 
insoluble in water. Formed by digesting piperi¬ 
dine with amyl bromide and aqueous KOH. 

Methylo-iodide. B'Mel. [195°]. Thick 
prisms. By moist Ag.,0 it gives an alkaline 
hydrate which on dry-distillation yields methyl- 
amyl-piperidine (Sehotten, B, 15, 421). 

Iso-AMYL-PYEROL C,H„N i.e. C,H„NC,H, 
(c. 182°). S.G. la - 879 . Formed by distilling iso¬ 
amylamine mucate (0. A. Bell, B. 10,1866). 

Iso-amyl-pyrrol carhox'ylio acid, isoamyl- 
amide C,H„.NC,H,.CO.NHO,n„. [77°]. Prisms. 
Formed along with the isoamyl-pyrrol {B.}. 

Iso-AMYL SILICATE C„H,,SiO, i.e, 
Si(C,H„0),. (324°). S.G. aa -808. V.D. 16-2 
(calc. 13 0). From SiCl, and isoamyl alcohol 
(Ebelmen, A. 57, 331). Oil, very slowly decom¬ 
posed by water. 

AMYL SULPHATES. 

iso-amyl sulphuric aoid C,H„SO, i.e, 
0,H„SO,H (Cahours, A. Ch. [2] 70, 86 s 
Kckuld, A. 76, 276). 

Salts. — NH,A'.—NaA'llaq. — KA' iaq.— 
MgA', 4aq.—CaA j2aq.—BrA ,2aq.—BaA , 2aq: 
flat tables, S. 9-7 at 10° (Balbiano, B, 9,1437); 

S.G. 1-623 at 21-2° (Clarke, B. 11, 1606)_ 

ZnA', 2aq.—HgA',2aq.—PbA'.aq.—MuA',4aq,-- 
NLA',2aq.—Ci^'., 4aq.—AgA'. 

Iso-amyl sulphate (C,H,.),80,. Formed Iqr 
passing SO, into warm amyl nitrite (Chapman, 
B. 3, 920). 
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Aim SITLPHISES. 

Di-iso-amyl-iulpMd* (0,H„)jS. Mol. w. 174. 
(214° i.V.). S.Q. \°-8431. B oo 64-2 (Nasim, 
G. 13, 802). Amyl alcohol (131°-132°) is oon- 
Tcrted by PCI, into amyl oliloride and this is 
mixed with alcoholic K,S (Irom halt satnration 
ol alcoholic KOII with M^S) and heated in 
closed vessels for 10 liouis at 100 °. Product 
fractionated (Beckmann,y>r. [2J17, 410). Also 
from pot.'iBslum amyl-sujphate and K..S (Balard, 
A. Gh. [3] 12 , 803). 

DI-Mo-amyl disulphide ( 6 iH„).jS;. (2.50°). 
S.G. ‘OIS. From potassiumamyl-sulphato and 
KjSj (0. Henry, A. Ch. [3] 25, 246; Spring a. 
Legros, B. 15,1'.l.'iS). 

/so-AMYL SULPHITE (0,JI„0),S0. (230°- 
260°). From SOCl,; or S,C1., and isoiimyl alcohol 
(Carins, A. 106, 291; 'ill, 97). Oil; deconi- 
posed by water or KOHAg into amyl-sulphurous ■ 
acid and amyl alcohol. ' 

AMYL SULPHOCYANIDE C,n„N.S i.e. 
C,H„S.CN. (197°). S.G. m . 905 . Got by 
distUling potassium amyl-sulphate mtli potas¬ 
sium sulphocyanide (Henry, A. Ch. [3J 25, 218; 
Medlock, A. 69, 214). 

Di-tso-AMYL SULPHOHE (CiH„)-SO„. 
[31°]. (295°). Di-iso-amyl sulphoxido (5 pts.) is 
heated with water (20 pts.) till it molts, a solu- j 
tion of KllnO, (3 pts.) in hot wafer (30 pts.) is ; 
added with constant agitation. The sulphone i 
is extracted with ether. The yield is that indi¬ 
cated by theory (Beckmann, J. pr. (2J 17, 411). 1 

rropirrlien. Long needles, grouped in tufts. ! 
81. sol. hot water; sol. alcohol, ether, benzene, 
CHClj and C.S.j. Soluble in ILSO,, UNO., and 
acetic acid, but precipitated by water from these 
solutions. Not reduced by Zn and K.SO„ by 
Bodiuin-amalg,am or by HI. 

AMYL-SULPHONIC ACID t>, I'ENr.v.sE 


Aim THIO-PBOSPHATES. 

Iso-amyl thlo-phosphate (0,H„)HJPSO,. 
From isoamyl alcohol and PSOl. (Chevrier. Z. 
1869, 413). 

Tri-iso-amyl thiophosphate (C,H„),PSO.. 
S.G. M -85. From C,,H„ONoand PSCij (0.). Oil. 

Di-ivo-amyl di-thio-phosphate 
(CsH„)JIPS-0,. SaIt.-PbA'j [70°]. 

Tri -iso - amyl - tetra - thio - phosphate 
(C.sH,|)jrS,. Formed, together with the pre- 
ceding, when P.,Sj acts on isoamyl alcohol (Kowa- 
lewsky, A. 119, 310). 

Iso-AMYL THIOSULPHATE. The salt 
Na{CiH||)S., 0 , 2 aq is formed by acting with 
isoamyl iodido on sodium thiosulphate. It 
crystallises in laminai (Spring a. Legros, B. 15, 
1938). 

Iso-AMYL THIO-UBEA C„H,,N.,S i.e. 
CiH,,NH.CS.Nn.i. Monoclinic cry.stals (Arzruni, 
P. 152, 284). 

AMYL-TOLUENE C,„H„ i.e. ClI,,.C,lI,.C,n„. 

Meihijl-innyUbenzenc 

o-Iso-amyl-toluene (?). (204°). S.G. 2 '896. 
From toluene, isoamyl chloride, and zinc dust 
(Pabst, B. 9, 503). 

w-iso-amyl-tolnone. (208°). S.G. ^ '808. 
From toluene, isoamyl chloride, and AIGI, 
(Kssner a. Gossin, Bl. [2] 42, 213). KMnO, gives 
isophthalic acid. 

p-Iso-amyl-tolueao. (213°). S.G. 5 ’864. 
From p-bromo-toluenc, isoamyl bromide, and 
Na (Bigot a. Fittig, A. 141,160). CrOj produces 
terepbtlialic acid. 

AMYLUM r. Starch. 

AMYL-UEEAC„H„N,0 i-c. C,,H„NH.CO.NH,. 

Iso-amyl-urea [91°]. From amyl cyanato 
and hot alcoholic NH, (Cu.sler, B. 12, 1330; 
cf. Wurtz, C. U. 32,417; Bl. [2].7,141). Crystals; 
s). sol. water. 


SULPHONIC ACID. 

DI-iso-AMYL-SULPHOXIDE (C,H„),SO. 
[37°]. From di-amyl sulphide (1 pt.) and 
faming UNO, (2 pts.). Crystallised from ether 
(SaytzeS, A. 139, 354; Beckmann, J. pr. [2J 
17, 441). Flexible fatty-looking crystals. 
Chlorine acts on it in presence of water forming 
pentane sulphonic acid, chloro-pentanesulphonic 
acid, di-isoamyl sulphone, valeric acid, chloro- 
valeric acid, tri- and tetra-ehloro-pentanes, itc. 
(Spring a. Wiussingor, Bl. [2] 41, 307). 

AMYL - SULPHURIC ACID v. Amyd 
SetPnATE. 

Iso-AMYITELLUHIDE Te(C,n,( 0 .198°). 
Got, in impure state, by distilling calcium 
amyl sulphate with TeK- (Wohler a. Dean, A- 
97,1). 

Iso - AMYL - D1 - THIO - CAEBAMIC ACID 
C,H,^S,t.i!. CjH|,Nn.CS.SH. <Isoamylamine 
aaff CjIIiiNHjHA'. From isoamylamine and 
. C 8 „ in ethereal solution (Hofmann, /, 1859, 
379). Laminse. 

AMYL THIOCAEBIMIDES C,H„NS t.e. 

Amyl mustard oils. Mol. w. 129. 
Iso-amyl-thio-carbimide (183°). S.G. n -942. 
Obtained by boiling the preceding compound wi th 
aqueous HgCl., (Hofmann, B. 1, 173; Buff, B. 
1 , 200 ). 

Tcrt-amyl thio-carbimide EtCMe.,N.C3. 
(160°). From EtCMejNH.;by successive treatment 
with CS, and HgCl, (Itudncff, Bl. [2] 33, 300). 


Iso-Hezoyl-derivative 
C,H„NH.CO.NH.CO.C,,U„. [94°). From the 
amide of i.sohexoic acid, i’r.CH .CTI-.CO.n, by 
mc.ans of Br and NaOII (Hofmann, B. 15, 758). 

7’i!rt-amyl-nrea. [151°]. S. 1'26 at 27°. 
From tert-amyl evanate and NHj (Wurtz, A. 139, 
32.8). 

n-IIexoyl derivative. [97°]. Formed by 
action of potash on a mixture of n-hexamide 
and bromine (If.). Plates; sol. alcohol, and 
ether, insol. water. 

Di - iso - amyl - urea C,lI|,NII.CO.NHCjH„. 
[39°]. (270°). Formed by boiling isoamyl 

cyanate with i.soamyiamino and alcohol (C.). 
Needles; insol. water, sol. alcohol and ether. 

Di-fcr<-amyl-urea. Formed by action of 
KOH upon tert-amyl cyanato (W.). Needles; 
may be sublimed. 

Tri-iso-amyl-urea (CjH|,)jN.CO.NH.C,H„. 
(200°). From isoamyl cyanate and di-isoamyl- 
amine (C.). Liquid. 

Tetra-isb-amyl-urea (C,H„).iN.CO.N(C,H„),. 
(241°). Obtained by the action of Cl.CO^t 
upon a mixture of di- and tri- isoamylamine ( 6 .). 
AMYL URETHANE i>. AMTt-OARUAMio eihxb, 
AMYL-VALEEONE v. Bdivl xmnvl xbto»*. 
Iso-AlfYL-XYLENE C„H„ U. 
C,H,Me.^.CjH|,. Di - methyl - isoanfyl - bemen*. 
(233°). S.G. 3 ’895. From bromo-xylcne, iso¬ 
amyl bromide and Na (Fittig a. Bigot, J, 141, 
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AUTBZK. A orTstaUine reeiiif diffioultl; 
•olabld in alcokol, contained in some specimens 
of elemi, and in arbol-a-broa resin (Buri, 
Nmiea Repert. fUr Pliartn. 25, 193; Hesse, A, 
192, 179). According to Hesse its formula 
is G 47 H,y(OH )2 and its acetyl derivative is 
C 4 .H.s(OAc) 2 . Bromine forms a complicated 
bromo-derivative. 

AKACAJIDIC ACID O 22 H 32 O,. [26°]. Occurs 
in the fruit of Atmcanlium occulentale (Stacde- 
ler, A. 03, 137). Crystals; iiisol. water, v. sol. 
alcohol and ether. Salts.—CaA" a(i.—BaA".— 
DbA". -HA'TbOAc.-A"BedH aq. -AgHA". 

ANALYSIS. To analyse a thing means to 
resolve it (aj'aXyeiv) into its components. Tliis 
term, however, has a very wide meaning, which 
stretches far beyond the outermost limits of our 
resources of even virtual analysis. So w'oll is 
this understood by all that even when we si>eak 
of a complete analysis wo refer only to as com¬ 
plete a solution as the science allords of one or 
other of three special problems. One of these ! 
is the actual or virtual resolution of the body . 
into its component chemical species or perhaps ; 
genera; another, the determination of its elc- ; 
nients; the third, the determination of what, in ' 
the sense of some imagined general mode of : 
decomposition, are its primary radiedes. This I 
(the last named) problem has received a partial 
solution in the sense that we have ready-made ^ 
methods for the determination of the acids and • 
bar>os that may bo contained in a solution of 
salts of a certain low order of complexity. These ' 
methods include only a minority of the non- • 
metallic salt radicles, but they include all the ' 
better-known elements as such; and as we 
have gi'ueral methods for converting any kind 
of substance into salts of low order of com- ; 
plexity, these latter methods, conjointly witlithe 
former, constitute a complete solution of the 
■pi'o\Ai}\i\ottiUiuiateanali/iiis. Inregard to the first 
problem, our powers are very limited. That wc 
have methods for the proximate analysis of cer- , 
tain classes of substances need not be specially ; 
alUrmod; without these, vegetable and animal 
chemistry could have no existence—but a general ; 
exposition of their principles would resolve itsedf | 
into the retailing of commonplaces. We prefer 1 
to give a brief summary of what we liave of j 
means and ways for seeing whether a substance 
presumed to bo pure really is one substance oris 
a mixture. In a sense there is only one method: 
wo subject the substance to some physical or 
chemical process of fractionation, which, while 
sure not to produce transmutations, gives the 
several proximate components a chance of part¬ 
ing from one another; and we thou compare the 
several products with one another and with the 
original substance. The form which the 
method assumes depends largely oh the state of 
aggregation of the substance under operation. 

1. Gases. The oneness of a gas can in 
general be proved by (a) fractional diffusion 
through a septum of gypsum or graphite; if 
the gas is a mixture of, say, two species, the 
Ughter oim diffuses out faster thaA the other; 
with mixtures of gases of the same speciffo 
gravity, the method, of course, breaks down: 
{b) jMrtial absorption. This method is dls- 
oussed fully under ‘ gas-analysis *J^. tt.). 


II. Solids. These may be susceptible of 
fractionation by fa) partial fusion ; (b) pcwtidl 
solution in suitable solvents; (c) partial fi^eeeing 
of the liquefied body ; (<f) partial crystallisation 
out of solutions; (e) partial volatilisation. 
(See ift.) For the comparison of the several 
fractions, the determination of the fusing points 
comes in as a handy, and in general sensitive, 
test. 

III. Liquids. Fo** these the methods given 
under (6) and (c) for solids may be available. In 
the case of distillable liquids wo generally resort 
to fractional distillation, taking care to observe 
the temperature of the (saim ated) vapour, during 
tlie progress of the operation. A mixture may 
have a constant boiling-point, and may besides 
remain undccomposed on distillation; as a rule, 
however, it is not so. The volatility of each 
component depends chiefly on the value for it of 
the product mp, where in is the molecular weight 
(or vapour density), and p the vapour-pressure 
at the prevailing temperature of ebullition. For 
two components, the respective products 

and general different values. 

Hence it is not necessarily the lowest boiling 
component which comes over first; because a 
large ?n may make up for a small p. As a mere 
tost for purity, the determination (at a series of 
suitable temperatures) of the vapour-pressure by 
the statical method goes considerably farther 
than the determination of the boiling-point 
curve. In a pure substance, the pressure, p, at 
t° is a function of t only ; in a mixture of (say) 
two liquids, p depends (in a given trial) on the 
volume of vapour produced, because the ratio of 
the weight of the vapour to that of the un- 
volatilised residue changes with this volume. If 
this ratio is very small, we have an approxima¬ 
tion to the vapour-pressure of the more volatile 
component; if the ratio is largo, the pressure 
approaches the value characteristic of the 
mixture as such. Any of the many mixtures of 
constant boiling-point, when subjected to this 
test, at a suitable temperature, is sure to reveal 
its complexity. Unfortunately the operations 
involved are somewhat troublesome, and the 
results are liable to be largely vitiated by the 
presence of absorbed air in the sample. 

The second and third of our three general 
problems, qualitatively considered, form the body 
of what is customarily being taught as 

QrALiTATivE Analysis. 

The resources of qualitative analysis—apart 
from mere methods of identification of named 
species, which we leave on one side—may be 
arranged under three heads:— 

I. Flame Te^ts. A set of methods for the 
detection of elements as such, which, being all 
founded upon ultimate or penultimate dissocia¬ 
tions at high temperatures, are in a high degree 
independent of the constitution of the substance • 
operated upon. Another specific feature in these 
tests is that they are easy and rapid of execution, 
and demand only very small quantities of irob> 
stance. 

II. A set of what we will call methods of 
chemical diBintegratlon (each general in refer¬ 
ence to a largo class of bodies), by means of 
which compounds of high chemical complexity 
can be, so to say, opened up, and their elements 
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tnoAi nifbiii tha ntage of ota Mstii&em«tho& 
,o((UtMUM 8 («.^^. These methods might, 
Moh, be mdexed, by reference to a oertam 
cilement, generally of high valenoy; as a mle it 
ie a non-metallio element, and in the analyst’s 
sense, sm generis, i,e. not susceptible of detection 
at one of a group. 

TTT . The systematic methods for tbs radical 
analysis of a solution of salts which were 
referred to in the introduction. In addition to 
these analytical methods, the analyst naturally 
discounts all that may help him towards the 
solution of his problem. Our three classes of 
methods alone, it is true, if judiciously employed, 
would enable one in general to perform an ex- 
hanstive ultimate analysis ; but a purely 
ultimate analysis, in the majority of cases, is 
not what we want. The ideal which we aim at 
in all analyses made for practical purposes is (as 
good an apology as is attainable for) a proximate 
analysis; a recipe, so to say, tor composing the 
substance from things of known constitution. 
Hence, if the substance presents the aspect of 
a mixture—mechanical or physical—we naturally 
begin by trying to effect a separation of the 
soTeral things from one another: by mere pick¬ 
ing out, or elutriation, in the case of an obvious 
mixture; by distillation in the case of a solution 
in a volatile solvent. We will assume, however, 
that this division of the given substance into 
two or more substances has been effected (if 
called for, and possible), and that the substance 
to be analysed is a solid (which virtually includes 
the case of a liquid); gases demand special 
methods, which lie beyond our programme. In 
this, as in any analogous case, we naturally begin 
by a close observation of at least the general 
properties of the body; it may be expedient to 
supplement this observation by the exact deter¬ 
mination of certain physical properties, such as 
hardness, speoilio gravity, crystalline form, 
optical constants, &c., &B. Everything here 
depends on the nature of the case, and—of the 
operator. A mineralogist, for instance, by such 
determinations, may be able virtually to analyse 
• mineral; but everybody cannot do this. After 
fte more purely observational stage, it is ex¬ 
ponent to study the behaviour, at a graduated 
succession of high tenqieratures, of (a) tho sub¬ 
stance itself, (b) the substance and atmospheric 
oxygen, (c) the substance plus added reagents. 
We therefore begin by heating a few centigrams 
of substance in a sublimation tube over a Bunsen 
lamp—first gently, then more and more strongly 
—on the chance of obtaining a readily recognis¬ 
able sublimate, gas or vapour, or residue. Of 
the identifiable residues, charcoal is tho most 
Important, because its formation proves the pre¬ 
sence of organic matter in the sample, although 
all organic matter docs not yield charcoal. If 
37 ^ substance presents a metallic, or semi- 

4 ^ic, aspect, it is expedient to roast a frag- 
kO H N*” ® draught-tube, on the chance of 
k »Vii -v. a Bublimate of mercury, oxide of 
fflk white arsenic, iodine, < 60 ., or an 

'•tamed by sQij,iiurous acid, Ac. If the sub- 
“ 8>.8 partially volatile or partially 
. ,we prepare a supply of the fire-proof 

*^>l^’'™®y*jve 8 t sufficient temperature), and, 
the first as we would a fire-proof 
‘iq ^ “abject it to a selection of 


\ 't turn fMH. 

Sj « flame-tests ” we mean dry-way tests, la 
which the substanoe, or substance plus reagents, 
is heated directly in the flame. These testa 
were introduced by Oahn, and subsequently ex¬ 
tended and brought to high perfection chiefly by 
Berzelius and Plattner. In accordance with the 
modes of operating which these authorities 
found it convenient to adopt, a blowpipe flame 
used to bo universally employed as a heating 
medium. But Bunsen, some twenty years ago, 
showed that most blowpipe tests can be done 
more easily and conveniently in the flame of the 
gas lamp which bears bis name, and that this 
flame can also be employed for certain new tests 
introduced by him, which tests could not be 
conveniently done with the blowpipe. Many 
chemists prefer the Bunsenian modus operandi, 
but the blowpipe has not by any means become 
obsolete; it will continue to be used, because it 
offers certain specific advantages of its own. 
For the purposes of this article it will be 
sufficient to give tho following enumeration of 
the more important of the charactcristio flame- 
test operations: 

(1.) A tew mgms.of the substance are placed 
on an asbcstos-stick, and exposed to the several 
regions of a Bunsen-flame, proceeding from 
lower to higher temperatures, to determine 
degrees of fusibility and volatility. 

(2.) A few mgms., fixed to one end of a hair- 
fine platinum wire, are exposed first to colder, 
and then to the hottest, part of the flame-mantle 
of a Bunsen, in order to seo whether the flame 
is thereby coloured. If a colour is produced, it 
is analysed optically (by means of a spectro¬ 
scope), with tho view of thus effecting a 
chemical analysis of tho glowing vapour. Of 
elements identifiable by their spectra (or flams 
colours), the following may be named:—Tl, In, 
Itb, Cs, K, Na, Li, Ba, Sr, Ga in most of tha 
ordinary states of combination, Cu as haloid 
salts, B as boric acid or fluoride, P as free phos¬ 
phoric acid or PH,. 

Spectrum analysis, as everybody knows, was 
invented by Bunsen and Kirchoff. Some years 
ago Bunsen brought it into a new form, in which 
a spark current, produced by means of an 
induction-coil is used for tho volatilisation of 
the substance’; at tho very high temperatures 
thus produced, a great many elements, besides 
those named, become identifiable by their 
spectra. 

Flame Tests with Jieagenls.—Oi these 
sodium carbonate is most extensively employed; 
either platinum wire or charcoal being used as 
a support. 

On platinum; (1) as a mere flux, it 
identifies SiO„ given as such or as highly acid sili¬ 
cate; ( 2 ) irt conjunction with oxygen used ns 
air, or introduced as nitre—it detects Cr and Mn 
with certainty, converting tho former inte 
(yellow) chromate, the latter into (green) man- 
ganate. 

When used on charcoal; in the reducing 
flame, it may bring to light, (1) S, Se, Te. Any 
non-volatile form of these yields a fused mass, 
containing Na^S Ac., recognisable by the black 
stain (Ag^S Ac.) which it produces when placed 
on a silver coin, and moistened with a drop ol 





(3) Ont or mart tf pu following meialt) 
Alt Hg, Zn, Od, Pb, Bi, Sn, Ou, Ag, An, Fe, Ni, 
Oo, Ft. The oxides and man; of the salts of 
these metals when subjected to the operation 
nndei disoussion, are reduced to the elementary 
state. The metal thus liberated may assume 
the form of a visible fused bead, or remain con¬ 
cealed in the form of fused seales or an unfused 
powder or sponge; these, however, can in all 
oases be isolated and brought to light by elutria- 
tion with water in an agate mortar. Part of 
the metal, in general, volatilises, and in passing 
tltrough the lame becomes oxide. If the re¬ 
duction is effected in the blowpipe flame on 
a block of charcoal (old style), part of the oxide 
in general settles down on the charcoal as a 
ting, and by its colour may aid in identifying 
the metal. When operated upon as described, 
compounds of As yield only vapour of oxide, 
which in most cases is lost altogether. Hg; 
vapour of metal, which is also lost. Zn, Cd; 
little or no metal, but abundant oxide rings; 
(ZnO is white, CdO brown). Pb, Bi; easily 
fusible metal, and tangible quantities of yellow 
oxide. Sn; easily fusible metal, and little 
(white) oxide. Cu; not easily—Ag; more easily 
—Au; not easily—fusible metal or scales, and 
no oxide. Fe, Ni, Co; unfused powdery, or 
spongy, metal, which follows the magnet. No 
oxide. Pt; like Fe, but the metal is not mag¬ 
netic and is unacted on by HNOjAq. 

In Bunsen’s mode of operating—which con¬ 
sists in heating the mixture of substance and 
soda on a slender stick of charcoal in the re¬ 
ducing part of the ‘ zone of fusion,’ the oxide is 
lost, but all the respective metals fall within the 
range of 

Bunsen’s Film Tests. —When the air¬ 
holes of the Bunsen are partially closed, a 
luminous tip forms somewhere near the apex of 
the flame. Many oxides suffer reduction when 
held in the centre of this tip on an asbestos stick; 
and the reduced elementary substance can be 
collected on a Berlin basin (filled with water to 
keep it cold), held over the sample across the 
flame. The elements thus appear as films 
resembling the stains of As and Sb produced in 
Marsh’s test. ’The toilowing elements chiefly 
yield films: As, Hb, Te, So; hardly attacked by 
nitric acid of ‘^0 p.o. Bi, Hg, ’T1; very slowly 
dissolved by nitric acid of ’JU p.c. Pb, Cd, Zn, 
In; instantly dissolved by nitric acid of 20 p.o. 
By a very obvious modification of the process, 
oxide films can bo produced in lieu of metallic 
ones; but wo cannot go any further into this 
matter. 

Borax is always used as a bead fused to 
the end of a platinum wire. Such a bead dis¬ 
solves most metallio oxides at a moderately high 
temperature, forming glasses, the colours of 
many of which are characteristic of'tho metal. 
Often one metal gives two colours according to 
whether the fusion is effected in the oxidising 
or in the reducing flame; this affords additional 
means of discrimination. 

Microoosmic salt (or rather tho fused 
NajO.PjO, nroduoed by its dsoompisition by 
beat) acts on metallic oxides pretty much as 
borax does; buk its specific function is the 
detection of silica. If a splinter of a silicato is 
heated in a fused meta-phosphate bead, the 


m 

I basM diuolve ont, the lilies remains in tbs 
characteristio form of an onfosed ‘skeleton’ of 
the splinter. 

Whatever the flame-tests may have brought 
out by way of positive results, their negative 
results count for very little. 

II. Methods of Chemical Disintegration. 

Substanees may be divided into two classes, 
as regards the operation's required to bring them 
within the range of our systematic methods of 
salt-analysis. (1) Such as are simple salts (we 
mean salts whieh can be analysed by our routme 
methods), or can be made into solutions of such 
by the application of the ordinary mineral sol¬ 
vents, sueh as water, dilute mineral acids {qua 
acids), nitric acid or aqua regia {qua oxidants). 
This class comprises manymincrals, and ordinary 
chemical bodies, but unfortunately (and naturally) 
we have no general teat for the recognition of 
these bodies as a class. (2) Such as demand 
special methods of disintegration. Of the more 
commonly occurring chemical genera, the fol¬ 
lowing may be named as falling within this 
class:—(a) Fluorides-, these although perhaps 
of the simplest constitutiou, demand special 
methods because hydrofluoric acid and all 
acid fluoride-solutions attack glass and porce¬ 
lain. (b) Most silicates : silico-fluorides. (c) 
Ci/anidis, especially tnetallocyanides, (d) Salts 
of certain complex organic acids (not cyanides); 
in the sense that they cxliibit abnormal metal- 
reactions. (c) Organic compounds generally; in 
the sense of ultimate analysis generally. (/) 
An-ortluophosphates. (g) Certain classes of sul¬ 
phur compounds. 

’This list does not pretend to be complete, but 
it includes most bodies which tho practical 
analyst is likely to come across. For tho second 
class of substances as a class, we of course have 
not a general test any more than we have for 
tho first, but wo have general tests for the several 
genera, in this sense at ieast that we have 
general methods for the detection of their cha¬ 
racteristic elements. 

The following section is compiled partly with 
the view of supplying the necessary information 
in this direction. 

General methods for the detection of 
certain elements (mostly non-metals^ 
and for the ultimate analysis of their 
compounds. 

Silicon is always isolated in its highly cha¬ 
racteristic form of silica, SiO^, whieh is easily 
identified by the blowpipe tests given above, and 
by its convertibility into volatile SiP, by the ac¬ 
tion of HF. Silicon and tnetallic silkides, whei^ 
fused with caustic alkali, yieid alkaline silicates 
(q. V .). Alkaline silicates (even if so acid as 
li^O.ISiO.) dissolve in water, farming alkaline 
solutions. Mineral silicates. Slags, QUisses, <ta, 
fail within two classes according to whether tlmy 
are, or are not, decompesabie by hydrochloiie 
acid. Those of the first class are finely pow. 
dered and digested in cone, hot HClAq until 
disintegrated, evaporated to complete dryness (to 
convert the colloidal part of the silica into the 
insoluble form), drenched with HOlAq, allowed 
to stand (to re-ohlorinate the AljO, and Fe,0 
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ptoduoed), treated vith water, and filtered. The 
ailioa remains on the filter; the eolation oontains 
the metals as chlorides. Of those of the second 
class, some are disintegrable by hot semi-cono. 
HjSOjAq (ex. the clays). The general method 
is to fuse the finely powdered silicate with 
ENaCO, until all is dissolved, and to analyse 
the fused residue as a silicate of the first class. 
AUcalis must be tested for in another portion of 
the silicate, after cvmioration with NH,FAq, 
whereby Si is removed as Sib', and the bases 
remain as fluorides easily convertible into sul¬ 
phates by HjSO^Aq (comp. Fluorine). 

Aluminium.—Only the forms of A1»0, in¬ 
soluble in acids need be considered here j these 
if finely enojiyh divided, all dissolve at a red- 
heat in fused KOH, becoming aluminates soluble 
in water. 

Chromium.—All non-volatile compounds, 
when fused (in silver) with KOH and KNO,, 
yield alkaline chromate, recognisable by its yellow 
colour and the very intensely yellow colour of 
its aqueous solution. This operation constitutes 
a general method of disintegration tor the forms 
of CrjO, and chromites insoluble in acids; it 
goes a certain way even with chrome iron ore, 
but the complete disintegration of this mineral 
demands special methods. 

Titanium.—TiO, stands between SiO.; and 
AhO,. Unlike the former it is not volatilised 
by evaporation with HFAq. Titanates are de¬ 
composed by fusion with KHSO,; the cold 
aqueous extract after fusion includes the TiOj 
which is precipitated on boiling, as such. 

Tin.—The forms of SnO.^ (including tin¬ 
stone) which are insoluble in acids yield Hn 
when fused on charcoal with NaHCO, and KCK. 
They may be disintegrated (1) by fusion with 
KOH; the SnO, becomes stannate soluble in 
water; (2) by fusion with six pts, S and six pts. 
NajCO,; the aqueous extract after fusion con¬ 
tains the Sn ( also any As and W that may be 
present) as thiosalt, and consequently falls in 
with a certain stage of the routine method of 
metal-analysis (». infra). 

Carbon in any state of combination is con¬ 
vertible into CO-j, which is readily identified. 
It is distinguished from HCl and SOj by its 
scanty solubility in water, and inertness towards 
oxidising agents; from N,H, &c. by its abundant 
solubility in solutions of basic hydrates; with 
CaOjHjAq and BaOjHjAq it gives a character¬ 
istic white pp. of carbonate. Carbonates (almost 
without exception) are decomposed by mineral 
acids with evolution of CO^. Elementary carbon 
(in all forms) burns in oxygen to CO^. 

Combuelible Carbon Compounds. — The 
methods of organic analysis (j. v.) are easily 
translated into general methods for the detection 
of combustible carbon as CO^. It is necessary 
to purify the CuO or PbCrO, immediately before 
use by heating it to redness in air until it ceases 
to give off CO„. 

• All non-volatile carbon compounds can 
be burnt by heating them with cone. H,SO,Aq 
and CrOj. ^ Many volatile organic bodies unite 
readily with cone. IL,SO,Aq to form non¬ 
volatile compounds, and thus fall within the 
method which obviously suggests 
itself for the detection of combusUble carbon 
hcsidt carbonate. 


Analysit of Carbon Compouniit.—• 

I. Organic acids proper (COOH compoundt) 
need here be considered only in regard to the 
extent to which they interfere with the routine 
methods for the detection of the metals in a 
solution of salts. Some (including formic, 
acetic, succinic, and ma7iy others) interfere only 
in this sense that, in their presence, the preci¬ 
pitate obtained by H.S in the presence of free 
acid, may include Kn, Co, Ni, and perhaps 
other metals of the iron group. This difficulty 
is easily overcome. A large class of non-volatile 
acids, including the ordinary fruit acids, prevent 
the precipitation of Fe,©.,, Al.jO,, Cr^Oj, CuO, 
and other metallic oxides by alkalis, and that of 
A1 and Cr even by sulphide of aminoniura. In 
nil difficult or doubtful cases, it is best to 
destroy the organic part of the salt, which 
can bo done in two ways:—(1) By incineration: 
which, of coarse, had better ho postponed until 
after the elimination of the copper and arsenic 
groups by sulphuretted hydrogen; if this has 
been effected, Zn, of all the metals hdt, is the 
only one which may be lost by volalili.sation.— 
(2) By treatment (of the dry salts) with oil of 
vitriol. The ultimate product contains the 
metals in the form of sulphates. 

II. Cyanides, a. Hydrocyanic acid; easily 
recognised by its volatility and spei illo smell 
and reactions ; regarding the latter, see b. 
b. The simple cyanides of the more positive 
metals (K to Ca inclusive). These are all soluble 
in water. The solutions are alkaline, and give 
off IICN with acid.s, AgNO^Aq in e.xeess pre¬ 
cipitates AgNC, insoluble in dilute IINOjAq. 
When mixed with (l)excessof alkali, (2) ferroso- 
Icrrio salt, (3) excess of IIClAq, they yield a blue 
precipitate (or green suspeftsion) of Prussian 
blue. c. Cyanide of mercury, ng(NC)„. Soluble 
in water. Exhibits anomalous reactions both aa 
a mercuric salt and as a cyanide. But is de¬ 
composed by H.;S into a pp. of Hg.S and a sola- 
tion of IICN. d. Heavy metallic cyanides, and 
metallocyanides. Some give off part of their 
cyanogen as HNC, when distilled with dilute 
HClAq or HjSO.Aq. Many {c.g. prussiates) re¬ 
cognisable by specific tests. Solutions of metallo- 
cyanides mostly give pps. with AgNO,Aq, in¬ 
soluble in dilute HNOjAq, in which the charao- 
tcristio metals of the radicles can bo detected 
(v. Halogens), 

A general method for the detection of the 
metals in cyanides, cyanates, and thiocyanates, 
is to heat the dry substance with cone. H.jSO,Aq 
until completely decomposed. The cyanogen 
becomes ammonia-salt, and CO; the metals 
remain as sulphates. About the detection of 
non-metallio elements in carbon compounds, see 
sect, on S, P, &o. 

Borop occurs chiefly in the form of borate. 
The presence of boric acid does not interfere 
with the routine methods of metal analysis. 

Phosphorus is always isolated and identi¬ 
fied as orthophosphate. I. Orthophosphates, as 
far as not soluble in water, are mostly soluble in 
HClAq. To search for phosphoric acid, we 
snpersatftrate the solution strongly with am¬ 
monia, and (after filtration, it necessary) add 
magnesia mixture (NH,C1 and MgClj in NH,Aq), 
crystalline P0,MgNH,.6H,0 gradually forms, 
insoluble dilute NH^q. A pp. formed by 
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NH,Aq generally oontaine port, sometimes the 
whole, ol the phosphoric acid. To detect the 
latter we dissolTC the pp.in HKO,Aq, add excess 
of a nitric solution of molybdate of ammonia, 
and allow to stand at 40°C. All the phosphoric 
acid comes down gradually os a yellow powdery 
pp. of phospho-molybdate of ammonia, insoluble 
in excess of reagent, but soluble in excess of 
Boid phosphate -, soluble in ammonia. Both re¬ 
actions are very delicate, and, in the absence of 
arsenic acid (which in the circumstances be¬ 
haves like phosphoric), highly characteristic. 
Phosphates in any other state of combination 
can bo brought into the orthophosphate form 
by suitable ojocrations. II. Meta- and pyro- 
phoaphatcH (which besides being dillcrent in tlieir 
own reactions from orthophosphates, exhibit 
anomalous metal-reactions); by long-continued 
boiling with mineral acids, or (what is better) 
fusion with carbonate of alkali. III. Elemen¬ 
tary phosphorus^ and all oxidisablo phosphorus 
compounds; by treatment with HNOaAq of the 
proper strength at the proper temperature. 
Many organic phosphorus compounds, it is 
true, cannot be thus completely oxidised, but in 
their case, we need only neutralise the nitric 
liquor produced with potash, evaporate to dry¬ 
ness, and fuse the residue with KOII, to convert 
all the pliosphorus into orthophosphate. 

Sulphur.—Analytically speaking, sulphuric 
acid is to sulphur wliat orthophosphoric acid is 
to phosphorus. I. SulpJuites, in an aqueous or 
IICl solution, arc separated out completely by 
LaCLAq, as white, powdery, BaSOq, insoluble in 
aqueous mineral acids, and thus distinguished 
from all the baryta-pps., except the selenato and 
fluosilicate. BaSe 04 is decomposed by boiling 
IIClAq with form^rtion of Cl and SeO,.., while 
BaSO^ is not so decomposed. The lluosilicalc 
yields no sulphide on fusion with NaXOa on 
charcoal; and dissolved flnosilicates give no pp. 
with SrCL.Aq, while sulphates yield a pp. of 
SrSO,, slightly soluble in dilute acids. II. Acid- 
insoluble sulphates are disintegraied by fusion 
with alkaline carbonate, and treatment with 
water; a solution of alkaline sulphate, and a 
residue of the respective carbonate, oxide, or 
metal, are obtained. III. Metallic sulphides .— 
Many are decomposed by HClAq wth evolution 
of H^S. IV. The salts of the lower sulphur 
acidsj when heated (in solution) with alkaline 
permanganate are completely oxidised with ppn. 
of manganitc, Mn 02 .R.i 0 . The excess of oxidant 
used is brought into the same form by addition 
of a few drops of alcohol. The filtrate contains 
all the sulphur as sulphate. Only dithionio 
acid does not yield readily to this process of 
oxidation. All the sulphur compounds III. and 
IV., including dithionates, and many organic 
sulphur compounds, are oxidised comnletely by 
hot, sufficiently cone. HNO,Aq. Volatile com¬ 
pounds (such as CS.j) must be manipulated in 
a sealed glass tube. Brom some organic bodies 
only sulphonio acids are produced; bat these, 
when fused with EOH and EKO| all yield up 
their sulphur as sulphate. 

All oxidisablo sulphur oompounds Ere com¬ 
pletely oxidised to sulphates by the aotion of 
basic reagents (like Naj,CO|, CaO, drc.), and ENOj, 
or even oxygen-gas, at a red heat. All non- 
Tolatilo aulphur eompoands yield alkaline 


sulphide when fused with Ka^OO, on charcoal in 
the reducing flame (o. Flaus Tests). 

Selenion and Tellurium are closely 
allied to sulphur, but must be passed over. 

Nitrogen, in all states of combination, is 
susceptible of elimination as nitrogen gas, 
recognisable by the methods of gas-analysis. 
Another less general, yet widely applicable and 
more convenient, motliod is based upon the 
conversion of the clomv-utinto ammonia. 

I. A7n7nonia] -ocognisaWo by its snicll, its 
great solubility in water, its ready union with 
IICl to form solid NH^Cl, <fec. The least traces 
of NII 3 , or Nil, salt in water, are detected by 
Nes.slcr ’8 reagent (a solution of HgL and KI 
in KOHAq) ; iodide of morcurammonium 
separates from moderately dilute solutions, as a 
brown pp., and even in the most dilute solutions 
is visible as a brown or yellow colour. II. 
A7H7no7tia salts; many amides (including all 
acid-amidcs) when distilled with caustic alkali, 
yield NHj which passes into the distillate. III. 
Nitrates and nitntes in alkaline solutions are 
reduced by nascent lujdrocjcn (KOJlAq and Al) to 
NIIj. IV. Metallic nitrUh's, and all organic 
nitrogen compounds not containing their nitrogen 
in tlio form of oxygenated radicles or in the 
diazo-fonn, when burnt with soda lime yield 
their N as NH 3 . 

Fluorine. Most metallic fluorides, when 
treated (as powders) with cone. ILSO.Aq in a 
platinum crucible at a gentle heat, give off HF, 
recognisable by its etching glass and even rock- 
crystal. For the purpose of metal-detection, the 
mass must be evaporated until a tangible quantity 
of sulphuric acid has gone off as a heavy vapour. 
The bases remain as sulphates. 

Mixtures of jluo7-ides a7id silicates^ when 
heated with cone. H^SO^Aq give off SiFq, decom¬ 
posed by water into ILSiFsAq and a gelatinous 
pp. of SiO., which, however, may be invisible. 
To detect the fluorine, add excess of ammonia 
to bring down all the silicon as silica (which 
filter off), and evaporato the tiltruto in platinum 
on a water-bath nearly to dryness. Residue is 
fluoride of ammonium. 

Fluosilicates. Those of the most basylous 
metals when heated dry break up into SiFq and 
a residue of fluoride. Fluosilicates generally 
behave to boiling alkali solutions as if the silicon 
were a basylous metal. 

The Halogens (Cl, Br, I). I. Thcelemcn- 
tary substances are recognised by their very 
characteristic properties. When treated with 
zinc and water, they all dissolve as haloid salts of 
zinc (ZnCL, &o.). II. Haloid salts; mostly 
dissolve in water in HNO^Aq. Even from 
the latter solution the halogen is completely 
ppd. as haloid salt of silver, insoluble in dilute 
mineral acid. III. The oxygen acids of th$ 
halogcfis. (Periodic acid ignored.) Of these 
only bromic and iodic give silver pps. insoluble 
(or soluble with difficulty) in cold,dilute,HNO,A<i. 
All the rest form soluble silver salts. Then 
alkali and alkalino-earth salts when heated dzy 
give off oxygen and become haloid salts. With 
the only exception of perchloric acid they are 
all reduced by SO^q to halogen-hydride («.y. 
HCIOs to HCl). Hence an obvious IV. Re¬ 
latively general method for the detection of 
halogen in a solution of salts* The solnlioa 



m \rill usom* to b«i iuifatoil Mr add) It 
mlx^ with excess of SO,hq and AgNO^q, the 
is allowed to form, and then treated with 
HNO^q, to remove foreign salts (inoluding 
Ag^O, which is not very readily dissolved). The 
pp. contains all the halogen of the solution, 
(exMpt that of the perchlorio acid); but it may 
besides contain—it it does notconsistot—cyanide, 
thio-cyanate, and metallo-oyanates, of silver, 
(not to mention the sulphide which is easily kept 
out). An analysis can be effected by calcining 
the dry pp. with chemically pure soda-lime, 
preferably in a current of moist hydrogen. The 
nitrogen of the cyanogen radicles goes off as 
ammonia, which is easily identified. The 
residual product contains the metals of the 
metallo-cyanates as oxides, the silver as metal, 
the sulphur of the sulpliocyanogen as alkaline 
sulphide, and the halogens as alkaline haloids. 
V. Organic halogen compounds. All these, 
when burnt with quick-lime in a combustion 
tube, yield up their halogen ns haloid salt of 
calcium, extractable by cold, dilute, HNO^Aq. 

III. Methods for the Systematic Examination of 

a Solution of Salts for its Metals 

can be ^ven only on the basis of restrictive 
assumptions. We assume, in the outset at least, 
that the solution is so constituted that it might 
have been prepared by dissolving a set of basic 
or acid metallic oxides in aqueous mineral acid 
or alkali, and that certain rare oxides and 
certain rare combinations of things are absent. 
Some of the cases lying beyond this programme 
are dealt with in appended notes to which refer- 
ence is made in the context. For the sake of 
generality, however, wo assume that all the more 
or^nary metallic radicles may bo present. It 
evidently would not do to search for them indi¬ 
vidually and seriatim; the only course one could 
reasonably think of is to begin by splitting up 
the given complex group of metals into a number 
of groups, so that each of these shall contain the 
whole of, and nothing but, certain metals. A, B, 
C,. . .; to then apply the same principle to the 
groups; and then to the groups of the second 
order; and so on until one arrives at last at 
cither the individual metals, or at groups of such 
smallness that the side-by-side recognition of 
their members oilers no dilliculty. This, at any 
rate, is the course which is adopted by every 
chemist. The table on p. 221 in its first vertical 
oolumn names the generic reagents which are 
customarily used for the formation of primary 
groups, and shows how these act on solutions of 
the groups of oxides named in the successive 
column headings. For the separation of tho 
groups from one another it i%obviously expedient 
to begin by eliminating the silcer grmip by 
means of hydrochloric acid, which must be added 
m instalments until the solution is decidedly 
acid, and, if a permanent pp. appears (which 
with us can consist only of those three chlorides), 
intil tho ppo. is completed.' The pp. contains 

S?!"*'.';" “"‘“hi’ Tl. the metal pawoa for the 
most part Into tbe pp., where it is cast] 7 detAAtMl hw 

!hlSridMn“Sco characteristlo sofnblllty of iS 

mUn.4 iL'irtro’uVehTo riSiS.”* 

rronp chloriJea For the pM,««, oTlmore meW^aalyS; 


® ^ a.®*", toawnwmiji It AgCIt vkI 
HgjOl,, bat onl^pui (if any) of the lead; asmsU 
quantity of this metal always passing Into tbs 
filtrate. From the filtrate the copper and arse&lo 
groups are ppd. conjointly by means of sulphn* 
retted hydrogen. Before applying this reagent, 
however, we must make sure of the at least 
relative absence of nitrous, nitric, and ohloriOi 
acid and other oxidising agents, which, whilo 
not easily or completely reducible by HjS would 
at least tend to oxidise it and impede its normal 
action. Any of the three oxidants named can 
be expelled by repeated evaporation to a small 
volume with^ cone, hydrochloric acii* Xh« 
last residue is diluted with the proper propor¬ 
tion of water, and (heedless of any insolublo 
oxychloride that may separate out) treated with 
sulphuretted hydrogen, first at about 70® to 
make sure that As^Oj is completely reduced 
to As^Oj, and its metal ppd. (as ASjSj + Sg), 
and then again after cooling, or else part at 
least of the cadmium and other copper-arsenio 
group metals, whose sulphides are ratlier 
unstable in opposition to aqueous acids, would 
escape ppn. 

On account of the metals just referred to, 
wo must see that the quantity of free mineral 
acid is not excessive, but is sufficient to prevent 
the ppn. of tho zinc, which from only feebly 
acid solutions is liable to pass into the siri- 
phuretted hydrogen pp. 

The ppd. sulphides are collected on a 
filter and washed with very dilute sulphuretted 
hydrogen woter, to constantly re-sulphurise 
what may have become sulphate by the action 
of tho air; the first instalments of wash*water 
being acidified to the extent of the mother 
liquor, to prevent ppn. of ^ho zinc. In order 
now to separate the two groups, the pp. is 
digested on a water-bath heat with undiluted 
yellow sulphide of ammonium; an excess of 
sulphur in this reagent being necessary, chiefiy 
on account of tho stannous sulphide, SnS, 
which becomes soluble only through conversion 
into stannic, SnS^. To cifect a complete sepa¬ 
ration, tho treatment with sulphide of ammo¬ 
nium may have to bo repeated with the first 
residue. Tho copper-group sulphides are filtered 
off and waslicd with warm water mixed with A 
little sulphide of ammonium. From the filtrate 
the arsenic-group sulphides are reproduced by 
acidification with dilute sulphuric acid;-after 
expulsion of the dissolved sulphuretted hydrogen 
by a gentlo heat, they are filtered off, and 
washed with plain water (sulphuretted hydrogen 
water would dissolve sulphide of arsenic As^SJ, 
Tho pp. is liable to bo contaminated with 
sulphide of copper; this con be eliminated by 
treatment with warm dilute caustic potash, 
which dissolves the orsonio-group sulphides 

a pretty safe rale is thi*. If a eolation on adding HOIAa 
abnormaWooklng pp., repeat the experiment with 
ilMO,Aq; Uno permanent pp. Is produced, HClAq will 
wt normally a» a chloride; If a pp. ia formed, It moat be 
Altered off and analysed for the metals that may be la it. 
(aa sulphides. e.g, As,S,; or chlorides such as AgOI, Ao., 
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of nuttllto oxldn wtti 
J.® remember the volatility of AaCL 

* ®npi.. BlCI, Tho eT»por»tIon It hmt (»» 
wlxtlltoWoridtiuiiwrohod 

tu u the alstu.ttt.. 
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only. From the filirate, these stalphidcs can he 
reeoTeied by aoidiftcation, in meir original 
form. Alter elimination ot the copper and 
arsenic groups, the bariwn-group may be scpa- 
rated out by means ot sulphuric acid. The 
barium comes down at once (as BaSO,), the 
atrontium gradually, on standing and keeping 
warm. From the liltrato from these two sul¬ 
phates the calcium can be ppd., after due con¬ 
centration, by judioiogs addition of alcohol, 
and allowing to stand for, say, 12 hours. The 
calcium sulphate is filtercif off and washed, 
first with dilute, and lastly with strong, alcohol. 
The filtrate, after removal of the alcohol, is 
ready for the elimination of the iron-group, &o. 
This method is the best that can be adopted if 
an analysis for the barium-group metals is our 
principal object; it also oilers certain other 
specific advantages; yet the majority of chemists 
prefer (after application of sulphuretted hydro¬ 
gen in the presence of acid) at once to separate 
out the iron-grcMp, by means of sulphide ot 
ammonium. The addition of this precipitant 
must of course be preceded by the neutralisation 
of the free mineral acid of the solution with 
ammonia; if a sufficiency of sal-ammoniac is 
not thus produced incidentally, some sal-am¬ 
moniac must be added, to bring the pp. into a 
fit condition for filtration. But we have no 
space for these technicalities, and accordingly 
assnme the pp. to have been filtered off and 
washed with warm water mixed with some sul¬ 
phide of ammonium, so as to remove the whole 
of the mother-liquor. This liquor, by theory, 
contains the whole, in practice it may be as¬ 
sumed in general to contain the bulk, of the 
barium-group metals and of the magnesium, in 
addition to the whole ot the alkalis. For its 
analysis, the barium-^oup is ppd. by means 
of carbonate of ammonia added to a warm solu¬ 
tion. In the presence of ammonia-salts, of 
which as a rule there is more than enough, 
only the barium-group metals are ppd. as 
carbonates; the pp. is collected on a filter, and 
washed with hot water. Part of the filtrate 
serves for the detection of magnesia by means 
of ammonium phosphate. The rest ot the 
filtrate is evaporated to dryness, and the residue 
calcined. The ammonium-salts volatilise, or at 
least their ammonia does, and there remains a 
residue containing only magnesium and alkali- 
metals, which latter can be detected without 
elimination of the magnesium by suitable 
methods. 

In regard to the analysis of the groups, our 
space docs not permit os to do more than 
shortly indicate how the sulphide of ammonium 
pp. (which may bo of very coipplex composition), 
can be split up into minor groups. Before doing 
so, let us state that in the presence of representa¬ 
tives of a certain group of acids which includes 
H 3 PO„HF,HjBO,, and certain organic acids, e.g. 
oxalic, the pp. is liable to contain part, or all that 
there is, of barium-group metals and of magne¬ 
sium, as salts of the acids named. A thoughtful 
analyst takes care to keep these inconvenient 
acids out of the solution; but the introduction 
of phosphoric acid is often unavoidable, and we 
therefore assume it to be present. Whether this 
acid is present or not, the cobalt and nickel 
tan be eliminated, approximately at least, by 


treatment of the pp. with cold, dilate' EClAq, 
and removed by filtration. The filtrate is next 
tested for iron, best by adding a few granule! 
ot chlorate ot potash and boiling, when the iron 
assumes the form of ferric salt, and becomes 
visible by the intense yellow colour of its hot 
hydrochloric solution, and at the same time 
assumes the right form for the next step, which 
aims at a separation of the metals present as 
Fo.,Clj, AljClj, Or.Cl,, and the phosphates, from 
the metals (manganese, zinc, <ko.) present as 
dichloridcs. Of tho various methods which we 
have for their separation, the most convenient 
for general purposes is tho following:— 

After having made sure of the complete 
reduction of the manganese (Mn^Gl,,) to man¬ 
ganous chloride by sufficient boiling with hydro¬ 
chloric acid, we allow to cool, dilate pretty 
considerably, and next add (sal-ammoniac if 
noces.sary, and) ammonia, drop by drop, until 
the mixture is alkaline. Wo then (without 
losing time and giving tho oxide ot manganese 
much chance to get por-oxidised), boil until 
the vapours cease to smell of ammonia, and 
filter. The pp. contains all the iron, alu¬ 
minium, and chromium, and all the phosphoric 
acid ns lime-salt, or in other forms; the filtrate 
contains at least part of the zinc, manganese, 
and in general part of tho rest of tho protoxides. 
If tho sesquioxide-pp. is bulky, it must bo re¬ 
dissolved (after a few washings) and re-produced 
by a repetition of tho first operation. From the 
protoxide filtrate, tho zinc, after acidification 
with acetic acid, can be ppd. pure by fractional 
ppn. with sulphuretted hydrogen-water in the 
cold. The manganese, traces of nickel and 
cobalt, and in general much lime, baryta, and 
etrontia, remain dissolved, . 

The scsgtiioxides-pp,'‘ (if chromium be pro- 

' The cohait-nickel pp. nerer contains tlic whole of these 
metals; part passes Into solution, and ultimately fimls its 
way into tho 'pro(oxitlrfiU 7 'ate.' Jn oddition to its normal 
com|>oneDts It is liable to contain sulphide of zinc, and 
perhaps traces of other irou-iaonp metals, and any 
cadmium, antimony, &c., tliat may hare been allowed to 
slip into the flitratc from the sulphuretted hydrogen pp. 

* If tho solution contains urnntum, thi. 4 , In our scheme 
of analysis, goes with the iron, and consequently has to be 
looked for in the tesquioxide pp.; from which it can bo cz* 
tracted by digestion with warm, concentrated, solution of 
carbonate of ammonia. To pass now to a number of rare 
metals, which we hare so far entirely ignored: 

Palladiuni, in our system, belong to the copper-group. 
It is characterised chiefly by the utter insolubility and 
black colour of its iodide. 

Platinum and gold go Into tho arsenic group; only the 
sulphides arc not easily soluble in alkaline sulphides. In 
almost all praoticat cases they can be kept outside the 
solution Intended for the detection of tho metals by suit* 
able methods. If they are unaroldably present, they are 
best separated out; the gold by ferrous chloride (at 
metal): the platinum, by means of solid sal-ammonloo 
a<ldcd to the concentrated solution, os FtCI.(N]I«),, which 
must be WMhed with the least possible quantity of a solu¬ 
tion of the precipitant. 

Titanium- as TiO,, in the analyst's sense stands 
between Slu» and AUO,. In our system It goes with tha 

AlgO,. 

Beryllium behares to our group-rcagcntsliko bnl 
it is for more easily soluble in sal-ammoniac than alumina 
is. tlnllke it, it (Ussolrcs in carbonate of ammonlOi and 
does not form on alum. 

The rare earth metals, cerium, lanthanum, dm., dso., must 
all be passed oTcr here. 

Lithiur^ (easily detected by spectrum ^alysls) behares 
on tho whole like K and Na, but nnlilre them forms au 
insoluble phosphate producible by craporatlug Its solution 
with phosphate of soda plu8caU8tlo80da«.e.withNiuPO«)! 
to dryness, and treating the residue with water, when it 
remains, ^m magnesia (if ammonia salts are absent) II' 
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Mn() i> best analjraed by tnsion with caostie 
potash and nitre in a silver dish, and treatment 
of the fused mass with water. Should the 
solution be green (ram manganate, &is mast be 
reduced (to MnO„) by addition o( a few drops of 
alcohol and heating. The mixture is then 
filtered. The filtrate contains the chromium as 
(yellow) chromate, the aluminium as aluminate, 
and part, in general, of the phosphoric acid as 
phosphate. The residue contains oxide of iron, 
magnesia (JfgO), and possibly barium-group 
metals as phosphates. 

The Determination of the Non- 
Metallic Components.—Om systematic 
methods for the detection of the metals con¬ 
tained in a solution of salts are far less ham¬ 
pered by onerous conditions than aro most of 
our methods of acid detection. Hence the 
general rule to first complete the analysis for 
metals before attempting the systematic and 
exhaustive search for the non-metollic compo¬ 
nents. How far the solutions obtained in the 
disintegrations are available for the latter 
purpose, and the rospoctivo methods of proce¬ 
dure generally, depend chiefly upon whether 
we merely aim at the detection of the non- 
metallic elements as such or at that of the acid 
radicles contained in the substance. All we 
could say in regard to the former case is antici¬ 
pated' in the section on the ^Detection of 
certain elements, lic.' (p.217) and the latter 
is not susceptible of being treated instructively 
in general terms. In regard to it we must refer 
to the special hand-books. 

Qoasiitative Analysis. 

The general problem of quantitative analysis 
defines itself. It^ solution, scientifically at 
least, assumes its simplest form, if the thing to 
be analysed is given as a free substance and the 
(let us say one) component to be determined can 
be separated out exhaustively in the form in 
which it is meant to bo reported. In such a 
case all that is required, in addition to the 
analysis proper, is the numerical definition of 
the two quantities concerned. Of the several 
direct methods which we have for this purpose, 
only two need be mentioned; one is to measure 
the volume of tho body under stated conditions 
of temperature and pressure, tho other is to de¬ 
termine its weight. Tho former method is 
confined in practice to gases and liquids; the 
latter is applicable, and indeed is applied, to 
bodies of all kinds, and, when we have choice, 
applied preferably. The volume of a body is a 
function of temperature and pressure, and its 
numerical statement is consequently encumbered 
with the necessary reference to—in general- 
two corresponding standards; the weight of a 
given body depends only on the intensity of 
gravity, and even this variable in practice is out 
of court, because, in chemistry we always use 
that well-known method of relative weighing 
which measures the weight of the body not in 
terms of a unit-force but as a multiple of the 
weight, at the time and place, of an adopted 
standard mass, viz, the uni^piece of oar set of 

Is separated by solution of baryta la a warm liquid whloh 
pps. only tbe magnesium as Mg(OH),. 

/tutilUum and ciestum, la auysohome of analysis,follow 
Iwtassluiu to the end. 


weight!. Tbe result of snob a weighing is inde¬ 
pendent of the prevailing force of gravity, and 
consequently not subject to any variation; it 
consequently, at least, indexes the mass with 
perfect definiteness. We, moreover, know that 
it is independent of any chemical change within 
the body (or set of bodies) weighed. A mass of, 
for instance, sulphide of copper weighs precisely 
as much as tho two components did conjointly. 
Hence for chemical puipo-ses our method of 
weighing might safely bo Viewed as a method of 
true mass-measurement, even if Newton bad not 
proved that equal weights (chemically deter¬ 
mined) correspond to equal inertias. 

The method of direct quantitative analysis 
explained is tho only one which suggests itself 
when the component to be determined is a 
chemically indofinito mixture (such as for 
instance the mixture of salts contained in a 
natural water); it applies to a good many other 
cases; bnt of course breaks down whenever the 
body to bo determined is an imaginary radicle 
such as SO, or CIO,, &c. In such cases (and 
many others as a matter of expediency) we 
determine the component by one or other of our 
indirect methods of mass measurements; which, 
however, all como to this, that instead of the 
unknown mass X, we measure some other quan¬ 
tity q, which bears to a; a known fixed relation, 
X = f(q, m), where m is a mass which must be 
measured directly, although the analyst does not 
always do this at the time, or himself at all. 

Most of our determinations in analysis are 
uncertain by at least O'OOl of their values, and 
a higher degree of relative precision is afforded 
by any fait ordinary balance. But tho nature 
of our methods c.nnpels us, in general, to work 
on small quantities—wo rarely care to start 
with more than one gram of a given solid— 
and besides the products to bo weighed can in 
most oases not bo placed on the bare pan, but 
must bo shut up in opparatus weighing perhaps 
100 or 1000 times as much as themselves. The 
net weight then comes to us only as a small 
difference between two largo weights directly 
determined. So it comes that even for the ordi¬ 
nary routine of quantitative analysis, we need a 
balance which to be generally useful should 
carry about 100 grams on each side, and with 
this charge turn distinctly with anything greater 
than, say, 0'2 milligrams. 

The Chemical Balance.' 

In its present form the chemical balance is 
nothing more than a refinement upon tbe ordi¬ 
nary beam, and scales to be seen in any grocer’s 
shop; it is a more perfect reaUsation of tha 
same ideal machine. There is an absolutely 
rigid beam, suspent'ed so that while it oscillates 
freely about a certain axis, every point of which 
is fixed in reference to tho stand, it cannot per¬ 
form any other motion. From two points 
which lie in the same plane with the axis ot 
rotation—one a near tho left, the other b neat 
the right, end,—the pans are suspended by 
means of absolutely flexible linear strings, a 
and B are equidistant from the axis of rotation. 
The form of tbe (ideal) beam is arbitrary; so in 

' Partly abstracted from tbe writer's memoir: Ueber 
die WaaM dea Chmikert {ZaUschii^/Ur iHetrumenteniwide^ 
1 S 81 | SIti et MS*}* 
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iatDu ii ite natf, trhiob, Iiow«vn, mnit b« w' 
' iistriboted that, supposing the line a b to be 
horisontal, the centre of gravity of the empty 
beam lies vertically below, though very near, 
the axis of rotation. Let ue at once add that in 
the actual instrument the weight of the beam 
should be no greater than is necessary to ensure 
to it sufficient stability of form in all circum¬ 
stances, because the greater the weight of the 
beam, the greater {ctBt. par.) the friction in the 
axis of rotation, anS the greater the time of 
vibration. 

Of the diflBcalties involved in realising the 
ideal machine, that of producing a light and yet 
practically inflexible beam seems to have rested 
most heavily upon the minds of the earlier 
makers; but there can be no doubt that many 
of their efforts in this direction (which occasion¬ 
ally resulted in what we should now cah fan¬ 
tastical beam forms, such as hollow ellipsoids or 
double cones, monstrous skeleton forms, Ac.) 
must be traced back to their inability to roach 
a suflBcient degree of precision in the geometric 
adjustment of the three pivots, and their thus 
charging against the flexibility of the bc.am what 
was really owing to these defects in the adjust¬ 
ment. As these difficulties were overcome, beams 
assumed less fantastic forms. Sacr6, of llrnsscl.s, 
we believe, never uses any but plain rod-shaped 
beams for even his finest instruments; most j 
balance-makers, however, prefer the form of a ! 
largely perforated rhombus or flat isosceles . 
triangle; and thereby attain all that is needful j 
even for the be.st instruments without offending j 
the eye by unduly stretching the maximum sec- | 
tion, or without using anything more rigid, | 
intrinsically, than hammered brass or some 
kind of hard bronze.' 

In all modern balances the axis of rotation 
Is sought to be realised in a straight tnife-edge 
ground to a prism of hard material, which is 
firmly fixed to the beam traversing it cross-wise, 
and rests—in the best balances along its entire 
length - on a horizontal, plane, (andeiiually hard) 
bearing fixed to the stand. The arrestment is so 
oCntrived tliat, besides doing its primary duty, it 
secures to each point of tlic knife-edge a fixed 
position on its bearing whenever tlic balance 
works. In former times both bearings and knives 
used to be made of hard steel; subsequently 
agate bearings came to be combined rvith steel 
edges, and this i.s still tho most popular com¬ 
bination ; although llobinson long ago introduced 
agate knives in conjunction with agate bearings. 
The agate knife add.s nothing to the precision 
or mechanical durability, but for laboratory 
balances offers the great advantage of rendering 
the system proof against agid-vapours; accord¬ 
ingly it is gaining more and more in popularity. 
Quite latfdy an American has introduced as a 
material for both knives and bo.aring3 that very 
hard (and acid-proof) al loy of osmium and iridium 
which is used for tho tipping of stylograph 
•pens. 

The point pivots, A and B, used to bo realised 
visibly by mcians of two circular knives fixed to 
the end of tho beam so that their working-edges 
were parallel to the axis of rotation. From the 

* For fnrlhcr information r^gardinf^ tkli qncstion vc 
Nferto the vvritcr> memulrfiu>.>tcd in footnoto to p. '229, 


towest p^ii, th* by meant 

pi 1 shaped hookt bt tteel wire. In this way 
8 very high degree ol precision can be attained, 
and tho system when well executed it more 
durable than one would think, but with balances 
used lor heavy charges it cannot possibly last 
for many years. 

In the better system introduced by Bobinson 
of London hall a century ago each extremity of 
the beam is provided with a knife-edge similar 
to the central one (except that it is turned up¬ 
wards) ; on each kmfe-edge rests a stirrup-shaped 
(or J-shapod) contrivance, terminating in a nag 
below, and from this ring the pan is suspended 
by a hook. This, of course, comes to the same 
as if the pan were suspended from the projection 
of tho working point of the hook-and-eye arrange¬ 
ment on the respective knife-edge; so that the 
latter need not be absolutely parallel to the axis 
of rotation. Flat ond-bearings demand a some¬ 
what cumbrons and expensive appendage to the 
arrestment to secure to each point of every edge 
a fixed position on its bearing in the working in¬ 
strument. 'Henoe Staudinger, and many others, 
prefer to combine (long) end-knives with roof¬ 
shaped bearings, which, in virtue of their shape, 
fall into their prescribed positions without 
external aid. 

In now passing from fundamentally impor¬ 
tant to subsidiary points, the arrestment ought 
to be taken up first; but we could not possibly 
do justice to this (practically all-importaut) sub¬ 
ject without workman-like drawings and lengthy 
descriptions. We therefore pass on at onoe to 
the needle which serves to define the position of 
the beam in reference to tho plumb-line. 

lu the precision-balance the needle is made 
to point downwards towards a scale fixed to tho 
lowest convenient point of tlio pillar. The zero- 
point defines the ‘ normal position ’ of tho beam, 
i.e. th.at position in which its centre of gravity 
i lies vertically below tlie axis of rotation. Tho 
I scale is so divided that the radii drawn from the 
axis of rotation tlirougli the m.arks divide the 
! tangent to tlio circle described by tho oscillating 
needle, at the zero point, into pieces of equal 
length, which in most practical cases means 
into degrees of equal angular value. 

To avoid tho use of small weights, each arm 
of tlio beam, in most balances, is divided into 
ten equal parts in the sense that tho projections 
of tile marks on tho lino A n connecting the two 
point-pivots divide tlio distance from the 
central pivot to (say) B into ten equal parts. 4 
rider weighing ton mgms., when suspended dh 
mark 1, 2, 3, diC., acts like 1, 2, B, Ac., mgms. 
placed on the pan. In most balances, however, 
points 0 and 10 are inaccessible, licoker’s 
Hons, of Botterdam, avoid this inconvenience by 
dividing each arm into twelve equal parts, and 
providing a rider of twelve mgms. weight. Some 
makers make tlio top bar of tlicir beams straight, 
and exactly parallel to tiic piano of the three 
pivots, and let it project beyond tlio terminal 
edges, besides keeping it clear of encumbrances, 
BO that the rider can move freely from one end 
of the beam to the other. This system, besides 
its obvious advantages, admltssof the use of 
lioavier riders ; because tlio increase in sensibility 
caused by the presence of tlio rider is the same 
at any position which it may have; only the 
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tidw is itiAh ^ nidii be 'coaoied part and 
paicol bi the instrainenh' 

. In p)K»eeding now to develop the etatical 
theory of the prcoision-balanoe we wilt aesame, 
tor a first approximation, that the throe pivots 
are physically and geometrically perfect in 
themselves, but, for the sake of greater gene¬ 
rality, we will not assume that the knives are 
exactly in their intended positions. Imagine a 
system of rectangular co-ordinates fixed to the 
beam so that, while the z-axis coincides with 
the axis of rotation, the x-axis goes through the 
centre of tho middle knife, and runs parallel to 
the lino A D which joins the two point-pivots. 
Let tho co-ordinates of a and n, of tho centre 
of gravity s„ of tho empty beam, and of a certain 
point 0 to bo defined presently, be as follows: 

A n s. 0 
*= -V -H" 0 

V= +h* -fh* Sj 

Let p* denote tho total charge from A, p" 
that from b, and w, the weight of the empty 
beam j the joint effect of these three weights is 
the same as if they were all concentrated in some 
point 0 at a!=Xa and p=i/„. For calculating 
purposes wo may assume gravity in one case I. to 
act in the direction of tho x-axis, and in a second 
11. in the direction of tlio x*axis; we then have: 
(Case I.) . p''i"-p'r={p' + p'' + wjar, . I. 
(Case II.) {?' + t")h + \v^s^=> 

(p' + p"-t-w)(p'+p" + w,)i/(, . II. 

In any sensibly constructed balance things 
are so arranged that, under all circumstances 
that come into practical consideration, the 
centre of gravity o of tho whole system lies 
outside and below tho axis of rotation (i.c. that 
yQ>o). Assuming both a;, and to have 
positive values, and the beam to be left to 
itself in its normal position, it will turn, and 
tend to assume that position in which o lies 
vertically below the axis of rotation. The radius 
oc then describes an angle equal to that which 
separates oc from tho x-axis, and obviously, 

, p"r— pT 

To bring the equation into a handier foi'm 
for our purposes, lot us seimrate p' and p" into 
parts, thus; and p"=yo+p" where 

the p^8 stand for the weights of tho empty 
pans, which are always so adjusted thatp't,/'-* 

; let us then lump with tho weight 

of tho beam as w = w„ -i-y,+y'g and write 
p'T-p'l' 

‘“•“=(j;'-T],'')+wi • • • 

where s has an obvious meaning. We then 
have lor a:„ tho equation 

p"r -])'!■ - (o' +p"-^ w)j!„. 

This equation may bo said to state tho theory 
of the ordinary method of weighing. To find 
tho weight p' of a given body we place it on the 
left pan, and then try heavier and lighter com¬ 
binations of standards on the right, until we 
have found out that one (representing p" 
grams) which reduces x, to nothing, so that tho 
balance is at rest at, or it vibratos about, its 

o"l" 

normal position. We then have 

. Por more exact ioformation He the wrlter'e memoir, 
page SSI. 

* .f mean.' below ah* 

Vou. I. 


In formnlating the rdaiian between a small 
overweight on one side and tba corresponding 
angle of derivation e, we may take I'=f" (as it 
reallyisveryneatlyin all well-adjusted balanoee), 
and (forjt>'=p andp"-» 2 )-t a) write 
Af ■ 


tan. as 


IT. 


VI. 


VIL 


ws -e 2ph 

where a means tho angle through which the 
position of rest turns in consequence of the 
addition of A units of welfeht to the right pan, 
the charge before liavmg been x=p on each 
side. 

In practice tan. a is measured in degrees of 
the scale. Supposing a corresponds to n degrees 
of the scale, and tho index-length is j in 
degrees, wo have 

—. . .V 

J ws -I- 2ph 

The ratio ^ defines the semibility of the 
balance; we have for it 
B =. -?L =. __LL_ 

A ws -s 2ph 
and for its reciprooaI,-i , the weight-value of 
1*^ of tho scale, 

1 

K fj 

For 7t = 0, tho term 2ph vanishes, and the 
sensibility becomes independent of tho charge. 
In the actual instrument h is a function of the 
charge, of the form 7i=7to + ^|p, where )8 is a 
small constant depending on the coeilicicut of 
elasticity and tho configuration of the beam. 
For a given charge, a good maker has no 
difficulty in bringing h down to less than ± 0*01 
mm. The best instruments are so adjusted that, 
for a certain medium charge, 7^=0, so that for 
p=0 it has a small negative, and from p= 
maximum charge a small positive, value. The 
relative chango in tho sensibility involved in 
passing from ^>=0 to p^p, is shown by the,- 
equation 

_ 2ph 
Eg‘* WS 

and consequently ia the less (ctct. par.)^ the 
greater s, i.e. the less tho initial sensibility, 
Bg. It {i.e. the left side of our equation) comes 
to its minimum (assuming to represent the 
maximum charge) if the balance is so adjusted 
that, for the cdiarge 0-83 p, A--=0. Supposing 
this rule to be generally adopted, the relative 
inconstancy of the sensibility is independent 
of tho arm-length (see tho writer’s memoir, 
p. 318). 

No balance is complete without a ‘ gravity- 
bob,’ a small button or sphere of metal attached 
to a wire which stands vertical on tho top of 
the beam (in tho r-axis) so that it can be 
screwed up and down into any position. Matters 
are arranged so that when tho bob js quite 
down the sensibility is below the Io\^t value 
we care for, while, by screwing up thej||||b to its 
highest place, we can bring C inlk^l^Kycn a 
little to the wrong side of, the axliiw^^tion. 
Henco it would appear that, by screvnn^p the 
bob sufficiently we can get our balance to turn 
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vigibl; with my O'OOl mUligram oi aayihii^ 
less tW we might care to name. So indeed it 
would be il our lundamental assumptions could 
be—and were—realised. In practice, however, 
the knife edges are not absolutely straight nor 
the bearings absolutely plane, and neither are 
absolutely rigid. Hence the three axes, instead 
of being always at S! = A, o, n respectively, so to 
say oscillate irregularly, each from a:-A to 
e + A, whore x is the theoretical x. In going 
more fully into the ^natter we see that as a con¬ 
sequence the balance at a given charge (say 
left; p right) is in a state of indifferent cquili- 
rium within a small angle ± j3, which, of course, 
is the greater the greater is e. But the weight- 
value e of this angle is constant, and is governed 
by smite equation like 

,= L{^ + 2p) 

where * X * is meant to lump the joint effect of 
the three As previously referred to. t may 
be called the ‘ inherent error ’ of the balance. 
There is obviously no use in screwing up the 
bob any further than necessary to render this « 
(i.e. angle /3) distinctly visible. It may be in¬ 
expedient even to go so far, because, in practice, 
wc never aim at the absolutely true weight, but 
at a value sure to differ from it by no more than 
say ±0’1 mgm. The angle corresponding to 
this need not be more than distinctly visible. 
To make the angle greater than necessary 
needlessly adds to the time of vibration which 
may already be inconveniently high. Because 
the time of vibration (t in seconds) is governed 
by the equation 

■,,_ tMkw.+2(p.+y)l VIII 

li { WA +2(0,4 l))k} 

where It denotes the length of the pendulum 
beating seconds at tho place of observation. 
fcw,p denotes the momentum inerliie of tho 
empty beam in reference to the axis o' rotation. 
The denominator of eq. VIII. suggests the 
expression given in eq. VII. for tho sensibility 
B. Combining tho two wo have 

{ (kw, 4 2y>„) 4 2j ) E . . IX. 

The bob enables us to clioo.se our own E or our 
own t (for a named charge), but it docs not 
enable us to choose both. We of course refer to 
a ready-made balance; in the hands of a me¬ 
chanician who designs a balance for a shated 
purpose, I becomes an arbitrary variable, and 
the equation then assumes something like this 
form ; 

<’=I(04kW42p)E . . . X. 

where c and b are constants whose meaning is 
Bufliciently apparent. In words: Whatever 
(reasonable) value for e may have been fixed 
upon we can bring down t (for say p = 0) to any 
desired figure by making I sufliciently small. 
But where shall we stop? For high-class 
balances intended to weigh up to 100 grams, 
mechauicians used to draw the line at Z = 180 to 
200 mm. Those values (perhaps more by dint of 
habit than on rational grounds) were retained 
until about twenty years ago. Whan P. Bunge, 
of Hamburg, introduoed a ne™ 


stromeni, in whiob the ana-length la teduoed 
to tome 60 to 66 mm. Thanks to the general 
excellenoe of Bunge’s work, these short beams 
soon became very popular among both ohemists 
and mechanicians; and it therefore is worth 
while to inquire what their specific advantages 
as short-beam balances amount to. 

For this purpose tho writer, some years ago, 
determined the constants of eq. X. for a very 
excellent Oertling (hectogram) balance, which 
he has in his possession, (its Z = 181 mm.), and, 
taking it as a general model fur an imaginary 
genus, calculated the values of t for a number 
of charges and sensibilities, assuming Z to be 
equal to (a) 180 mm. and (6) CO mm. He 
found for 

I, E = 2 degrees of the scale per 1 mgm. 
of over-weight.' 
if Z = 180 mm. 60 mm. 

forp=0;Z= 7"-7 3''C 

The short beam obviously vibrates too fast tor 
high-precision work. To set this right let us 

screw up the bob on both sides, so as to double 
tho sensibility. We now have 

rt. e = 4 degrees per mgm. 
if Z = 180 mm. 00 mm. 

forp= 0; Z= ll"-0 6''-2 

a3p=30; Z= 14"-8 7"-8 

a3p = 100:Z= 21''-2 ll"-0 

l-!)3 2-23 

The times of vibration no doubt assume the. 
more convenient values in tlio shorter beamed 
instrument. But what does this amount to 
practically ? In our opinion not to as much as 
some people seem to think. We arc inclined to 
think that the short beam offers material advan¬ 
tages to those who are accustomed to tho dead- 
beat method of weighing (see below). All thoso 
who prefer the method of vibration will on 
the whole, we think, faro better witli the old 
form of tho instrument. But tliis, to be com¬ 
plete, should be provided \vith the two following 
auxiliary contrivances of the writer’s invention; 

I. An auxiliary small hob'^ attached by 
mere friction to the upper part of the needle, 
which has the form of a triangular prism and 
is (virtually or actually) graduated, so that one 
is able, at a moment’s notice, to give to tho 
weight-value of 1° of the scale any convenient 
pre-determined value, to make it equal to 
exactly 2, I, 0'5, 0*2 &c.mgm. as he may please. 

II. A microscopic arrangement “ for reading 
I the excursions of tlie needle. A narrow ivory 
i scale, divided into very sm.'iU degrees, is fixed 
1 to the needle neat its lower end, so that a micro¬ 
scope which is fixed slantingly to tho stand but 
passes through the central (iixndj portion of the 
front pane enables one to road it. Tho micro¬ 
scope has a vertical wile in its focus; this wire 
appeals as ^ vertical line crossing the image 
of tho scale. Every degree of tho micro-scale 
corresponds to exactly 0*1 degree of the ordinary 
scale, which latter does duty as usual. As the 
microscope reverses tho imago, the apparent 
motion of the * wire ’ on the micro-scale is in the 

* the addition of 1 w^ra. causfs the needle to oeotl- 
late between 0 and ± X®; I® in tho given instroment* 
] mm. very nearly. 

• Pr. K., 1876; C. N. 83,157. 
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■ame sense as the real motion of the needle in 
reference to the ordinary scale, so that there is 
CO fear of blunders through mistaking plus for 
minus. The writer is indebted to Mr. Oortling 
for haying executed this arrangement for him 
in a most masterly manner. Though intended 
originally to bo reserved for special work, such 
as weight-tosting &q., it was found so convenient 
that both the writer and his assistants use it 
preferably for even their everyday weighings. 
The specific advantage of the microscope w that 
it enables one to adjust the *bob’ so as to pro* 
duce the most convenient time of vibration. 
The microscope more than makes up for the 
involved loss of sensibility. 

On Weighing. 

A precision*ba1ance should stand on an un¬ 
shakable table, and should not bo exposed to 
tho risk of one-sided elevation of temperature. 
Before being used for a scries of weighings it 
must of course be set in order, which includes 
that tho case be ‘levelled,’ so that the xdanc 
including tho axis of rotation and tho zero of 
the scale is a plumb-plane. The next tiling to 
do (if necessary) is to bring the ‘bob’ inti its 
proper }>osition; ix. to place it so that tlie 
least difference of weight wo care for just be¬ 
comes visible as an angle of deviation and no 
more, because to increase the sensibility beyond 
what is needful means needlessly to diminish 
the range of weights determinable Iiy vibration, 
the constancy of the sensibility, and tho rate of 
vibration. This rate of course must not bo 


the needle, and from these calculate the posi¬ 
tion of rest. Supposing we count distances 
traced by the needle in moving from 0 to the 
left as positive, and those to the right as nega¬ 
tive, and the needle turns successively at n„ 

Wj, » 4 , W 5 , degrees, we have for the position of 
rest, 4 values, 

and the mean of these four values gives the 
reading corresponding to the i>osition of rest. 
But tlio factor .J can be dro^jped, because we are 
evidently at lib^erty to measure in lialf-dcgrees. 
By taking an odd number of readings we elimi¬ 
nate the error caused by what the needle loses 
in passing through its path ; for ordinary prac¬ 
tice 3 readings are sufficient. It suffices to deter¬ 
mine n^ =(say) + 4'2; 7 l,= — I'O; = +4*0, and 

compute ‘ o ’ = mean of + 3*2 and - 1 - 3*0 + 3'1. 

In this case the right pan is too heavy by 3*1 x 
k mgms., if k is tlie weight-value of 1 ® at the 
respective charge. In a good balance k is almost 
independent of the charge; the writer’s suj^ple- 
montary bob of course enables one to give it a 
pre-detennined value. How k is determined 
need not be explained. 

Supposing p grams to have established exact 
equilibrium, the object weighs 
I" 

X I? grams. 

Tho several weights which enter the calculation 
of an analysis need only be relatively correct. 
Hence, if all the weighings involved are made 
on the same balance and with tho same set of 


allowed to fall below a certain limiting value. 
In the writer’s opinion, t = 5" is about tho 
lowest permissible limit for relatively lieavy 
charges. Next, the balance must be brought 
‘ into equilibrium ’ at least approximately, i'or 
this purpose Oortling’s balances carry a vane 
at tlie top of the beam, consisting of a little 
lover hinged to the wire of the bob, which can 
be turned round, so as to shift the centre of 
gravity to tho right or left.* A belter arrange¬ 
ment is a small horizontal gravity bob at one 
end of tho beam, i'or simplicity’s sake wo 
assumo that the balance lias been brought into 
perfect equilibrium, so that tho needle in the 
vibrating instrument moves forw.ards and l>uck- 
wards between •i-n° and -n°. To weigh an 
object (which, to fix ideas, we will assume to bo 
a solid, and non-hygroscopic), tho ordinary mode 
is to place it on the l( 3 ft pan, and then coun¬ 
terpoise very nearly with standard weights, stiy 
p grama, on the right. In order now to deter¬ 
mine the small additional weight whicli is re¬ 
quired to establish xiorfect equilibrium, wo may 
uso one or other of two methods. In tlio 

Dead-beat method we simply continuo our 
trials, until the needlo vibrates about tho zero 
as its position of potential rest. It is, li^wover, 
hardly possible for any thinking person to uso 
this method without at least instinctively com¬ 
bining it with 

The method of vibration, which in its most 
exact form consists in this that we note down 
(at least mentally) tho successive excursk>ns of 

' A vane with properly graduated limb la oa good aa a 
^rider’; better in fact, iuasmuch as it is not liable to drop 
off and got lost; tlUa innovation was proposctl by Hempel, 
Int ha* not met with mnoh favour u far as we know. 


weights, and the objects are always in the loft 
pan, in any such series we may adopt grms. 

as our unit and say a;s=^. 

"We do not consider it necessary to quote 
examples of cases in which as a matter of prin- 
I" 

ciple Y‘ cancelled; we rather say 

' that in all precision-balances worthy of the name 
i V' 

\ y is t’cry small, not more than 0‘00005 at the 

most. If the empty balance was in equilibrium 
at +a„ degrees wo must add, if at —a, degrees 
we must subtract, a„/; mgms. from p. 

Absolute Weighing. 

Absolute precision-weighing in the chemical 
laboratory hardly occurs otherwise than in this 
sense that we may have to determine the weight 
I of an object in terms of an arbitrary (but for 
j this occasion absolute) standard. For this wo 
; have two methods. 

I. The Metliod of Substitution. The object 
is placed in one pan jf tlio balance, and coun¬ 
terpoised exactly by some suitable tare placed 
in the other. We th' ii take off the object and 
put on standard weights until equilibrium is 
again established. If the method of vibration 
be used, the immediate result is the proof that 
the constant tare was balanced by ( 1 ) x grams 
of object plus 5 grams, and ( 2 ) by p + b^ grams 
of standards. Whence * = 2 ) -i- fig—5,. 

IL The Method of Beversion. After having 
brought the balance very nearly into equilibrium, 
we ascertain the number of grams which have 
to be placed in the opposite pan to exactly 
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' lialimeeihe'^j^tOnMmth the objoet «a &« 
left, and once nith the object on the right, side. 
Assnming, for greater generality, that the right 
pan was from the first too heavy by * grams, we 
Slave 

I. xC = fB"+ 5) I" by the first trial. 

II. (x + 5) by the second trial. 
Assuming for a moment that l' = l" (as we 
always may if x is small!, we obviously have 
2a; + S=y+y)" + 5; i^r » = i (p'+p"). 

We will now drop this assumption, but as¬ 
sume that S is BO small that the balance cannot 
distinguish between W and 51"; then we may 
write as 

I. {x-S)l'=p^r. 

II. {x + S)l"^p'l'. 

Whence, by multiplication, 

p'pf {x-S)(x + S) = 

XX X* 

It is always possible to make a guess at the 
maximum value which ^ could possibly have; 

X 

supposing S = ± 0-001 grm. and x (i.e. p' or p") =■ 
about 10 grms. S*-!-a:* = l-5-10* and can be neg¬ 
lected. In practice we take care not to allow S 
to assume a greater relati ve value, and compute 
by x^=p'p' or x=Vp'p', for which expression 
we may substitute ^ (p' +p"), if p' and p" differ 
by less than, say, p mgms. 

On Sets of Weights. 

A set of weights to bo fully on a par with a 
given balance must be so exactly adjusted that 
no combination of the several pieces which can 
ever occur is wrong by more than the inherent 
error ‘ e ’ (ti. supi-a) of the instrument. This 
means that chemical weights, to bo properly ad¬ 
justed, require a balance of a very high order. 
But even the most perfectly adjusted set is of 
no permanent value unless the substance that 
it is made of offers a sufficient guarantee for 
constancy of mass. Of all available materials, 
rock-crystal comes nearest perfection, but it is 
difficult to work and bring into a handy shape. 
Of metals, Mr. George Matthey’s ten per cent, 
iridio-platinum is the best; it is absolutely 
proof against oven acid fumes, and sufficiently 
hard to bo proof against abrasion by rc.-isonable 
usage. Next after it comes 'hard’ platinum 
(the slightly iridiferous metal of which crucibles 
are generally made); pure platinum is too soft. 
Brass, bronze, German silver, and other cheap 
metals are mere apologies for what ought to be 
used; yet those are used (in a sense unavoid¬ 
ably) for making the larger pieces in seta for 
every-day use. Gilding affords no protection 
against atmospheric influences, unless tho noble 
metal is laid on thickly; a good lacquer is better 
than the film of gold which is customarily put 
on by electrolysis. 

In constructing a set of chemical weights, 
we might choose our own unit, but whatever 
unit we might fix upon, any other mode of sub¬ 
division or multiplication than the decimal 
mode would bo absurd; and there is no reason 
why we should not adopt some legally fixed and 
universally obtainable unit as our unit. The 
gram is used by chemists all over tho world, 
almost to the exclusion of any other unit. 


01 Tcignts exact enongu toy atipr^eat 
purposes can be had in commerce, li'^oeyer 
may be the maker, a set of weights should not 
be used without having first been tested and 
found correct, at least in a relative sense. To 
show how the errors in a given sot can be deter¬ 
mined, let us assume for a while our set comprised 
only tho pieces (I)„, (1), (2), (2)„ (6), (10) grams, 
and adopt these bracketed numbers as symbols for 
the unknown true weights. As a unit for the 
errors to bo determined, wo will adopt the I mil¬ 
ligram as determined by a given rider of 10 mgm. 
weight; tho (1), shall servo as our provisional 
unit for tho values (1) (2) (10). To determine 

(1) we compare it with (1), by the method of 
substitution or reversal, and note down the dif. 
foronce between the two in terms of ‘ the milli¬ 
gram,’ as determined by the method of vibra¬ 
tion. We then compare (!)„ -I- (1) with (2); then 

(2) with (2)|, Ac., &c., to establish the following 
equations ; 

( 1 ) 

0 


:2 =(lL + (l)-kSr 

'2 . = (2) -eJV 


mgms. 


6) -=(2) -k(2),-Kl). + J,. „ 

Computed. 

,1) “(Ijo-t-®) • • . (l),-i-A| mgs, 

+ + ^ ’• 

2), = 2(l).-f5,-Hl,.e»', . 2x(lL-eA', „ 

(5 =6(l).425,-^2!,.^8',■^!,5x(4.^A, „ 

(10) =10x(l)„-r Ac. .10x(l)„ + A„„ 

To know what the values n x (1)„ really are 
in tenns of an adopted gram (say tho true 
gram) wo must compare one of the pieces, or 
a combination of some or all, directly with tho 
corresponding standard weight. Supposing this 
had been done with the 10 gram piece, and this 
piece had been found fe-eo of error, we have 
10 X (1), -r A„mg. = 10 g.(mcaning 10 true grams) 

.•.(l). = ^^j^JsEK'__l g.-Nmgs. 

and by substituting this value for (1), in the 
expressions n x (l)„-t A„ we obtain tho values of 
all tho six pieces in the form 

(N) = Hg.-f!cmgm.; 

but our ‘ mgm.’ is strictly speaking an arbitrary 
unit i wo have no right, lor instance, to say 

What tho true gram-value of tho rider is can 
only bo found by joining on to our gram set 
a set of deoi- and centi-grams comprising that, 
rider, and determining their values by establish¬ 
ing the equation; 

01) = (rider)-1-S„ 

•02) = (rider) -t (-01) -t 8j, &o. up to 
;i)o = (0-6) + (0-2) -t (0-2), -t (0-1) &o. 
and tljus finding out tHb value of the rider in 
terms of g. But in practice the rider as a 
rule docs not differ much from -Olg., and this 
part of the work is not necessary for the sake of 
the calculation of the errors, the less so as a 
great value in any of these would simply condemn 
that piece. 

The above method is always used when we 
test a set of weights with the view of seeing how 
it falls in with the rest of the sets in the labo¬ 
ratory, which in the aggregate form out set tot 





m 


mwftl pvpOMf; If is sOMat to Im used 
Ey iiael^ir, for instance^ we test a set froin 60 
gnns. down to 1 oentigr. with the view of using 
it for our analyses-^it is better not to refer to 
any external standard at all, but to an imaginary 
unit so chosen that the sum total of tlie errors 
becomes nil, ie., to choose as unit ^ of the 
actual weight of all the * 100 grams ’ which the 50 
gram set represents in toto. If one or more of 
the pieces come out with relatively largo errors, 
the unit is re-adjusted so that it suits only the 
good pieces, the errors are re-calculated, and 
the two rejected pieces cither replaced by now 
ones, or re-adjusted. According to tho writer’s 
experience, we must be satisfied if the errors of 
the individual pieces are brought down to values 
varying from very little to about ± 0*04 mgm. 

Reduction to the Vacuum. 

All weighings executed in air are liable to 
an obvious correction. Supposing an object 
occupying v c.c. is balanced in air by p grams 
of standards occupying v o.c.; if the balance 
were transferred to a vacuum, tho side of the 
greater v (in our case the object side) would 
become heavier than tho other by {v—vjS grms. 
where 5 is the weight of one c.c. of air at the 
time and place. As 7) is a close approximation 
to the true weight, the volume of tho object in 
0.0.S can be put down as p-r-B, that of the 
standards of course is p-i-B^, where s and Sg 
are the respective specific gravities which prac¬ 
tically need not bo reduced to water at 4^ The 
correction to be applied top is 



D =. 0-4C4G4,2^g^(mgm3.), 

where b is the height of the barometer in mm. 
reduced to 0°O., and t is tho temperature; the 
constant is calculated from Regnault’s weight 
of 1 litre of air of 0° and 700 mm. at Loudon. 

For and b= 7C0 mms., 5=!l’22015, 

which number, at stations where n is habitually 
near 7C0, if tho highest precision is not aimed 
at, may often be taken as holding for air gene¬ 
rally. 

Standard weights for absolute weighings (in 
true grams) ought to be adjusted for tho vacuum; 
hence, if the minor weights are of platinum and 
the larger ones of brass, the brass 1 grm. should 
appear lighter than its equivalent in platinum 
decigrams in air. But sets of this order bad 
better be made of one metal. 

For a Bories of relative weighings, the 
buoyancy of the weight-standards in air may bo 
neglected, because wo are at liberty to take as 
our unit the weight of tho 1 grm. piece in air of 
the average density prevailing during the progress 
of the experiments. That this unit is^strictly 
ipeaking variable is of no practical significance. 

The vacuum-correction for any single weigh¬ 
ing involved in an analysis amounts as a rule 
to more than wo should care to neglect; yet it 
may be neglected in most cases, because the 
weight to be determined is only one term of a 
ratio, whose otXcr term is faulty in the same 
sense. Suppose we have determined two 
’wedghte. Pi and p,, and wo want the correct value 
0 ^ the ratio of which Pt ; is only an 


approximassoti. U the reciprocals of the speoifio 
gravity are Sj”* and 8^** respectively! we have 


.ft (14- M,-) . 
ft (1 + Sft-') ’ 


or as a sufficient approximation 


»=^ (1 + 5,8,-'- 

Ih 


And if s, does not differ much from 82 (as 9. 
and 5^ are always nearly th.- same) tho bracketed 
factor may come close to unity although neither 
of the two terms could be neglected if it 
stood by itself. Hero, as everywhere in experi¬ 
mental science, tho golden rule is neither to 
strain at the gnat nor to swallow the camcL 


Weighing of Oases. 

For tho weighing of a gas, we have in general 
tiiree methods. 

(1) Tf the gas to bo weighed is a product 
formed in a reaction between solids or liquids, 
we may identify its weight with the loss of 
weight suffered by tho reagents during the 
reaction. 

(2) We may collect tho gas in a evacuated 
tared balloon, and weigh it liko anything else. 
In this case it is expedient to tare the fiask 
with another fiask of tho same displacement 
and nearly the same weight, so that only a few 
grams need be put on to establish equilibrium. 
(liognauU’s method). The vacuum-correction 
is then out of court. 

(3) We may measure the gas by volume at 
a known temperature, f, and pressure, p, and 
calculate the weight from the volume. 

If the gas to be weighed is a product of a re¬ 
action carried out quantitatively, one way of mea¬ 
suring it is to construct the apparatus so that 
the vessel in which tho reaction goes on and the 
gas-moasuror have a common atmosphere, and 
to measure the gas-volume as an increase in 
the total atmosphere of the a])|)aratu3 (gas- 
volumetric method), According to Regnault, 
1 lit. of oxygen at 0° and 700 mm. of mercury 
of 0®C., weiglis 1'42932 grams. Ilenco by an 
easy computation, based on Avogadro’s law, we 
have for the weiglit of 1 litre of a given speciea 
of gas of tho molecular weiglit m (0 = 16) 

D 0-032089 ^ grama 

where p means the dry pressure in mm. 

If the gas is moist, the vapour-pressure of 
steam at must bo deducted from tlie observed 
pressure to find the n of the formnia. The 
constant, strictly speaking, holds only for places 
whore gravity is the same as it is at 45'^ lati¬ 
tude, and sea-level. 

In Paris, \ London, j Berlin, \ QlasgoWy 
it must bi’ multiplied by 

1*000333, i 1*000583, | 1-000(>03, | 1*000956. . 


Indirect methods of Mass Measurement. 


I. Physical Jdethods. 

The nature of these is best explained by a 
general example. In a given aqueous solution 
of sulphuric acid, sugar, salt, drc., the 
specific gravity at the refractive index, the 
power of turning the plane of polarised light 
(if any), d;o., bear each a fixed relation to the 
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percentage ol anbsianoe (or the weight of 
BubBtaDoe per litre) in the solutioUt whii^ 
relation- is susceptible of translation into a 
formula *= / (physical property), or a corre- 
eponding curve, and by means of cither of tabu* 
lation. Hence, supposing the function to have 
been determined by standard experiments, i) in 
a given case can be calculated (virtually or 
actually) from the value of the respective 
physical property. , In practice wo must of 
course try to establish conditions under which 
the change in the specific gravity, &c., Ac., 
corresponding to the passing from p to, say, 
(1*01) p, assumes a sntlicicnlly great value. 

The popular method for determining the 
etrength of aqueous oil of vitriol, d:c., by means 
of a hydrometer may be referred to as an 
example. The customary method of deducing 
the percentage of sugar in a syrup from the 
angle through which a column of given length 
turns the piano of polarised light is another. 

II. Chemical Methods. 

These, being all founded upon our knowledge 
of the quantitative laws of certain reactions, are 
methods for the indirect weighing of radicles 
rather than of substances. fScientifically one 
might arrange them according to llicir degree 
of directness. If we do so, the following two 
claim precedence before any of the rest. 

(1.) The direct gravimetric method. An un¬ 
known weight of this or that radicle is deter¬ 
mined by separating it out exhaustively, by itself 
or as part of a compound of known composition, 
and weighing the product either directly on the 
balance, or perhaps indirectly by gasometric 
measurement. 

(2.) The method of titration. An unknown 
weight of radicle is deduced from the quantity 
of reagent necessary and sufHcient to cause it to 
undergo a certain definite change of combination; 
the quantity of reagent being ascertained sya- 
thetically, i.e. by direct trial. 

These two methods we will designate as 
•direct’ methods in opposition to the following , 
• indirect ’ methods. , 

(3.) The method of suhatitution. Instead of 
determining a radicle a, we substitute for it an 
equivalent of some other radicle (or substance) 
b' ; w'e determine i;' by metliod I. or II., and from 
it calculate it. Thus, to detcrniiiie an unknown 
weight of free chlorine, x Cl.^mgms., we substitute 
trl^mgms. by means of the reaction Cl^ »■ 2KIAq *= 
2KClAq + LAq, and determine tlie iodine. In 
some cases wo effect a series of substitutions 
(b’ for n; n" for n'; n'" for it", Ac.), and deter- 
mine only the ultimate substitute. Thus, to deter¬ 
mine X CrOj, we substitute jirst x x 3C1, then for 
this wc substitute x x 31, and by ascertaining the 
value a: X 31 wo find x x CrOj. 

(4.) The residue^melhod. The body contain¬ 
ing the radicle is subjected to a definite chemical 
change by means of a known (excessive) w'eight 
of reagent, and the excess of reagent left is 
determined. 

(5.) Methods founded uj^on the numerical 
difference between formula-values :—We pass at 
once to examples:— 

(a.) To analyse a mixture of the compounds 
dgCi and AgBr, we expose a known weight to 
the action of dry ohlorine until ^11 the AgBr has 


become AgCl, and determine the decrease oi 
weight involved. From the obvious equation of 
the reaction, we see that every Br-Cl gram of 
loss of weight corresponds to Br grams of bromine, 
or AgBr grams of bromide of silver. 

(b.) To determine the weight of real sul¬ 
phuric acid contained in a given quantity of an 
aqueous acid, we evaporate with a known (ex¬ 
cessive) weight of anhydrous carbonate of soda, 
and w'oigh tho residue (Thorpe). As 
a; NaXOa + NaXO, + H,SO,» 

CO.j f- H-P + NapO^ -I icNaXO^, every (SOg—CO..,) 
grams of increase of weight indicate SOg grams 
of sulphur trioxido. 

(c.) To analyse a mixture of the sulphates of 
sodium and lithium; take p grams of the 
mixture, ppt. all its sulphuric acid with barium 
chloride, and weigh the barium sulphate. 

1 grm. of tho sodium salt gives BaSO^ 

; Na,H 04 “ * 

1 grm. of the lithium salt gives BaSO, _ j - 
Li,SO, ’ ® 

of barium sulphate. Hence if c grms of pp. 
were obtained wo have (from x grms of sodium 
sulphate, and y of lithium sulphate) 
xxs + yxl=sc 
x + y^p. 

\ Whence x and y are easily calculated. 

I Many other examples miglit be quoted, 
j Wc will now pass to 

The Operations involved in quantitative 
determinations by chemical methods. But 
first let us say a few wor<ls about a necessary 
preliminary to any quantitative analysis, namely, 
the preparation of the sample. This problem 
assumes perhaps its most (lilljcult form if tho 
thing to be analysed is «a large mass of im¬ 
perfectly homogeneous matter, say, a cargo of 
copper ore. In this case tho analysis must of 
course be preceded by tho pre])!i ration of a 
sample, which, although it may amount to only 
a few pounds, yet can be assiiniod with a sufil- 
cient degree of probability to liuve the composi- 
I tioij of the whole lieap. And supposing even a 
homogeneous sample to Lave been prepared for 
tho analyst, a mere assay (of the copper in our 
case) would be of no use unless accompanied by 
determinations of the moisture in, a the ore as it 
lies, and b the small ultimate sample wliieh goes 
to the balance. An impure siiecimen of a named 
chemical species to bo rendered fit for tho 
' analysis of the species must first be purified, 
unless wo prefer to determine the impurities, 
and allow for them in the calculation. 

I In now passing to our subject, wo will give 
tho first place to tho operations involved in 
those 

I. Assays by igneou^ operationst 
which are so extensively employed in practical 
metallurgy. These, however, arc quite a speciality 
i w'hich is almost entirely confined to metallurgical 
' laboratories. Sulfico it, therefore, to say that 
! these assayst as the name indicates, are, at least 
by original intention, processes of mctal-smolting 
carried out tentatively on a small scale. The 
metal is separated out as a rogulus cither of the 
metal itself or of some definite arsenide, and in 
' either form is weighed directly on the balance* 
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n. Quantiiativi $»pulsion of volatile 
components by exposure of the 
substance to regulated tempera¬ 
tures. 

Under this heading fall most of our methods 
for the determination of water, given in com¬ 
bination with lum-volatile residues. Water thus 
combined, can, as a rule, be driven out with or 
without the help of a dry atmosplinrc, by pro¬ 
longed exposure of the substance to a suitable 
temperature, and, if other changes are known 
not to take place, tho weight of the water ex¬ 
pelled is the loss of weight involved in the drying 
process. 

If tho residue, while giving up its water, lakes 
up oxygen or suiters some other change involv¬ 
ing change of weight, tho water must be expelled 
in an apparatus so constructed that the steam 
can be purihed (if necessary) and collected with¬ 
out loss by absorption in a wciglied (J'tube 
filled with chloride of calcium, or pumice 
moistened with sulphuric acid, and determined 
as an increase of weight of the absorption 
apparatus. We have no means of discriminating 
experimentally between water present as siudi 
(moisture) and water present in chemical com¬ 
bination ;' nor can wo discriminate analytically 
between tho dilforent states of combination 
which we distinguish in our formuhe. All the 
analyst can do (after removal of what there 
may be of palpably free water by meoiianical 
means) is to try, successively, exposure to (1) 
ordinary ‘ dry ’ air; (2) artificially dried air, or a 
dry vacuum; (3) a graduated series of liigher 
temperatures, such us 100®, 120®, 150®, 200^, in 
a hot air chamber; (4) a red or perhaps a white 
heat; and to report tho several losses of weight, 
taking care of course to apply eacli temperature 
again and again, until the weight of the residue 
(or of tho calcium chloride tube) lias become 
constant. 

Prom hydrates undecomposable by mere 
heating, the water must be expelled by suitable 
reagents. Basic hydrates, libe caustic potash, 
can be dehydrated (quantitatively) by fusitni with 
excess of anhydrous bichromate of potash; 
many hydrated acids, by evaporation of their 
solutions witli a known excessive weiglitof oxide 
of lead, anil weighing the dried residue. Tho 
writer directs attention to tho applicability of 
tri-sodio phosphate as a wcighablo form of Na^O 
for the latter purpose. 

IIL Combustions in glass tubes, v. 

Analysis, Oiioanic. 

IV. Carius' general method of ultimate 

organic analysis, v. Analysis, OituANic. 

V. Qas evolutions. 

We here refer to a class of metbods*in which 
the thing to bo determined is measured by the 
weight of a gas evolved in a wet-way reaction 
of the substance to bo analysed. The gas 
evolved is weighed as loss, or after absorption 

* According tlie current notions on dissociation, a 
onrreut of (origliialiy dry) air which has passed over a 
sufflcleut oolumu of partl^iy dehydrated sal^ should take 
away the free water from a givenspcclniou of moist salt of 
the same kind at the same temperature. Hence on obviuun 
(tbeorvtiool) method tot recognislngfree water as such. 


by a suitable absorbent, or Is measured (and 
thasindirectly weighed) gasometrical]y(v.5«^a). 

VI. Electrolysis, 

Solutions of many heavy metallic salts, when 
subjected to a galvanic current under suitable 
conditions, arc fully decomposed, in the sense 
that all tho metal separates out as such on the 
negative electrode. By properly regulating the 
strengtli of the current and the composition of 
the liquid, it is possible, in many cases, to 
cause the whole of tho metallic pp. to assume 
the form of a coherent, truly metallic, deposit, 
so that, if a platinum electrode bo used, the 
metal can be determined as an increase of weight 
of the latter. The method, however, is not as 
easy as it is obvious; and is in g(;noral use only 
for two metals, namely cop))er (Luckow’s 
method), and nickel. Classen' hag tried, not 
without success, to extend tho method to many 
other heavy metals; but bis processes have 
failed so far to become popular. 

VII. Gravimetric Precipitation. 

Our heading refers to the very large number 
of cases in which we determine a component of 
a solution by separating it out in an insoluble 
form, and weighing tho pp. or converting it into 
another body and weighing that. With the pre¬ 
liminary separations tliat may be necessary we 
can have nothing to do here; we assume that the 
ppn. has l)ceri effected exhaustively, and that 
the pp. is (in the sense of the method) free from 
foreign eompononts. In this case the next thing 
to be done of course is to separate the pp. com¬ 
pletely from tho mother-liquor. In some cases 
(for instance in tho case of the haloid salts of 
silver, and of metallic gold ppd. by ferrous salt) 
this can be done by decantation; but as a rule 
it is necessary to resort to filtration. Bor this 
operation tlio first requisito is a good funnel, 
and good fiUer-paix;r. The funnel should be a 
smooth cone of exactly GO® aperture, so that a 
filter folded in quarto fits it exactly. The best 
filter-paper for general purposes is tliat Swedish 
paper known as Muiitkell’s; only it filters some- 
wliat slowly, and in many cases, therefore, papers 
of looser texture are preferable. Filters, which, 
having been washed with hydroiliioric and 
hydrochloric acids, leave almost no ash on in¬ 
cineration. In conducting a filtration, the 
following rules should be observed ; 

1. Before starting tho filtration, allow the 
pp. to settle completely; then decant off the 
liquor on to the filter, allowing as little of the 
pp. as possible to go on to the paper.-2. The 
same rule holds for the first stages of the wash¬ 
ing process; the bulk of the pp. should go on to 
tho filter only after almost all tho dissolved 
matter has been wasaod away.—3. TIic wash- 
liquor should be employed in small instalments, 
and each instalment be allowed to drain off, 
before the next one comes on.—-1. Tho washing 
must be continued until the purity of the last 
runnings is proved by direct testing. No calcu¬ 
lation of tho attenuation reached can be relied 
on implicitly, although it is valuable for pre- 
Liminary guidance, and may be the only method 

’ Claasen : (iuantUaiioe Analm durcA EUclrolyst. f3ad 
•1 Berlin, 18d6.J 
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oldselx; it thordd be 8mftll«t than the fumiel, 
aod not much larger than is necessary for tbe 
convenient socommodation of the pp. 

Many pps. run through the paper as soon 
as the wash-water becomes nearly pure; bi¬ 
sulphide of tin exhibits tiiis property in ii marhed 
degree. Addition of some suitable salt (sal-anio 
moniac, acetate of ammonia, (&c.) to the wash- 
water often helps one over this dilliculty. 

In the case of slimy or gelatinous pps. 
{e.g. hydroxides of silicon, ajuminium, and chro¬ 
mium) Bunsen’s method of quick filtration is 
employed. It consists in this, that the funnel 
is made to communicate, by its stem, with a 
vessel in which a partial vacuum of adequate 
strength is maintained by means of an aspi¬ 
rator (a Sprengel pump wrought with water, 
or equivalent arrangement). To protect the 
filter from being torn by tho pressure of the 
atmosphere, its open end is supported by a small 
cone of platinum foil, resting on the bottom of 
tho funnel. In regard to tho operations subse¬ 
quent to filtration and washing, pps. may bo 
classified as follows:— 

A. Sucliasstandcalcinationinaplati¬ 
num or porcelain crucible, and wlien tlius treated 
assume a definite composition. In this case the 
general modus opemndi is as follows : tlie pp. is 
dried in the funnel; it is then detached as com¬ 
pletely as possible from the paper, and put into 
tbe tared crucible. The filter, with adhering | 
particles of pp. is folded up into a narrow strip, j 
and this is rolled up tightly into a parcel, so | 
that the part stained with the pp. is in the core. 1 
A platinum wire is then wound round two or j 
three times, and the parcel is kindled in a gas ' 
flame and allowed to burn, tho surplus wire 
serving as a Imndlo. After tho combustion has 
gone as far as it will spontaneously, the residual 
cliarcoal is burned away by applying the outer 
portion of the fiamo of a Bunsen. Tbe ash is 
dropped into the crucible and calcined along 
with the pp. In some cases, as for instance in 
that of alumiiia, it is better not to detach tho 
|)p. from the filter, but simply to fold up the pp. 
in the filter, and heat the whole in a platinum 
crucible. Any deposit of charcoal formed on 
the lid or crucible sides is easily removed by 
heating the respective part while a shield of 
platinum foil is stretched over tho deposit. Tiio 
charcoal vanijhcs almost instantaneously. The 
weight of the filter-ash must of course bo ascer¬ 
tained by a blank experiment, and allowed for. 
The correction (ca'teris paribus) is proportional 
to the superficial urea of the filter; i.e. ash- 
weight = cr\ where c is a constant which can bo 
determined once for all. 

It is to be observed, however, that even with 
the same filter-paper, c depends on the nature 
of the liquid which passed through the filter. 
It is less for dilute mineral acid, for instance, 
than for pure water, or salt solutions followed ; 
by water. 

B. Precipitates which do not stand 
calcination; but assume a definite composi¬ 
tion when dried at a suitable lower temperature, 
say at 100*’ or 120'^C. Such pps. arc collected 
on filters (previously dried at the respective 
temperatures) and weighed in tho filters. As 
filter-paper is hygroscopic, the empty filter, and 


p|)., ]nQst wished between • 
couple of olo^y fitting watoh-glasse# held 
together by a'suitable clip. 

0. Precipitates which demand some 
supplementary chemical treatment to 
become fit for the balance. In regard to 
these it is difficult to make general statements; 
suffice it to say that certain metallic sulphides 
assume a definite composition when strongly 
heated (repeatedly, and until constant in weight) 
with sulphur in hydrogen gas. Tho sulphides 
of copper, manganese, zino, lead, may be quoted 
as examples. The resulting definite sulphides 
arc Cu^S, MnS, ZnS, PbS, respectively. 

OiS ANALV3I9. 

A large supply of homogeneous gas may be 
dealt with, analytically, in a variety of ways. 
With a small gas-sample given for analysis only 
one mode of treatment could bo—or at any rate 
ever is —thought of. We must collect our gas 
over mercury, or some other suitable liquid, and 
learn what we can concerning it by applying 
physical or chemical reactions, involviogchanges 
of gas-volume; we must measure the gas volumes 
involved as the only practicable mode of defining 
the respective masses. 

Principles of volumetric gasometry. To 
measure a given quantity of gas means to deter¬ 
mine its volume, v, and its pressure, p, at a 
definite temperature, (. In any fluid body of 
known nature the three quantities conjointly 
define tho mass; yet the method is confined 
to gases, because in these only is the evidence 
afforded by tho three numbers condensible into 
one numerical statement by more calculation. 

Practical gasometry knows of no pressure 
greater than two atmospheres (indeed pressures 
! above one atmosphere are exceptional); and of 
: no temperature below 0°C. 

I Within this range of conditions tho law of 
: interdependence between volume, temperature, 

! and pressure, in all gases is in approximate 
I accordance—in tho so-called permanent gases 
it is in perfect accordance—with tho equation 

VP 

.W 

where t may be defiiiod as t =» 273 + t. Q is a con¬ 
stant which depends only on tho nature of the 
gas and its mass, and conscfiuontly, in reference 
to any named species, measures tho quantity. 

Condcnsihle gases and vajjours dovialo from 
the law embodied ineq. (X) to a greater or less 
extent, but always in this sense that the true 
relations are expressible by an equation of the 
form 

+ .( 2 ) 

where f is an inlierently positive number 
wliich i| a function of t and p, to the 
effect that, for any given species, « is the 
loss tho further tlie pressure and temperature 
remove the gas from the state of saturated vapour, 
Gasometricaily speaking € is mainly a function 
of temperature which runs pretty much like 

« = consfi— ; not by any means /exactly so, but 

we are safe in saying iliat for every gas-spooies 
there is a certain temperature Tq above which 
this species is, as the phrase goes, a 'perfeat 






gu, lu ■! lean mil lenfe Uiat • to Isii than 
the tmaToidable error invotyed in the experi¬ 
mental determination of PT-^T by the customary 
instruments. In this sense our equation (1) is 
true for all kinds of gas or vapour without 
exception. 

The constant q is obviously susceptible of 
a number of definitions. One definition is to 
call it the volume which the gas assumes when 
T >= 1° and p = 1 (say 1mm.), or rather the volume 
which the gas would assume if it were a perfect 
gas down to t=» 1 or {=—272°. To eliminate 
this fiction, let ns view V as a function, not of p 

T 

and T, but of -, thus: 



and, taking ‘ disgregation' as a name for this 
ratio I: p, define q as that volume which the 
gas assumes whenever the disgregation is unity 
through p being equal to i numerically. If, for 
instance, 

T = l° 273° 873° 600°C.*o. 

then p=l 273 373 500 mm. Ac. 

lu this manner it is always easy to find for q a 
real significance, q, however, has two denomina¬ 
tions. Obviously 

T 

P = q- 

hcnco Q may be called the particular pressure 
^yhich the gas assumes whenever t = v; i.e. for 
T = and V = 1 unit; T « 500° and v « 500, &c. 

For the purely comparative measurement of 
two or more gas quantities, only one of the throe 
variables need actually be measured. 

Assuming the qs for the gases i, n, ni.i.to 
bo q' q" q'", (tc.^we may (1) keep t and p at 
constant (though perhaps unknown) values 
and measure the volumes 

V v" v'" &c. which are 

q'i q"t q^^T 

--- 

p r p 

Tiie constant factor disappears in the ratios. 


This used to be, at least by intention, the method 
of comparative gusometry. 

(2) We may keep T and v constant and 
measure the pressures p' p" p'" which are 



and consequently again measure the qs (Bog* 
nauU's method). 

(3) Wo may allow t and p to vary, but keep 
their ratio, the disgregation^ constant, and mea¬ 
sure the volumes, i.e. substitute for the qs 

T 

(q' q" q'"...) X a constant- 
(Doyfere’s method). 

But Q has an important chemical stgnilicance. 
A glance at eq. (1) shows that ithe specific 
gravity of a gas, moaning the number of times 
its weight is greater than that of the same 
volume of some standard gas of the same dis* 
gregation, is independent of t and p. As stated 
by Avogadro, and since proved by numerous 
experiments, we have for any set of gas-species 
= . 

or quite generally 

s»oonst.M . . • « . (») 

where u is the mol. weight. 


Hence enpposing, »t a given filsgregstion 
unit volume of etanaud gas weighs a units, thei 
nait vol. of another gas of the mol. w., u 

weighs H —, where M, refers to the standard gas 

Mp 

Hence unit-volume of any gas, if measured at thai 

disgregatiqn, contains — x m units of weight oi 
^(1 

its substance; henco equal volumes of any twe 
gases, if measured at the same disgregation. 
contain the same number of molecules, where 
‘ molecule' fnay have the usual meaning given 
to this term. Hence our constant q, or any of its 
substitutes as given above under (1) (2) and (3), 
in a relative sense counts the molecules of the 
respective gas. 

Fq. (1) tells us nothing about the relation 
between the volume v of a gas-mixluro, and the 
volumes v' v"v"'.,.ot its components; but %ve 
know,by directexperience, that v^v' + v" + u'"...;* 
hence Avogadro’s law holds for mixed as well as 
for homogeneous gases; and, independently of 
it, we have 

g' + q"+S'"...^Q .( 4 ) 

and at any constant value of 
V-M 

p'-^p"+y"...=p.(5) 

(where the small letters refer to the components 
and the largo ones to the mixture). And so 
quite generally 

2:q«u:v=j>:p= (number of mols.intho 
component): (number of mols. in the mix¬ 
ture) .(6) 


Hence our customary mode of stating the com¬ 
position of a gas-mixture is susceptible of three 
readings. Instead of saying (1) 100 volumes of 
air contain 21 vol. of oxygen and 79 of nitrogen; 
we may say (2) the partial pressure of the oxy¬ 
gen is 21 p.c. and that of the nitrogen 79 p.c. of 
the total pressure of the air; or (3) every n x 100 
mols. of air contain n x 21 mols. of oxygen and 
n X 79 of nitrogen. 

In the more easily condensible gases, the 
number t (which might be called the measure of 
gaseous imperfection) assumes appreciable values 
at the ordinary temperature; yet in the ordinary 
practice of gas analysis even these gases are 
customarily being measured at, or near, the 
temperature of the laboratory. To give an idea 
of the possible value of the error thus neglected 
wo will take up the case of carbonic acid, 
which, of ordinarily occurring gases, is perhaps 
the most imperfect. 

According to Amagat, carbonic acid,from 0°O. 
upwards, expands at a greater rate than air, up 
to about 200°, whence onward it behaves like a 


perfect gas in r^fv .ence to expansion caused by 
clianges of tompo>'aturo or pressure. At 760° 
mm. its expansion from 0° to 200° is in the ratio * 
of 1: 1*740()5. Hcnco supposing we find for a 
quantity of carbonic acid for 273 and 
r=:7()0, we have for the constant q;— 

(1) By the ordinary routine mode of oaloula* 

. .V /,v , Uox7C0. 

tion, ».e.hy eq. (1); q * - gyjj “ * 


* It la worth while to note that thU aU-lmporta&t piO» 
poMtIoa has never been looked into in the Begnsoit* 
laaliion. 

* Galcalated by the writer from the ooefRdents of 
pansion statad by Aouget for 50°, 100°, lSQ°,ani] 200°. 
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(9) For the true q j 

„ _t.,x 1-74068 x 760 
273 

Whence q,, = 1-0046 g’; or in the sense ol our 
equation (2), for i = 273 and p = 760 mm. 

A Q,(1 + e); and e - 0 0016. . (7) 

This number, or say 0'005, might perhaps 
be put down as the maximum value which « 
may assume in the customary mode of measur¬ 
ing gases proper, were it not J^r the following 
consideration. As a rule the gas to be measured 
is contaminated with vapour of water, and it is 
the Q of the dry gas that is wanted. One mode 
of obtaining it is to remove the water by chemical 
absorbents and to measure the dry gas; but 
this is a tedious process; honce we prefer, in 
practice, to saturule the gas completely with 
water, to measure it in this condition, and, before 
calculating by etp (1), to correct tlie observed pres¬ 
sure by deducting the maximum steam-pressure 
at the respective temperature, as determined 
by Magnus and by IteguauU for the vacuum, as¬ 
suming the corrected value r„-p—IT to represent 
the pressure which the gas w'ould exhibit at the 
same vol. and temperature if it were dry. As 
shown by llcgnault, this is not quite exactly 
the case, yet if v is small, i.e. if the temperature 
is loWy the error may be neglected. A low tem¬ 
perature, it is true, means a relatively great e, 
but v certainly, and the eiTor in ir probably, 
increases {with t) much faster than < decreases. 

Both the authorities named give their its in 
terms of the pressure of a column of mercury of 
0°C. whoso height equals 1 mm. Hence to bo 
able to use their numbers directly we must pro¬ 
vide our eudiometers and barometer with true 
mm.-scalcs. And we ought to reduce all mercury 
columns (measured as pressures) to 0“’C. This, 
however, is necessary only in the case of abso¬ 
lute measurements, i.e. if we measure a gas as a 
step towards calculating its weight; for relative 
measurements we may choose our units for v, t, 
and p, at pleasure,' hence the absolute magni¬ 
tude of our ‘ mm. ’ is of no consequence. Kor is 
it necessary to reduce the w to what our mm. is 
at the respective temperature, because the cor¬ 
rection is practically irrelevant. 

Gases like hydrochloric acid, ammonia, 
sulphur dioxide, Ac., must bo measured dry— 
for an obvious reason. 

Gas-Analysis, (a) Proximate. For the 
proximate analysis of a gas-mixture we have 
only one direct method. After liaving measured 
off a convenient sample, we withdraw the several 
components (singly or in groups), by the succes¬ 
sive application of appropriate chemical absor¬ 
bents, as pressurelcss solids ^or liquids, and, 
after each absorption, we measure the gas-residuc 
left. Supposing the sample measures v units at 
T and p, and the same, minus component i, mca- 
Bures v' units at t' and p'; we have for the sample 

0 *» H ,for the residue q'«-v 1 hence for the 

T T 

percentage of i; a;=s—x 100. 

Q 

To show the x.»ossibilitic3 of the method, we 

* J.e. we may, if we choose, measuro our /s with a 
Pahrenbelt thermometer and take t us )«iDg 
(in T. degrees). 


enumerate the most important reagents and 
state the powers of each as an absorbent. 

(11 Water (as such or as Na-^SO^IOH^O) 
absorbs HCl, HBr, HI, very promptly. 

( 2 ) Solid nat camtic potash absorbs vratei 
very completely; acid gases generally more or 
less slowly. 

(3) Solid MOIST caustic potash absorbs all 
acid gases (CO;,, SO^, IIB, HCl, Ac.) very 
readily. 

(4) Caustic potash solution acts like (3) 
and ( 1 ). 

(5) Dilute sulphuric acid absorbs all alka¬ 
line gases (NII 3 , CiljNHj Ac.); besides acting as 
water. 

(G) Oil of vitriol (11.80^ + t^TLO) absorbs (a) 
water, alcohol, ether, methyl-oxide, very readily; 
(b) propylene and higher homologucs, with a 
fair degree of promptitude. is absorbed 

only on long-continued shaking (Bertholot). 

(7) Sulphuric anhydride in ILSO., absorbs 
C.H 4 in addition to tlie gases named in (G). 

( 8 ) Bromine fover water in dillusod daylight) 
acts pretty much like (7); the excess of Br 
vapours left is removed by means of KHOAq. 

(9) Pyrogallic acid in caustic potash ley 
absorbs oxygen abundantly and promptly 
(Liebig), besides acting liko (-4). 

(10) Cuprous chloidc in hydrochloric acid 
absorbs oxygen; alsoCO, C^IL, Cjll, (Bortholet). 
— Spoils the mercury. 

(11) Same reagent in aqueous ammonia acts 
like ( 10 ), and besides absorbs certain other gases, 

i e.g. all the olefines (Bertlielot). 
i (12) Ferrous sulphate in concentrated solu- 
1 tion absorbs nitric oxide; but hardly in the cho- 
’ mical sense, as the compound has a measurable 
I dissociation-pressure.' • 

! (13) Binoxide of mangancsct as compressed 

: powder, is used by Bunsen for absorbing H.j 8 
i and SO..—Solution of CrOj or of KMn 04 acts 
similarly and more promptly. 

(14) Chrcmious stdphate in NH^ and NJ{^Cl 
solution absorbs 0 ,NO,C^H,j,C;,ir^, but does not 
act on CO, C.jH„ or CaHa (Berthclot). 

That all gas mixtures cannot be analysed 
by means of these 14 reagents is obvious. Un¬ 
fortunately they are all group-reagents, and a 
group when once absorbed is not susceptible 
(practically) of further gasonietric analysis. One 
or otlicr of the absorbed components may bo 
determinable otherwise—thus for instance H ^8 
(absorbed in KlIO) by titration with iodine— 
but these are rare exceptions. For the analysis 
of a gas-mixturo which, with regard to chemical 
absorbents, behaves as a wliole, only two 
methods are at our disposal; one is to determine 
the ultimate composition of the gas (if possible), 
and from the results to try and arrive at the 
proximate composition; the other is to exa¬ 
mine the gb-a by means of physical absorbents. 
But to obtain definite results witli these we must 
'ollow the lead of Bunsen, and both contrive 
their application and interpret the results, in 
the light of the laws of gas-absor 2 >tion. 

Anal-jfsis hy physical abs<^rbents. 

Imagine v volumes of a mixture of the 
unitary gases I., II., III., . . . to be shut up 

’ NO is sbsorbiible alao by the oonjolat action of 0 luri 
XHO solntloi^ as KNO. and KNO.. 
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k a close vossel over h volumes of water or 
alcohol, an impervious diaphragm separating the 
two. As soon as the diaphragm is removed, the 
gas and liquid exchange molecules, and this goes 
on for ever; but if a constant temperature t is 
xpaintained, a point is reached, sooner or later, 
at which tho changes of composition, exactly 
compensate each other, so that matters are tho 
same as if tho exchange had come to a stop. 
This point of dynamical equilibrium is reached 
almost instantaneously on violent shaking. The 
final result is that the gas-space v is saturated 
with the vapour of tho liquid, while a quantity q 
of each of tlie components of tho gas is hold in 
solution by tho h volumes of liquid. This quan< 
tity qat a given temperature is in (more or loss ! 
exact) accordance with tho equation— 

ga/ijair.(8) 

where jt means tho partial pressure of the respec¬ 
tive component iu tho residue, and /3 is a con¬ 
stant, which may be defined as being tho value 
which q assumes when h-X andir1 mm .q and 
i8 are, of course, of tho same denomination; if q 
means mgms., 3 means mgms. likewise. But 
we will assume q to bo measured by volume at 
0® C. (or T - C.) and p = l mm., and on tho 

basis of this assumption (with Bunsen) coll jS 
the ‘ co-elliciont of absorption.’ 

Our equation has boon tested experimentally 
only with water and, in a more limited sense, 
alcohol, as a solvent; and in reference to eitlior, 
it may bo assumed to hold, at pressures up to 
about 1 atm., and temperatures from 0° to 
about C., for all gases which, under tho 
circumstances, do not act chemically on, or 
dissolve very abundantly in, tho respective 
liquid. With a mven gas-species, /3, in general, 
increases when ihe tomperature falls, or when 
alcohol is substituted for water. It has, in 
general, different values for different species of 
gas. Hence we at once see our way towards 
distinguishing a unitary gas from a mixture. 
Take, for instance, the caso of marsh-gas CH, 
as against a niixturo of equal volumes of II. 
and C.^H,, -CIl 4 per 1 volume. With alcohol as 
an absorbent, the $ of is far greater than 
that for il^. Hence, if the mixture ho dissolved 
partially by alcohol, the residue will contain less 
carbon per unit volume than ^0^; and similarly 
in similar cases. 

Tho relation between the composition of the 
mixture operated upon and that of the un- 
absorbed residue is easily formulated. Let m’, 
&c., stand for the quantities of the several 
components present in unit volume of the 
original gas, and let n\ &c., have a similar 
meaning in reference to the residue; let p stand 
lor the (dry) pressure of tho original gas, and 
p for that of the residue, then we have for any 
one of the components q = h^(pn) ;«and for the 
tmabsorbed part of that component 

‘•{npY'v,", 

and 2+r=j»i(t)„+67i); but g + r=mtij, hence 
Tinu„=pn(V 0 + 0 h), which enables us^o calculate 
the ‘n’ o{.a named component from its‘nt.’ 
For further developments wo refer to Dittmar's 
' Exercises in Quantitative Analysis,’ section on 
gas analysis (Glasgow, W. Hodge & Co.). With¬ 
out mathematios it is clear that th(, quantity, A, 


of total gas absorbed, redueed top-1 and A-1, 
is 

hp 

In the case of a unitary species X is the co> 
efficient of absorption^ and is consequently con¬ 
stant, while, in the case of a mixture it varies 
(in general) with h:v, i.e. with varying quantities 
of water for the same quantity of gas started 
with. Hence an obvious second method for 
testing a gas for chemical ojicncss. 

Of general methods of gas analysis, only 
one remains to bo considered. We refer to 
the 

Method of Comhnstion.—k method of 
ultimate analysis wluch presumes that the 
gas to be analysed is in, or by addition of 
hydrogen or of oxygen or of eitiicr plus ful¬ 
minating gas,' can be brought into, such a 
condition, that tho mixture, when Ured with 
an electric spark is resolved entirely into (in 
general) carbonic acid, nitrogen, and water, and 
excess of either hydrogen or oxygen as the case 
may bo. The method consists in this that a 
measured volume of tho given gas is exploded, 
and the gas quantities involved aro measured as 
far as necessary to enable one to calculate the 
elementary composition of tho gas under opera¬ 
tion, the results being regarded customarily in 
volumes (reduced to some tacitly assumed con¬ 
stant disgregatioii) of tho respective elementary 
substances. For uniformity’s sake this system 
is extended even to the carbon, one volume of 
carbon being used as a phrase for the quan¬ 
tity of carbon contained in two volumes of car¬ 
bonic anhydride. This mode of reporting comes 
to the same as stating tlie quantities of hydro¬ 
gen, oxygen, Ac., as multiples of the molecular 
weights and of tho double atom 0* 

of carbon. In the sequel wo sometimes uso 
H-2,0.^, Nj, CO^, CO, as symbols for * 1 volume.’ 
When in a calculation wo have to refer to a 
certain (reduced) volume of carbonic acid wo 
designate it by tho letter k ; in a similar sense 
s refers to oxygen; w to water vapour; fi to 
nitrogen (* n ’ is reserved for the atom); o to 
contraction. Tho following examples explain 
tho method: 

I. Tho gas is a mixture of hydrogen and 
hydrocarbons; i.e. 1 vol. =« ttC;.,i8fL. We deter¬ 
mine tho following gas-quantitics; 

0) The volumo of the sample, as . v 
1) „ „ plus 

added oxygen, as . . » 

And after firing 

(2) The volumo of tiio total product 

measured cold, as . . v, 

(3) The volume of tho residue left after 

removal of the carbonic anhy¬ 
dride, as . . . . v. 

The quantity of carbonic anhydride produced 
in the combustion is v„ whence 



The hydrogen is calculated from the * con* 
traction' meaning the difference *g*=*V|— 
thus: V, s V + 8, where s stands for the added 
oxygen. 

Vj s» K -f oxygon left unburnt, which is s— k— 

* The mixture Ht-i-tO, obtained ta the eleotrolyale ol 

water. 



BOO 




where nieaio tiie oxygen wWsh eoavetttd the 
bjtlrogon into water, fifenoe o-Vi —▼»“ 
r + 8 — [K + (s — K — a:)] or o •» t+*; nenoe 

(■o-T, and 

T 

The svim a + j5 is, of course, always greater 
than unity unless o=0. 

We will assume now 

II. That the gas contains (in the v units 
taken for analysis) z volumes of free oxygon 
and y volumes of free nitrogen beside v^ of 
hydrocarbons; both z and y *being unknown. 
Here we at once see that the measurements of 
v„v.j, v„do not enable us to calculate z or y. 
But we cannot even calculate the volume a: of 
oxygen which combined with the hydrogen in the 
combustion; because from case I. we see that 
a: ” c - v„, and v, is unknown. Nor does a direct 
determination of the oxygon-residue s, in Vj help 
us, because s, is a function of c, independent of 
a and ». We have, in fact:— 

s, = s-f s-a!-K; 
o=^y-{ z + y)+x-, 

s,+a=H-K + y-y, 


ws had hatter at onae oalonlate idle proxiiuata 
components (Ni, N,Oi 0, dko.) directly from the 
data of the combustion. , . j 

rV. Lot us now see how far the method ol 
combustion goes as an indirect method of proxi¬ 
mate analysis. Let us assume that we have to 
deal with a gas of the nature pre-supposed in 
case III., and that the quantities, k, o, w, 
have been determined, and none of them found 
wO. We also assume that wo know the formulas 

of all the several species I., 11.,.. which can 

possibly bo present. To find the quantities of 
those contained in unit-quantity of the given 

gas {*' for I.; x!' for II.) wo might begin 

by calculating the elementary composition of our 
gas, i.e. th-j coellicients in the average formula 
a 0 ..aH 2 . 702 .JNj = l Tol., and then express these 
algebraically in terms of the special values o', o" 
., a', a".. &z., appertaining to the com¬ 
ponents I., II.. Ac., thus, 

a = a'x' + a"x" + a"'x’",&c. . . I- 


a=a's!'-Ha"s"-ha"v", &0. 

•y =7'a:' + y'x" -1- t"'®'", &o. 


II. 

IIL 

IV. 


and s,= -o-fs-K-ev-p. 

The determination could only confirm this 
calculation. If z is known to be = 0, or s and y 
conjointly are known to be so much air, the 
problem becomes easy of solution. 

III. The gas is oC,.aH.j.’)0..5N;= 1 volume; 
states of combination unknown. If we add to 
the values (for v of substance) of k and o that 
of the nitrogen in the ultimate residue (let 
its quantity be = il) wo have o and 5 at once. 
But, (even supposing wo did not c.aro for y), to 
determine a we must measure the quantity, w, 
of steam produced in the combustion. From 

w we have a = -w; and from this, and the con- 

V 

traction c, we can calculate y thus; let Sa 
denote the quantity of oxygen which, con¬ 
jointly with the oxygen in the substance, is 
just Bujhcient to burn the substance into CO^, 
H.O, and N-, and let s, bo the surplus added, so 
that s, -s B,=s; we have 

V|=V-VS„ + Sr 

+ + _ 

C = V-eBa-<l-KJ 

•r, v,-V 3 =v-f 8 „-fl. 

Now, it was obviously the oxygen sum B, Ty 
which produced the ILO and CO-; hence, 
Sa-eTy=K-s|w; 

y=l(K-r-'w-S„). 

Whenever, in a gas of unknown constitution, 
oxygen may be present, the determination of w 
become? indispensable, because without it the 
water possibly present in a gas would e.'rcapo 
us altogether; wo could not, for instance, dis¬ 
criminate between ethylene and oxide of methyl. 

The case which we have just been discussing 
includes that of the analysis of any gas 
which is combustible by means of hydrogen. 
Because the added hydrogen, for calculating 
purposes, may be included in the ‘v’ of our 
formula, to be ultimately allowed for. In 
practice, however, the variety of proximate com¬ 
positions included in the formula is 

very small, so that, in the ease of such a gas, 


In practice, of course, wo need not calculate 
o, $, &o., but may at once form equations between 

= io««c; &c., and the special 

V V V 

values h'k"..., cV^.., thus— 


li - k'x* + /("a:", (fcc. ... I.a. 
c =cV + c'V\ Ac. * • • 

v} = w'x'+ w"x", &O 4 . . • in.n. 

n=snV +»'V', Ac. . . • IV.o. 

l«=a;' + a;", Ac. . . • V.a. 


and solve these equations; but the former set 
shows more clearly how far the method goes as 
a method of proximate analysis. 

From either set we at once see that if the 
number of potential components does not exceed 
five, we can in general calculate the quantity 
of each in unit quantity of gas, i.e. of 
In general we say, because obviously if one or 
more of the co-eflicients a, /3...is*0, so many 
equations collapse; in the case, for instance, of 
7=0 and 8 = 0, only three equations urn left. 
And (to adhere to the example) if it should 
happen that all the values of 3 are the same func¬ 
tion of the respective values o,then equation II., 
or, if you prefer it, equation I., is lost, and only 
the case of two components is susceptible of a 
solution. A similar roHuU occurs if all the com¬ 
ponents should liappen to contain the same 
number of hydrogen-atoms (or the same nuniber 
of carbon-atoms) per molecule. Supposing, 
for instance, all the components were of the 
general formula 0,11^ then )3 would by necessity 
bc=s8, and equation JI. would bo resolved into 
3 = 3a;'-f-8.r" + which is a mere repetition 
of equation*V. And similarly, if all the compo¬ 
nents Mere di-carbon gases, equation I. would 
become useless. 

The general rule is, first of all to find out 
how many of the quantities k, c, n, w... in addi¬ 
tion to our knowledge of the constitution of^ the 
gas, we sl^uld need to calculate the co-efllcients 
o, 3... of the average formula. Suj^osing 4,8,2 
sufiico, then (in general) 8, 2, 1, (but not any 
3, 2,1), equations of the second set, taken along 
with equation V..., will sufiice to find the ua- 
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knowii qtuuotitiM V, «o^t, provided tiieir 
nnmber does not exceed 4,8,2. 

For examples see the writer’s TahUs to 
facilUaU chemical ealculatums (Williams Ss 
Korgate). 

The follmoing table gives the values of c, ft, 
i„ w for several gases. 


I .—Combustible by Oxygen, 



0 

* 


tr 

n 

Hydrogen, Hj.... 

1-5 

0 

0-3 

1 - 

0 - 

Carbonic oxide, GO . . 

0‘5 

1 

0-5 

O' 

O' 

Methyl-aldehyde, CH.,0 

1- 

1 

1- 

1- 

0- 

Ammonia, NU, . . , 

1-25 

0 

0-75 

l-D 

0-5 

Methylamino, CHiN . 

1-75 

1 

2-25 

2*5 

0-5 

Cyanogen, . . . 

0- 

2 

2- 

0- 

1- 

Hydrocyanic acid, NCH 

0-75 

1 

1-25 

0-5 

0-5 

Marsh gas, OH, . . . 

2- 

1 

2- 

2* 

0- 

Acetylene, CjIIj . . . 

1-6 

2 

2-5 

1- 

0- 

Ethylene, • • . 

2- 

2 

3- 

2- 

0- 

Ethane, OiH„ . , , . 

2-S 

2 

3-5 

3- 

0- 

Propylene, OjHj . . . 

2'i; 

3 

•1-5 

3- 

0- 

Propane, OjH, . . . 

3' 

3 

6- 

4- 

0- 

Oxide of methyl, G^n^O, 

2* 

2 

3- 

3- 

0- 

Benzene, C„U, . . . 

25 

c 

7-5 

3- 

0- 

1T01. = C.H;, . . . . 


a 

“•^1 

0-5/S 

0- 


IL-^Combustible by Hydrogen,* 



1 

, A 

w 

ft 

Nitrous oxide, N^O • . 

1- 

1- 

1- 

1- 

Nitric oxide, NO t . • • 

1-6 

1- 

1- 

0-5 


The Practice of Gas Analysis. 

In this section we take cognisance only of 
the chemical methods, and in regard to these 
confine ourselves in the main to those apparatuses 
in which mercury serves as a trapping llaid. 

Taking ordinary laboratory appliances for 
granted, all that gas analysis demands of special 
apparatus is: a barometer, a pneumatic trougii 
with transparent sides, and a scries of glass 
tubes, closed at one end and open at the otlter, 
and provided, virtually, with two scales, of which 
one divides the gas capacity, and the otlter tlie 
axis, into units of sufficient smallness. One or 
more of those tubes must bo provided near the 
closed cud with a couple of fused-in i>Inlinani 
wires so that a combustible gas^mixturo in it 
may bo exploded by means of an electric spark. 
The possibility of obtaining exact results by 
means of these simple contrivances is provo<l 
by the fact that all the great gasornotrio work 
of Cavendish and Gay-Lussac, wliich laid the 
foundations for our present chemistry, was dono 
witli apparatus like those referred to, or even 
with apparatus of a lower order of complexity. 
Of course to obtain exact results wo must bo 
alive to all the numerous sources of error 
involved, and eliminato them as far as possible 
experimentally or otherwise. It is one of the 
• 

* Asbydregon necessary for combustion, 
t Nitric oxide ooiinot be burned with H, alone; It 
' re<|nires addition ol a ccrtida proportion cd N«0; and eren 
then the combustion is irregular (Bunsen, (Jot. Utih, 
tad B(L pp. »», M>. 


merits of Btmsen to have done tMs for us, and 
to have thus brought the old method of gas 
analysis into a form which, on the score of pre> 
cision at least, leaves nothing to be desired. 

Bunseii's Apparatus and Methods, 
The first requisite of exact gas analysis, Bunsen 
says, is a special room in which the tempera* 
turo is subject to only slight, and to no sudden, 
variations. The ideal gns-roora forms part of a 
substantial building; it is not warmed artifici* 
ally nor is it contiguous to any other room thus 
heated; and its ^vindows face tho North, to keep 
out the sun. In such a room tho temperature 
during a working-day remains constant as a rule 
to within 1®C. altliough tho variations of tem¬ 
perature of the outside air may amount to as 
much as 12'^0. A characteristic of Bunsen's 
method is that the chemical treatment of a gas 
is effected in the tubo in which it has been 
measured; hut he uses two kinds of tubes, one 
for the absorptions, tho other (eudiometers) for 
the combustions. Both are about 20 mm. wide 
(inside measurement; in narrower tubes the 
capillarity assumes measurable values) and 
2 mm. or so strong in the body, which strength 
suffices even for the eudiometers. The absorp¬ 
tion tubes are about 250 mm. long, and are pro¬ 
vided with spouts, so that a gas contained in one 
can be transferred to another tubo by laying 
down tho absorption tubo in the trough. In the 
case of tho eudiometers a length of 500-()00 mm. 
suffices for all ordinary purposes. Tho platinum 
wires arc fused in somewhere near the closed end, 
and are bent so that the two ends stand opposite 
each other at a distance of about 2 mm. £ver^ 
gas tubo is provided with an etclied-in miUi- 
metre-scale, and the gas-volumes corresponding 
to the several marks arc determined by calibra¬ 
tion, so that each tube is a la))oratory, a volu¬ 
meter, and a manometer, in one. The scale is 
figured from the closed end downwards. To 
calibrate a tubo it is fixed, open end upwards, in 
a vertical position; successive, exactly equal, 
quantities of mercury are introduced, each cor¬ 
responding to some 20 mm. of scale, and after 
each such addition the exact position of the top 
of tho meniscus in reference to the scale is ob¬ 
served by moans of a horizontal telescope stand¬ 
ing at a distance of 1-2 metres, and the readings 
are taken down, care being taken, before each 
reading, to remove any air-bells that may be 
imprisoned between the mercury and the sides 
of the tube, by means of a long stick of whale¬ 
bone. The measuring off of the standard volume 
of mercury is effected by means of a short stout 
test-tube, ground exactly fiat at its lipless rimi 
and provided with a lid of ground plate-glass. 
It is filled from a pipette-like reservoir provided 
with a long naR'ow outlet tube and a stop-cook 
at the top end of this tube. If care bo taken so 
to operate that the mercury, while it fills the 
measure, forms one continuous mass, the forma 
tion of air-bells is easily avoided. The measure, 
while being filled, is held in a wooden clip (not 
directly in tho hand, which would cause the 
mercury to expand) while the lid is slung to the 
thumb of the same hand. The measure is filled 
to overflowing, the excess of mercury is removed 
by putting on tho lid, and the mercury is poured 
I into the tube. 

I The mercury-measure is assumed to hold 




* V' volames ol meroary, v being 00 chosen 
that, for differences of oapaoity at least, the 
numerical value of the volume corresponds as 
nearly os possible with the respective scale 
readings, so that, for small differences, every 
X mm. of difference of level can bo assumed to 
correspond to unit-volume (le. to Av = l). 
Supposing after addition of /t: measures full of 
mercury the meniscus stands at n mm., the 
volume of the body of quicksilver now in the 
tube is kv units by deilnition; but the gas- 
volume corresponding to a is greater than kv, by 
the volume x of the |^<(-sliap*ed space between 
the meniscus as it is when the gas is being 
measured, and tiie meniscus as it was in the 
calibration. To determine x, we pour some cor¬ 
rosive sublimate solution on tho meniscus (after 
having read off the number a in calibration) 
which causes the meniscus to flatten out into 
a plane, and wo read the position of this piano 
which stands say at b -8 mm. Counting from 
some horizontal reference-plane 00 upwards, tho 
volume of the mercury and the total space from 
00 to the horizontal plane tbrougli r are constant. 
The volume lias become visible as a cylinder 
of the height 5 millimetres, and consequently 
of the capacity of 5 ‘ units.’ lienee tho gas 
volume corresponding to point r is kv-t-2S, 
From the values kv + 25, and the corresponding 
readings r' b" r'" <fec., it is easy (though tedious) 
to calculate a calibration table which gives all 
the gas-volumes from mm. to mm. directly. In 
reading off with a good telescope one soon learns 
to divide every individual degree into tenths by 
the eye; the (Av)s corresponding to them are 
found by interpolation fiom the tabular entries. 
Should the tube be used for measuring over 
water, we remove the meniscus-correction by 
Bubtracting 25 from tho registered volume, and 
thus obtain as good an approximation to the 
gas-volume over water as is called for in such a 
case. 

During the course of the calibration the tem¬ 
perature of the mercury must be kept as nearly 
as possible constant, or else the values recorded 
lor the lower marks may bo very appreciably 
incorrect. It is well to record the mean tem¬ 
perature 4 (luring the period of calibration, and 
to determine the weight in grams of a measure- 
full (t> * volumes ’) of mercury at in order to 
be prepared for reductions of gas-voIumc to gas- 
weight. One gram of mercury at O^C. occupies 
0'07S55 c.c. (log. 2-8C6.580), and the volume at 
is 0-07355 (1 + 0-0001B14 t} c.c. 

To prepare a eudiometer for receiving a gas 
we first make it rigorously clean, and next, if 
the gas is meant to be measured * moist,' attach 
a small drop of water to the closed end, which 
during the operation of filling with mercury 
gets flattened out and spread over the inside, 
and so offers a large surface to the gas. The 
mercury is introduced through a long funnel- 
tube (provided with a stop-cock at tho bottom 
of the funnel) which goes to the bottom of the 
eudiometer. By means of this arrangement it 
is easy, after the introduction of the first thimble- 
full of metal, to let tho mercury in eudiometer 
and funnel form one unbroken mass, and thus 
to avoid formation of air-bells at the sides of 
the tube.^ 

' In regard to the oolleotlon ood preeerratioa of gat 


Assuming the gas to have bra introddoedi 
and the tube to have been fixed in a vertical 
position, we begin by preparing for the reading 
of the level of the trough by inserting a paper 
screen, provided with a shaped perforation, 
between the mercury and the front (glass) wall 
of the trough, which gives a fairly distinct image 
of the line of intersection between scale and 
trough-level plane; wo then suspend the ther. 
momoter somewhere close to the tube and next 
leave the room for a time to allow tho gas to 
assume the temperature of tho air. On return¬ 
ing wo road off; 

1. The position n of the meniscus in the 
tube. 

2. Tho level of tho mercury in the trough, 

3. The temperature, 

4. The barometer; let its height bo:»nmm. 
This reading comes last because tlie barometer 
requires to be tapped before being read and this 
cannot be done from a distance. 

In the vast majority of cases the tempera¬ 
tures for the several gases to be com¬ 

pared do not differ much from their mean; 
hence, even if they differ considerably from the 
temperature which prevailed in tho calibration, 
the value furnished by tho calibration table for 
B can be put down as the correct relative 
volume of the gas measured; and tho pres¬ 
sure of any mercury-column measured may be 
identified with its nominal height in mins, as 
read. Hence we have for tho pressure of the 
dry gas at the observed volume p = 
B + B—(r^ + »r) where IT is tho maximum pressure 
of steam at and for tho gas-quantity (the 

volume reduced to unit diagregation) 

273 + t 

(see theoretical part). 

Bunsen prefers reducing fo 0°C. and 1000 
mm. pressure by the formula 

® 1000(1 -I- 0'003C.G5^) 

which, if a table of tho logarithms of all the 
values (1 -t- a t) is at hand, is as short a method 
as tho one recommended by us. 

Corrections of tubc-oapacitios and mercury- 
heights for variations of tiiinporature occur 
only in the rare case when one of the gases 
concerned in the analysis was measured at an 
artificially established liigh temperature t. In 
this case the value v furnislicd by the calibra¬ 
tion table for the reading n must be corrected 
thus:— 

(True capacity down to b) -- v[l + X(t- ^o)] 
where A stands for the coefficient of the cubical 
expansion of glass, and may bo put down at 
27‘G X 10"®. And for the observed ludght h of a 
mercury column measured at a high tempera¬ 
ture ^ we must substitute tho height of the 
equivalent column of mercury of degrees, f, 
stands in both cases for the average temperature 
that prevailed during the determinations made 

in ihe ordinary manner. Obviously 

and with sufficient exactitodo. 

samples, and the mode of Introducing a sdlnpla into the 
eudiometer, we refer to Bauson's OaxortuiriKhe Mfthoden^ 
second edition, Braunschweig, 1877. The first editloo, 
1867, WOP translated intoEngluib by BoBCoe,aQd pabliahtd 
by Walton and Uaberley, London. 
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It m ^kking ilie nominal value 

Lof a meee of liulJjimetreoScale as measured at 
t should be oorreotod thus: 

(True length at QaL(l + (f-fo)0*2 x 10"“). 

(It W easier to remember that 1000 mm. expand 
hy 0'02 mm. per 100° of increase of tempera¬ 
ture.) Cut our work must be very exact to be 
wortn this correction. It is more relevant to 
state that whenever wo wish to make uso of 
Cegnault’s determinations of absolute gas- 
densities we must measure by his unit of 
(temperature and) pressure, and consequently 
reduce our mercury-columns to true mm. of 
mercury of 0°C. llegnault’s densities n, on 
the other hand, ought to bo reduced to the 
gravity of tlio place of observation; this correc¬ 
tion, however, may as a rule be neglected. 

For the execution of an absorption the most 
obvious method is to shake the gas with the 
respective reagent in the liquid form, and to 
measure the gas-residue as it stands over the 
layer of liquid reagent. But this method is 
in general attended with a number of obvious 
grave errors, and, besides, does not readily adapt 
itself to the successive application of different 
reagents. To overcome those diflicuUics Bunsen, 
as a general rule, uses all the absorbents in tJie 
form of solid or semi-solid balls, fixed each to 
the end of a jdatinum wire. Caustic potash, 
eliloride of calcium, (fee., arc cast in a bullet- 
mould around the coiled-np end of the wire. 
To bring sulphuric acid, alkaline pyrogallato- 
Bolution, and other intrinsically li(ini<l reagents 
into a /^rw.s'j-solid form, a ball of some suita¬ 
ble porous material—battery charcoal for vitriol; 
papier-inacli6 for pyrogallate, <fec.—is fixed to 
the end of the wire and the ball is then soaked 
in the respective liquid. In this manner it is 
quite possible to accomplish an absorption even 
with oil of vitriol, without soiling tlm tube or 
the mercury to an inconvenient degree, llo- 
agent vapours left after an absorption, or foreign 
vapours produced by the reagent—the SOj 
and S(X ^Yhich are always left after an ab- 
eorption of olefines by fuming vitriol—must of 
course be removed by suitable reagents (SO;, and 
SO., by a soft potash ball) before the residue 
is measured. As small remnants of, for instance, 
KHO, remain unavoidably in tlie tube, the resi¬ 
dues must in general be measured dry, because 
the pressure of water in the presence of jnoist 
KHO is incalculable. 

TIio weak point in Bunsen’s method is that 
it is tedious, an<l that it does not enable one to 
see the end of an absorption otherwise tlian by 
the repetition of the process with a frcsli reagent 
ball. Bunsen himself has indeed come to effect 
carbonic acid absorption, by shaking the gas 
with solution of caustic soda, and measuring 
the gas-residue over the layer of reagci\t. To 
be able to correct for the pressure of this layer 
and for the vapour-pressure of the foagftnt, he 
employs it in the form of a standardised solution 
containing exactly 7 p.c. of NaOII, which has a 
practically constant specific gravity. IB; lias also 
determined the course of the pressure-curve by 
standard experiments; the results arc embodied 
in a table ap]|j|ended to his Qasometrisdhe Metho- 
dent second edition. 

In this connection we must refer to an 
ingenious method devised by Bussell (C. J. [2] 


6}. introduces the reagents as solutions by 
means of a graduated syringe; and after they 
have done their work, removes them by means 
of a ball of cotton-wool, previously rendered air- 
free by kneading it under mercury. To remove 
what adheres to the tube aud mercury he rinses 
the inside with some injected water and removes 
this by a fresh cotton-wool plug. 

lit the analysis of a gas by combustion a 
necessary preliminary stop is to remove (and 
determine) what there i-'ay be of SO., CO., NHg, 
and similar gases, by suitable al)sorbent9. Fart 
of the residue is *transfcrrcd to the eudiometer 
and measured. Lot its volume (reduced to, say, 
unit disgregation) be equal to v units. The ne¬ 
cessary quantity of oxygen or hydrogen is now 
added and its quantity is determined by mea¬ 
suring the mixture (let its red. volume be v'). 
The mixture is now rendered explosive, if ne¬ 
cessary, by adding the requisite proportion of 
fulminating gas, tlie whole i.s well mixed and 
prepared for explosion by pressing the open end 
of the eudiometer firmly against an india-rubber 
pad lying on the bottom of the trough. The 
up])or surface of the pad must have been rendered 
air-free by rubbing it over with a few drops of 
corrosive sublimate and mercury. After these 
preliminaries the combustion is effected by pass¬ 
ing an electric spark through the mixture. After 
the combustion, the eudiometer i.s carefully lifted 
from its cushion, so tliat tlie mercury enters 
slowly and without drawing in air. Tlio gas, 
after having been allowed to coo! down to the 
temperature of the room, is moasurod, to deter¬ 
mine its reduced volume v'\ From tlie data 
obtained so far, we have for the contraction per 
unit of original gas; 

After this determination comes, if necessary, 
that of the water produced, which of course is 
practicable only if the original gas and the 
added oxygen were used in llic slate of perfect 
dryness and any added fulminating gas measured 
exactly. To determine the water-of which 
part in general separates out in the li(iuid form 
—the eudiometer is lifted out of the trough by 
means of a small beaker, and with it, as its 
temporary trough, placed witliin a glass cylinder 
through whicli a current of steam can bo passed 
to raise the temperature of tlio whole to some¬ 
thing like 100°C. The ex.act temperature f'" 
is noted down. If care be taken to arrange 
matters so that the pressure of the gas mixture 
produced is not more than 0'5-0*G atmospheres 
the steam may be practically regarded as a 
perfect gas, hO that tlic measnreraent of the 
mixture enablea or-> to calculate its quantity. 
If the red. volum# of the mixture be v'", wo haw 
for the steam per ue.H of original gas; 

wJ- 

In this measurement the corrections for the 
expansion of the glass and mercury, which wore 
referred to above, necessarily come in. 

The determination of the carbonic anhydride 
produced is effected by caustic potash. In an 
aliquot part of the residue, the surplus-oxygen 
(or hydrogen if we have to deal with a gag 
combustible by hydrogen) is determined, if necea 





OzTgw oaa W» dsUtmilwi b; tt^oiion 
wiui excess ot hydrogen (its qoanUty Is f ol 
the dontraotion), or it may be determined by ab¬ 
sorption with pyrogallate; hydrogen is deter¬ 
mined by explosion with excess of oxygen, f of 
the contraction is the volume ol the hydrogen. 
The nitrogen is found by difference. The method 
of combustion—as a method of ultimate analysis 
at least—is susceptible ol a high degree of pre¬ 
cision, which, however, is attained only if wo 
take care to avoid its numerous sources of error. 

I. The reagents used mpst bo absolutely 
pure, which of course includes absence of air; 
hence in any case the gas-evolution apparatus 
employed should be no larger than is absolutely 
necessary, so that the air-space is reduced to its 
minimum. 

Pure oxygen is easily made. A few grams of 
pure potassium chlorate are introduced into a 
little bulb blown to the end of a glass tube, and 
the latter is then drawn out and bent into the 
form of a gas-delivery tube. The rest needs no 
explanation. 

Pure fulminating gas is best produced 
electrolyticaUy from 10 per cent, pure sulphuric 
acid. The two elements are sure to be produced 
in the exact ratio ol but whether the 

gas as it comes off really has this composition 
depends on the observance of certain conditions 
which cannot be formulated better than by a 
description ol Bunsen’s apparatus (Fig. 1). 



The decomposition-cell consists ol a cylindrical 
bottle provided with fused-in platinum electrodes 
aa, and terminating in a funnel; it is filled 
with the acid up to about ^ths of its capacity. 
The end e ol the washing-bj.lbs and delivery- 
tube is ground into the neck ot the funnel; a 
few drops of acid poured over the joint make it 
absolutely tight. The bulbs d ate charged with 
a few drops M oil of vitriol to dry the gas 
evolved. The^ttlc is suspended within a bath 
of water c c (or alcohol to avoid its freezing in 
winter-time). .To produce a current ol fulmi¬ 
nating gas, the wire ends bb are connected with 
the poles ot a battery of four ‘ Grove ’ or 
■Bunsen’ cells, and the gas evolved during the 
first five minutes is allowed to escape in order 
to expel the air, and to establish absorptio- 


xMtrid eqnUibriafii b^wMn thsi' gat-aboT*; ’ 
the gas held in soldtion by , the aud. Aa o^gea 
has a greater coefficient of absorption {ff) than 
hydrogen (fi"), the first portions ol gas that come 
off contain an excess of hydrogen. Besides, the 
ratio varies with the temperature; lor 
this reason, and also to avoid undue heating of 
the conducting-wires, the bath is used. 

Imagine the apparatus to bo so modified 
that the oxygen electrode is immersed in a mass 
ol liquid zinc-amalgam, which takes up the 
oxygen as quickly as it is liberated from water, 
and you have Bunsen’s apparatus lor producing 
pure hydrogen. But a sufficiently pure gas for 
most purposes can be obtained in the ordinary 
manner, namely, by the action of 10 p.o. (pure) 
sulphuric acid on pure zinc, in the presence of 
platinum, within a small, narrow-necked, flask. 
The hydrogen thus evolved is filtered through a 
short narrow tube full of fragments of caustio 
potash to remove traces ol sulphuretted hydrogen 
and moisture. 

II. The second point to bo attended to is 
that the quantity of oxygen (or hydrogen) added 
to the gas to be burnt must bo in excess over 
the calculated quantity (a large excess is not 
necessary). The mixture must be perfectly 
homogeneous before the spark is sent through 
it. 

III. The gaseous mixture must bo brought 
to a proper state of attenuation. Let us assume 
that the gas to be burnt is a pure specimen ol 
H, CO, CU„ or some other gas, CJl„. A glance 
at the formula shows how many volumes ol 
oxygen wo have to add to produce what wo may 
call the respective fulminating gas. Thus the 
equation C .U, -r 30j = 2CO.^ + 211.0, tells us that 
every one vol. ol ethylene needs 3 vols. ol oxy¬ 
gen. Any lulminating gas will explode when 
tho spark is sent through it at the ordinary 
pressure, but the force of tho explosion is in 
general more than tho best eudiometer will 
stand. ’To avoid such accidents, we must 
attenuate the gas by addition of diluents (such 
as surplus oxygen or air), or by mere expansion, 
or in both ways. In practice we must go even 
beyond the safety point, because in most cases 
nitrogen is present even in tho original gas, and 
a considerable quantity ot this nitrogen may be 
converted into nitrio acid if tho temperature of 
tho flame is too high. But we must take oare 
on the other hand not to attenuate too largely, 
or else the mixture may miss fire, or, what is 
worse, suffer only partial combustion. ’The effect 
of an explosion—in tho chemical, physical, and 
mechanical, sense—is determined by many inde¬ 
pendent variables, which, if arranged in the order 
of their importance, would begin with the che¬ 
mical constitution ol tho gas to be burnt, and end 
with tho relative narrowness of the eudiometer. 
But given a certain eudiometer, and suppose it to 
be charged with a certain fulminating gas whi«^, 
contains, let us say, unit vol. of the rcspectiviS: ’ 
‘fuel,’ measured at tho ordinary temperature 
and the pressure of one atmosphere, the attenua¬ 
tion of this gas to a certain eudiometer space, 
equal to units ol vol., will render the explosion 
both safe and effective. A of coursedias one value 
if the attenuation be produced by mere expan¬ 
sion (mere reduction ol pressure), another value 
if it be nroduoed—at. say. 1 atm. pressure—by 



ttldition of iUr, a 

modlaio oaBes; e»:h ease fortunately admits of 
a Uberol toleration, ± {A a). The a for a given 
ipeoies of fuel can of course be determined only 
by experience; supposing it has been ascertained 
for H, CO. CH4, and the value for CH4 is we 
might suppose that the proper a for C.^4 or 
OjHg would be about 2 Aq, that for a Cg-gas about 
8Ag, &o .; but unfortunately the supposition is 
not borne out by experience; CgHo, for instance, 
explodes far more violently than although 
it contains less hydrogen per molecule. But to 
pass to experience. According to Bunsen and 
Kolbo, the expiosion of ordinary fulminating 
gas (Hj ^^2) admixture with air takes its 
normal course at from 500 to 000 mm. total 
pressure, if the percentage of the explosive gas 
lies between 20*8 and 30*1. According to our 
ealoulation from the data of the five experiments 
recorded by Bunsen, this comes to the same as 
saying, if the partial pressure of the fulminating 
gas lies between 108 and 2.30 mm.; or if a, re¬ 
ferred to the hydrogen, is between 4*9 and 10‘5» 
If a> 10'5, the gas fails to burn; if a< 4‘9, 
nitric acid is produced. In tho combustion of 
a given quantity of oxygen by added hydrogen, 
we may use 3-10 volumes of the latter, per 1 vol. 
of oxygen, if we start with almost pure oxygen. 
In the analysis of ordinary air, 0*5 — 1 vol. of 
hydrogen per 1 vol. of air works well (Bunsen). 
VV^enever hydrogen is used as a reagent, the 
chance of nitrogen being drawn into the com¬ 
bustion is relatively small, so that wo have (^cater j 
latitude on this score, in choosing our conditions. | 
If the oxygen to bo determined is accompanied ! 
by an unknown proportion of nitrogen, wo first ' 
try two volumes of hydrogen for one of total 
gas; if the mixture fails to explode properly we 
add the requisite pftiportion of fulminating gas, 
i.A BO much of tho latter that it forms about 40 
p.O., but no more, of the whole, and explode 
again; this time presumably with success (Buu- 
sen). In the case of marsh gas, Bunscu directs 
U9 to add 8-12 volumes of air besides the necos- 


^6 4^ gfuu ifi:eang of ^b a^ratus, they 
asoertamed, for each of a series of gases com¬ 
bustible by oxygen, the minimum pressure at 
which the undiluted fnlminating gas is exploded 
by an electric spark, and also a range of pres¬ 
sures at which the explosion is both safe and 
effectual. The following tabic summarises what 
for us are tho main results. To explain the 
headings let us give the reading of the table for 
CH4 in full. Imagine a given quantity of marsh 
gas mixed with a little more than two volumes 
of oxygen; this mixture will explode normally if 
its pressure is reduced to i>s=140 mm. by mere 
diminution of pressure, the partial pressure of the 
CH, itself will now beat 47 mm., and its attenua¬ 
tion (as defined above) at a = 10, that is to say, 
every 16 units of vol. of the expanded mixture 
contains 1 vol. of CH4 measured at 700 mm. 
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In Tnillimctres 

A 

CH, 

140 

47 

16 

C,U. 

70-80, say 76 19 

40-5 

CA 

40-50, say 
80 

45 13 

691 

C,H. 

14-6 

62-2 

C,H, 

80 

13-3 

670 

CO 

243-219 

102-146 

4-7-6'2 

H, 

176-127 

117-85 

6-6-9 


(Partial Pressures.) 


[H, 

170-127 

117-85 

4-9-10-6) 


[By Bunsen and Kolbo’s experiments {vid4 
siqyra ); air added as diluent; total pressure in 
tho mixture as exploded, 520-590 mms.] 

With Meyer and Seubert’s, or some other 
equivalent, apparatus at hand, tho order of 
operations with a gas of unknown composition 
is as follows:—After having added a sufficient 
; volume of oxygen, we next exjiaud so largely as 
to bo certainly on tho right side of the safety 
line, and apply the spark ; if no explosion occurs 
wo repeat tho trial at successively greater 
pressures. Should the greatest available pres¬ 
sure fail to produce inllainnuibility, we add a 


sary 2 volumes of oxygen, which, assuming the suitable proportion of ordinary fulminuti7ig gas 
mixture before the explosion to bo at 000 mm., (H2+ iOj) as above explained, <fec., &c. 
makes our a equal to 14 to 19. For C2H4, his The Biinsenian mode of gas-analysis, whilo 
directions are somewhat obscure, but in a test- perfection in regard to precision and elegance, 
analysis quoted by him, the pressure of the is very wasteful of time, for obvious reasons, 
mixture as exploded was 640 mms., and it con- ; which any reader who has followed us so far 
tained 0*048(58 of its vol. of 0^11,. Hence a = 23*0; ' will easily discern. The desire to do away with 
and the partial pressure of tho explosive gas this evil has led to tho construction of quite a. 
(CA-. 30j.) WHS 106 mm. , series of moro or less complicated pas appa- 

The addition of largo volumes of air to tho ! ratus. Tho more important of these are- 
gas to be analysed does not of course add to the described in tho following paragraphs. To- 
precision of the work generally, and in tho best avoid repetitions, let us state beforehand that, 
case will render the determination of the nitre- all tho apparatus to be noticed agree in tho 
gen in the ultimate j>roduot somewhat uncertain, following points: — 

Thomas (Cl. J. 35, 213) was the first to sub- 1. For accelerating the absorptions the re¬ 
stitute mere expansion for dilution; the (Frank- agents are all tisr i as liquids, and the absorp- 
land) apparatus he used enabled him to do this tions are carried out in a special piece of 
without trouble. Lothar Meyer and 8eubert{C.J'. apparatus (laboraf lire); the residual gas is then 
45,681) have lately taken up the same method transferred to the measurer, where it is saturated 
and rendered it available for Bunsen’s apparatus with vapour of water, and measured, 
by the invention of on auxiliary apparatus in 2. The measurer is immersed in a water-bath 
wiiich a kind of meroiirial air-pump, constructed to bring the gas contained in it to a definite 
on tho Qeissler principle, serves to establish any constant temperature, without much loss of 
desired pressuto at the same time in tho eu- time. 

diometer and in a moist-vaouum barometer, so 3. The mode of measurement is so contrived 
that the difierenoe of level between the menis- that tho calculation of tho gas-quantities (the 
ouaos of (he two at once gives tho messure of Qs) becomes very easy or even unnecessary. 

Von. I. B 





'while engaged in their great reseaieh on respi- apertnre thim the sharp welt which it'got 
ration, felt the want of a quick-working appara- over, if the two halves of a" are screwed againi 
tns for the numerous gas-analyses involved, arid each other, they exert a powerful pressure, an 
at last adopted the combination represented in make the joint absolutely tight. Hhe volumete 
2 and 2a. The vertical tube a conjointly n, in the original apparatus, had only or 
with the moveable trough v constitutes the mark, somewhere about the middle; but tl 



iahoratory, the measurer consists of a long 
(J-tnbe, the limbs of which are of glass, while 
the bend consists of an iron or steel tube, ter¬ 
minating in two sockets b and c (see auxiliary 
figure 3), in which the two glass tubes n and 
e are fixed by means of a resinous cement. A 
two-way cook b below b (fig. 3) enables one to 
effect the necessary connections. Tube b is 
provided with a couple of fused-in platinum 
wires near its top, so that it can be used fur the 
combustions as well as for the measurements of 
the gases. Tube c conjointJ[y with n serves as 
an open manometer. The capillary ends of a 
and B are cemented, each into the socket of a 
capillary steel stop-cock, and the ends of the two 
steel-fittings which face each other are shaped 
so as to constitute the two halves of a 
eoupling, so that the two tubes can be united 
hermetically, or can be separated, at a moment’s 
notice. The construction of a Eegnault’s coup¬ 
ling is seen from fig. 4. To unite A and b, the 
convex end of r (fig. 4) is smeared over with 
melted india-rubber, pressed against the con¬ 
cave part a' b', and the two ate then bound 
together by means of the clip a". As the oonical 



inventors subsequently added two more, on 
close to the upper end, and one near the lowei 
for the measurement of exceptionally small, o 
large, quantities of gas. The manometer 0 i 
not graduated, as the apparatus is intended t 
bo used with a catlntometer; where this costl, 



instrument is not at hand, tube o must be pig 
vided with a millimetre scale. 

To prepare the apparatus for use it is place< 
on a sifbstantial support not jiable to incon 
venient vibration, and tho three levelling screw 
of the stand arc adjusted so that tho tube 
B and 0 stand vertical. To determine thi 
relative ^as-volumes corresponding to the thrs< 





murVs* the Tolumeter is filled with meroary, 
trough c, and after the air-bells hare been 
removed by the well-known artifioes, the weights 
of mercury w„ w„ w,, which the tube holds 
from its exit-end at r (fig. 2a) to the highest, 
middle, and lower, mark, respectively, are deter¬ 
mined. For comparative measurements the 

volumes are put down as 3l, !!?=»!, and 

Wo Wfl Wo 

respectively. In the absence of a cathetometor 
the level points of the three marks on the scale 
0 must be determintd with the liclp of an ordi- 
Jiary gas-room telescope. Lastly, a drop of water 
is introduced into d and spread over its surface. 
To analyse, say, a mixture of carbon dioxide, 
oxygen, and nitrogen, a sample of the gas is 
collected over mercury in a (perhaps with the 
help of an auxiliary-trough); tube a is coupled 
on to B (which is supposed to be quite full of 
mercury), and the gas is sacked into this tube 
by letting mercury run out at z. b having 
been closed by shutting the cock r, communica¬ 
tion is made with c, and mercury is run out 
until the meniscus in B stands at say exactly 
the middle mark; the final adjustment is made 
with the toicscopo when the temperature of the 
gas has certainly become equal to that of the 
bath. When the final reading is made, b 
must of course communicate with c only. The 
reading of the height h of the mercury column 
in c, counting from the respective mark up or 
down as the case may be, and the reading of the 
barometer, complete the measurements. Sup¬ 
posing to be positive, and the barometer to 
stand at b, the gas-quantity measured is 

( T„=l)x(fe + n-T). 

278 + { . 

To absorb tho carbon dioxide, the laboratory 
tube (which was left full of mercury) is charged 
with a little caustic potash solution, and tho gas 
is blown into it from b. By letting the gag 
travel forwards and backwards between a and b 
a number of times, the absorption can bo com¬ 
pleted in a short time. The residual gas is then 
sucked back into b, care being taken to shut the 
cook / as soon as tho potash solution comes to 
eome mark <r, in the capillary part of a. The 
thread of gas from c to r which is thus lost is 
of no consequence, as it amounts to only of 
Vj. Tho mixture of nitrogen and oxygen is 
measured as before. The rest requires no ex¬ 
planation. If all tho several gases are measured 
at the same temperature and volume, the (dry) 
pressure p', p", p'", of course may bo taken as 
representing their qa (red. vols.). 

Frankland and Ward, in 1853, introduced an 
ingenious modification of Rcgnault’s apparatus, 
which differs from the original model chiefly in 
this, that the volumeter bears ten piarks, so 
adjusted that the respective gas-volumes are to 
one another as 1; 2; 3 .... 10 exactly, and 
that in addition to Regnault’s open tube o (Pigs. 
3, 2a), there is a tliird tube, o, which terminatce 
above in a stoppered funnel or stop-cock. Tube 
s stands in the same water-bath witUn and o; 
when used it ooutains only mercury and a little 
water, and thus assumes the character of a 
• moist’ barometer, which serves to directly 
measnie the dry pressure of the gas shut up in 
B. Tube 0 (In F. and W.’s apparatus) Krvesonly 
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for the inirodnotion of the meronry. TheleyelB 
of the ten volumeter marks, in referenoe to the 
scale on the barometer, are of oonrse determined 
once for all, hence the measurement of a gas, 
supposing its volume to have been adjusted to 
one of the ten marks on the volumeter, involves 
only ono reading, namely that of the height of 
the mercury column in the barometer, which 
balances the (dry) pressure of the gas. Another 
advantage of F. and W.’s apparatus is, that for 
each gas measurement H gives one the ehoica 
among at least some throe of the ten standard 
volumes, and thns enables one to reduce the 
error by an obvious method of repetition. Un¬ 
fortunately, however, the barometer rather 
aggravates what in the original apparatus is a 
suflieient trouble, namely, the liability of the 
apparatus to get out of order. However care¬ 
fully it may have been constructed, the joints 
between tho glass tubes and their eockete are 
sure to become leaky, and the capillaries between 
the laboratory and the volumeter are exaspera- 
tingly fragile. 

McLeod [ISfifi] (0. J. [2] 7,314), and Thomas 
[1879] (0. J. 35, 218) endeavoured to remedy 
these evils, and to effect other improvements. 
For details see the papers referred to. 

Infinitely handier than Regnault’s unwieldy 
machine, though not quite equal to it in poten¬ 
tial precision, is 

boyire's Apparoto.—(First notioo dates 
from 1818. Full description in A. Oh. [3] 28,1.) 
The essence of Doy^rc’s system is that the 
measurement of tho gases is effected in a plain 
graduated eudiometer, whilo a series of Ettling’s 
gas pipettes serves for tho chemical treatment 
of the gases, and their transference from vessel 
to vessel. The Ettling gas-pipette is depicted 
in fig. 6, and a glance at the figure suihoes to 



show, in a general way at least, how the instru¬ 
ment is used for the transference of a gas from 
ono tube to another; nor is it necessary to for¬ 
mulate tho conditions or limits of its availability. 
Tho measurer (fig. 6) when in use is suspended 
over a pnenmatie trough, deep enough to admit 
of the total immersion of the measurer, and is 
surrounded by a mass of water contained in s 
cistern whose sides are of plate-glass, while tho 
mercury of the trough forms its bottom. To 




pi^«re ihe meBSdTor for the reoieption of a gar, 
it la oleaned, slightl7 moistened inside, trana- 
tarred to the trough bjr means of the portable 
mercury trap (fig. 7) fixed in the clip l, and 
filled with mercury by sucking out the air, by 
moans of the U-™eped tube (fig. 8). The gas, 
which we will suppose to be contained in a gas* 



pipette, is then blown in, to be measured at a 
certain fixed disgregation, which is kept rigor¬ 
ously constant tor the sot of gas-quantities to 
be compared. A glance at fig. 6 at once suggests 
a mode of fulfilling this condition. But this 
mode is not Boycro’s. He allows the tempera- 
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tore ol the bath and the barometer to take care 
ol themselves, but before each measurement he 
■p adjusts the height of the water in the bath 
that the volume of a certain fixed quantity of 
Air, shut up over water at a place within the 
water of the bath, assomes a certain fixed value, 
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mometer which is fixed against a glass-plate, 
and, by it, suspended at a certain (by intention 
constant) height over the mercury-levol of the 
trough. The water of the bath goes to some 
point B in the ascending branch of the capillary 
U-tube; BA is a thread of air; from a down¬ 
wards there is a continuous mass of water, over 
whicli the standard body of air is shut up at 
B. Before each gas-measurement, the height 
of the water in the trough is so reguJated (by 
means of taps) that meniscus a stands at some 
determined point of the scale, and the air which 
serves as regulator is consequently at some fixed 
volume Vq. This being done, the eudiometer 
is raised or lowered, until the height of the 
column of mercury suspended in it is at some 
fixed value, h(^. As a result, the gtis is now 
practically at least, at a fixed disgregation. 


Proof. The pressure of tho gas exceedd that of the air 
of the regulator by A+y>,+At„ where A stands for tho 
height of II ‘ over ’ a (we refer to the regulator), and p, for ' 
tl\i-' height from the level in Ihc trough to that ia n of the 
regulator—both reduced to mercury. With a properly 
choseu Ag, the value c=s^+p^-h„, if not nil, is at least 
small, and nearly ooustnnt. Kow supposing we have, for 
two successively measured quantities of gas, I. and II. : 

I* II. 

Por the rogulator^fclr v*, T'; i''. V#; T"; p". 

Per the gas . , . y; T'; (p'+e) v*^; T"; (P"+e). 

As the regulator-air is at the constant volume, v«, wo 
have 

T' _ r'’ 

v‘ p".,1, 

The * reduced volumes ’ (the qs) of the two gaseo are 

V'(p'+C) , ,, V"(l'"+C) ^ 

«'■=— 5 !—»ndg"=—— . . . H. 

and, M 0 ifl hat small, we may write 
p'orp'' 

q' ^ , t / p"-p \ \ 

Ax botb fxotois in tbe second tem with tbe brxokst | | 
are jery small, we bare praoilcally, ^ 
a* _ T* 
g"~ T"' 

Ad the measarei Is necessarily very small, 
the adjilstment of h, mast be made, and the 







gat-WoniH with oian tbui ordinate 
•uotitoda. Doyin aooofdisgly proTides a 
small short-vision telescope, which has a glass 
uioiometei-Boale (fig. 10) in its loons, Xhs 
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telesoope is attached to a three-legged stand 
(which rests on a horizontal glass-plate fixed on 
the table close to the trough), in such a way 
that in all the necessary shiltings the optical 
axis remains parallel to, or when necessary, in, 
the same horizontal plane. To adjust h, the 
telescope is so focussed that it gives a distinct 
image of the mercury meniscus in the trough, 
which image is then made to coincide with line 
o-o' (or bb' if the telescope is an astronomical 
one). The eudiometer is then lifted or lowered 
until the image of the top of its meniscus 
touches the central line a-a', which assigns to 
h, a definite, though unknown, value. This 
adjustment being made, the telescope is drawn 
backwards a little on the glass-plate to afford 
a good image of the eudiometer-scale, and to 
enable one to read the volume of the gas. The 
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micrometer-scale serves to sub-divide the indi¬ 
vidual divisions on the eudiometer, which it 
does with an amply sufficient degree of precision. 
Before reading h, the eudiometer must be tapped 
to bring the mercurial meniscus into its normal 
shape. 

Assuming now that a gas, measured as de¬ 
scribed, contained carbon dioxide aiid air, and 
that we wished to determine the carbon dioxide 
by absorption with caustic potash. We begin 
by charging a gas pipette with mercury to about 
the.extent shown in fig. 6. We then take the 
pipette to an auxiliary trough, immafse its U 
in the well, and, after having blown out the air, 
suck in the requisite quantity of caustic potash 
solution from a test-tube inverted over the 
trough, taking care not to let any more mercury 
fiMota than it neetttary (praotioally) to trap 


ths ormtantt by a thread of tterouty iU We 
then transfer the pipette to the measurer con¬ 
taining the gas (as indicated in fig. 6), press 
down the measurer over the outer branch of 
the U> end transfer the gas from the measurer 
to the pipette, by sucking at a, until drops of 
mercury are seen to fall into the working bulb, 
but no longer. Things are now in the condition 
depicted in fig. 11, and all that remains to be 
done is to agitato the contents gently so as to 
insure absorption of the COj, and then to return 
what is left of the gas to the measurer. This, 
however, is a delicate operation, which in tbs 
hands of a beginner is not unlikely to tail. The 
first step is to replace the pipette under the 
measurer, to lower the latter sufficiently (v. 
infra), and to blow into the pipette so as just 
to dislodge the mercury thread i 1. Supposing 
the pipette contains no more surplus mercury 
over and above that which was in it at the 
beginning, then as long as the meniscus in the 
eudiometer is below or at a level with that of 
the mercury in the trough, as it is underneath 
the bath, only part of the gas will pass out of 
the pipette into the eudiometer. The second 
step is to lift the pipette, so that its outflow 
end, B (fig. 6) or I (fig. 11), becomes visible 
within the gas-space of the measurer. As long 
as it is there, and the pipette is kept vertical, 
whether the gas flows out of b, or in at b, or 
remains at rest, depends mainly on the pressure 
of the gas in the eudiometer, and consequently 
on the altitude of the latter. But this attitude 
we have under absolute control. Hence what 
we have to do is carefully and slowly to lift the 
eudiometer until the thread of liquid reagent 
which makes its appearance as soon as the bulk 
of the gas is out, has come to, say, 2 mm. from 
the outflow end. We then stop sucking, pot the . 
pipette down on the table (which of coarse at 
once seals the end b with mercury), suck at a 
until we see mercury dropping into the pipette, 
take the pipette out of the mercury, and put it 
on the table to have it at hand for a repetition 
of the absorption. 

The sequence of operations described is not 
quite so easy in practice as it looks on 
paper, because success depends largely on the 
permanence of the position of the pipette in 
reference to the plumb-line. Tilting over the 
pipette in the direction of the (J means adding 
to the pressure of the gas inside; and vice versi, 

b’or the explosions, Doyire provides a special 
stout pipette, with fused-in platinum wires, 4o. j 
but the method of combustion finds little favour 
in his eyes, because his apparatus does not 
readily fall in with its requirements. 

In conclusion, the writer may be permitted 
shortly to dcsorije an apparatus of his own 
invention, which, thanks to the valuable assist¬ 
ance of Mr. Lennox, he was enabled to oon- 
struot on his own premises, and which has 
since done him good service. 

Dittmar’s apparatus, like Doyire's, is based 
upon the Ettling gas-pipette. Apart from tbs 
necessary two troughs, it consists of the follow¬ 
ing three independent parte. 

The measurer (fig. 12) is a combination of 
a wide with a narrow glass-tube, after the 
manner of Gay-Lussac’s burette. The wide 
tube communicates by its lower oontraoted end 
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iriiii * long mpillary tube d india-rubber, and volnmea are counted from the point of tiw 
through it with a Geissler meroary-reeeryoir. junction, because, after the introduction of a 
At their upper ends both tubes are provided gas, the narrow canal firmly retains its thread 
with Geissler stopcocks; to the exit-end of the of mercury. The measurer holds a fixed posi* 
wide tube is soldered the capillary U tion on the right side of a pneumatic trou^, a, 



aharaoteristio of Ettling’s pipette. The wide provided with two wells, one for the ij of the 
tube bears a mm. scale; the gas-volumes ccr- measurer, tlie other for that of the exploder, 
responding to the several marks are determined In regard to the exploder (fig. 13), wo have 

nothing to add to what is clearly seen from the 
figure, except the statement that the exploder 
in its present form is wider than the figure 
represents it to be, so wide, indeed, as to enable 
one to expand a gas considerably before ex¬ 
ploding it. 

The absorber in its original form is repre¬ 
sented in fig. 14. For the interpretation of this 
fig. it sutlices to say that k is a small mercury- 
reservoir which enables one to sweep out the 
thread of gas left in the capillary after the 
liquid reagent has been allowed to travel up to 
the safe side of the point of junction between 
the horizontal part of the capillary delivery tube 
and the stem of the reservoir. An improved 
form of the absorber (devised by Mr. Lennox) is 
represented in fig. 15. 

To prepare the measurer for the reception of 
a gas, it is completely filled with mercury from 
the reservoir, the stopcock of the side tube is 
turned ofif as soon as all the air is driven out of 
it, and a drop of water is introduced into the 
main tube at a suitable stage. 

The gaS to be measured must bq contained in 
a tube short enough to be within the range of 
the U : from this tube the gas is sucked into the 
measurer with the help of the reservoir, whieh 
is then adjuted so that the gas-pressute Insi^ 


uy gravuueiric caiioraiion, at a rigorously 



Fig. 14. 

constant temperature, maintained by means ol 
the water-bath. The narrow bit of tube between 
the top of the measurer and its stopcock is a 
capillary ol the same bore as the (J t it joins 
on quite abruptly to tiie wide tube, and tb« 
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b ftboat ODe atmospbtre. The etopoock at the 
■!de tube is then opened, and the height of 
the teservoir is re-adjusted so that the menisoi 
in the narrow and wide tube are in the same 
horizontal plane. A horizontal wire in the tele¬ 
scope facilitates this adjustment materially, but 
is not indispensable. The gas is now at the 
ressure B-e 6—w, where B is the height of the 
aromoter, w the pressure of the vapour of 
water, and b the excess of the capillary depres¬ 
sion in the narrow side tube as compared with 
that in the wider branch. The temperature is 
of course that of the water-bath. As both p and 
I oscillate with a series of measurements only 



within small amplitudes, it is expedient to 
reduce, not (lor instance) to unit disgregation, 
but to some mean pressure and temperature 
(if there has been any variation in cither or 
both) by means of some suitable formula, such 

v.= vj*X + l^-^} 

< Po T J 

whero p, and stand for tho standard values, 
and the observed values are assumed to be 
greater than these by (Ap) and (At) respec¬ 
tively. If a table of the reciprocals of the 
practically occurring rs and ts is at hand, the 
calculation becomes so very easy that it is not 
worth while to set up a disgregation indicator. 

Technical QaS’Anahjsis. 

To meet the demands of chemical industry 
there has been invented a variety of methods for 
the rapid, though perhaps only approxir&ute, 
analysis of certain classes of gas-mixtures. The 
methods all agree in this, that the use of mercury is 
dispensed with, the gases being measured over 
'water, or even perhaps over the respective ab¬ 
sorbent solutions. The I3uute Gas-hurette may 
be quoted as a typical example of this class of 
apparatus. Imagine a long cylindrical pipette 
gr^uated for gas-volumes and provided with a 
slop-cock at each end, and oombinable with a 
reservoir by means of a long india-rubber tube. 
To analyse, say, a chimney-gas, the burette is 
filled with the gas by displacement, and the 
reservoir, after having been filled with water, is 
attached below. By placing the re^rvoir at a 
certain convenient altitude, and temporarily 
opening the upper cock, a certain volume of tho 
gas is shut ofi at the pressure of one atmo¬ 
sphere. In order now to determine the carbonic 
aoidf we suck out the water by an ^ily ima¬ 


gined) auxiliary apparatus, and replaoe It by & 
solution of caustic ^tash, which is shaken witli 
the gas. The caustic potash is then sucked out, 
water is let in, the original pressure is re-estab¬ 
lished, and the residue is measured. In a similar 
manner, the oxygen is determined by absorption 
with alkaline pyrogallate.* 

Amalvsis bv the Method of Titbatioh. 

This branch of analysis comprises the appli¬ 
cations of what was described in a previous sec¬ 
tion as the titriinciric method of indirect weigh¬ 
ing. Tho method in any of its present forma 
is applicable only to such reactions as proceed 
readily in aqueous solutions; the reagents, ac¬ 
cordingly, are always used in the form of standard 
solutions {liqueurs titries), i.e. solutions the 
strengths of which are known in reference to 
the process under consideration. 

The amount of standard solution required in 
a titiationmaj be measured either by weight or 
by volume; in either case the moasurementof the 
solution is only an indirect mode of weighing 
the active agent contained in it. The gravimetric 
method is certainly susceptible of the higher 
degree of precision; yet the volumetric method 
is universally preferred, because it is by far tho 
more handy and expeditious of the two, and, if 
properly conducted, (with very few exceptions) 
does ample justice to even the best titrimetrio 
processes. 

The invention of volumetric analysis must 
be credited to Gay-Lussac. Long before him, it 
is true, Stirling enunciated the principle of the 
method, and Vauquclin and Dcscroizille used it 
for assaying commercial alkalis; but to Gay- 
Lussac undoubtedly belongs the credit of being 
the first to bring the method into an exact form, 
and to work out all its technicalities in the most 
masterly manner. Volumetric analysis was slow 
in progressing. Gay-Lussac’s more immediate 
successors, misled by his success in regard to 
silver, directed their attention almost exclusively 
to the translation of established gravimetric 
into volumetric methods; failing to see (what is 
now so obvious) that the number of reactions to 
which both methods are applicable must neces¬ 
sarily be very limited. 

Very little real progress was made until 
1856, when Bunsen, by introducing a new idea, 
gave a fresh impetus to investigation. Starting 
from the well-known reaction which takes plaoo 
when iodine solution is dropped into aqueous 
sulphurous acid (aud which Langlois bad 
already utilised for the determination of this 
substance), he established the conditions under 
which tho process takes the precise course indi¬ 
cated by the eq lation; and on the basis thus 
gained he developed exact methods, not only 
for the direct determination of these two bodies, 
but also for the indirect determination, by 
means of the same two solutions, of a who^ 

* Professor Winkler, of Freiberg, has made a speolol 
study of this branch of gns-analysls, and has written two 
excellent books on the subject: one of these has been 
translated into English by Professor Lunge. To these 
books and another we refer for further information. (1) 
Dr. Clemens Winkler, AnleUtnuj tur chemUehm Anet^Hf 
der Induitiie-Oau (Freiberg, Bngelhardt, 1876). (8) Aa 
abridged edition of the same by the author. Translated by 
Lange (Van Voorst, London). Also, Ifeue ifethoden tuf 
Anttlifte der Gnae, ron Walter Hempel (BnansQbwfltL 
Vleweg n. Bohn, 1880). 
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Ntte ol oxidising agiBU, lor trUeh so e^aiva* 
loot of iodine can be substituted by the purely 
gualitatiTe'execution of certain reactions. 

By this memorable research Tolnmetrio ana¬ 
lysis found its true sphere of action, as an in- 
raluable means lor the determination of generic 
radiolos, such as the active oxygen in peroxides, 
the loosely held chlorine in perchlorides, the 
replaceable hydrogen in acids, the oxygen or 
chlorine-equivalent of reducing agents; for a 
host of determinations, in short, which prac¬ 
tically lie outside the range of the gravimetric 
method. Where the two methods compete in 
the solution of the same problem, volumetric 
analysis generally offers the advantages of greater 
promptitude and facility of execution; it, indeed, 
stops where with gravimetric analysis the most 
difficult part of the work would begin. This 
advantage, however, is not an absolutely clear 
gain. The volumetric method, so to say, does 
not look at the body to bo determined, but, in a 
somewhat blindfolded way, only measures one 
of its chemical properties, which in no case 
appertains to that body only; hence errors are 
more likely to be overlooked, and are far more | 
difficult of subsequent correction, in volumetric, I 
than in gravimetric, analysis; for gravimetric | 
analysis furnishes the thing to be weighed in j 
the form of a definite compound, which can bo i 
examined for its parity, and, if necessary, be 
purified before it is weighed. A small amount 
of iron, nickel, zinc, Ac., which has escaped < 
precipitation may be searched for in the filtrate 
and recovered; any deficit or excess obtained 
in a titration is thrown away with the rest of 
the products. 

We have no space for a full history of our 
snbject; yet we must not forget to give credit 
to the late F. Mohr tor having contribut sd largely 
to the modern development of volumetric ana¬ 
lysis, by his criticisms of old, and his invention 
of new, methods; by the construction of tiseful 
apparatus; and last, not least, by the compila¬ 
tion (for the first time) of an original and com¬ 
prehensive handbook' on tlio subject. 

In now passing to the systematic exposition 
of our subject, wo will begin with a few remarks 
on the 

Graduated Glass Ueasnres 
whiob serve for the preparation of the standard 
solutions, and the necessary mcasarements of 
liquids generally. Volumetric analysis ol coarse 
involvds only comparative measurements; wo 
indeed never measure a standard solution other¬ 
wise than in relorenoo to itself; hence the unit 
of volume may not only bo chosen at pleasure, 
but need not bear any known, relation to the 
unit of weight. But the only correct mode of 
ganging a liquid measure is to determine the 
weight of water it holds (or delivers); hence lor 
tboM who are in the habit of using the gram as 
their unit of weight the most convenient unit of 
volume is the volume at (let us say) 15°C. of that 
mass of water whoso uncorrecUd weight in air is 


it ii tnw, is iha cubic cenUmetn, tut it b this 
only noi^sUy; the actual unit in almost ^1 
commercial‘cubic cenfimefre’ measures comes 
nearer to onr fluid gram than to the nominal 
unit. From what we have said, the reader will 
understand that if in the sequel we apeak of 
cubic centimetres^ or litres^ these terms mean 
only unit-volume, and 1000 unit-volumes, 
respectively, unless it is clear from the context 
that we moan to approximately define an abso¬ 
lute quantity, or to refer to the well-known 
relation between the litre and the kilogram. 

As all aqueous liquids wet glass, the mark 
on a litre flask, ikc., can be correct only in 
reference to a specified mode of reading. The 
best mode is this. Fiace the vessel so that its 
axis is vertical, and look at the meniscus hori¬ 
zontally with one eye. The meniscus then 
appearsas a flat oresccut-shapcd strip. The lower 
boundary of this strip is taken as the line of 
reference, and the real, orimaginary, mark on the 
graduation with whioti it coincides (visionally) is 
taken down as the reading of the liquid. The 
line referred to gains in sharpness of definition 
if it is observed in transmitted light, and a strip 
of black paper is fixed to the back of the measure 
about 2-3 mma. below the line. With only one 
of the customary standard solutions, namely 
the almost opaque solution of permanganate of 
potash used for iron titrations, this mode of 
reading does not work. In the case ol this liquid 
we must take the upper boundary of the mcnisous 
I as our reference mark; this upper boundary 
assumes its maximum definition if viewed in 
refieeted light, and with a white background (a 
piece of paper) immediately behind it. Any 
reading made in this exceptional manner is of 
! course subject to an obviofis correction, the 
i amount of which is ascertained by measuring the 
I height ol the meniscus of a transparent solution 
j in the same vessel. In most oases, however, 
the volume to be determined is tlio dillerence 
between two consecutive reailings, so that the 
correction in question becomes unnecessary. 

In a vessel which serves for measuring out a 
certain volume, the small quantity of liquid 
which permanently adheres to tho glass must bo 
allowed for by the maker, i.e. tho scale must bo 
constructed so as to include what would other¬ 
wise bo a necessary correction. In tho case of 
gra'brated pipettes this can of course bo done 
only on tho basis ol a conventional mode of 
emptying out, whicli, when once fixed upon, 
must bo rigorously adhered to. The thermio ex¬ 
pansion of glass may unhesitatingly bo neglootcd 
in the graduation of a titrimetrio measure. A 
glass flask which holds 1000 c.o. at IS^C., at 
15 ± 10° holds 1000 c.o. * 0-27 c.o.; i.e. only 553,jth 
more or less. Tho thermio expansion of the 
solutions measured is far more considerable, and 
cannot in all cases be neglected. We shall 
come back to this point in tlio next section. 

The ohemist now-a-days has no occasion to 
graduate his own burettes, litre-flasks, Ac., but 
ha should never use a set of instruments— 


call it the * fluid gram' In doing so we should 
not be guilty ol any innovation. The customary 
nnit with most chemists and instrument-makers, 


.. 1 itr ehemiKh-amlfllKhm TUrIrmt- 
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although they come from the most famous 
maker—without having first testeifthem. The 
following is the method to bo pursued. Passing 
from measure to measure, and with each measure 
from mark to mark, measure in or out the 
•ereral marked off volnmea ol pun water ol 




kt^wn ttmpeiatore, and det«tmma th«ii weights 
in grams. In the ossa of spparatas with a 
ronning-on scale, only every 10th or 20th mark 
need be checked in this manner, nnless there 
are visible irregularities in the graduation. 
After having thus gone through the whole sys¬ 
tem, reduce all the water-weights to the same 
temperature, say to IS^O. (i.s. from the observed 
weight of water of calculate the weight of 
water of 15° which fills the same space); divide 
each corrected weight by the corresponding 
nominal volume, to find the weight-value of the 
actual unit—and draw your conclusions. Sup¬ 
posing the several units agree fairly, select a 
suitable average value (not necessarily the mean, 
because the numbers are not all of the same 
weight mathematically) as the unit, and calcu¬ 
late the volumes corresponding to the several 
marks in terms of this adopted unit. The results 
ought, by theory, to agree with the respective 
nominal values, but in practice, of coarse, we 
cannot expect absolute coincidence. In a burette, 
for instance, which gives Jo.c.3 directly, we must 
tolerate ±0’1 c.c., and with the lower marks, 
even a little more. Whether the actual unit is, 
or is not, equal to the nominal is of no conse¬ 
quence ; yet, if it is not, it is obviously advisable 
to note down its value —in fluid grams or o.c.s 
—for future rcferenoe. 

To facilitate the calculations involved in 
such work as the graduation of instruments, 
the writer many years ago calculated the follow¬ 
ing table:— 

A mass of water, which, in air of t^O., and 
760 mm, pressure, balances a brass kilogram 
weight, at t°C. occupies (1000 + x) fluid grams => 
(1000 + ij) true cubic centimetres. 
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0-14 

1-76 
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1-51 
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1-89 

24 
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Preparation of Standard Solutions. 


In fixing upon the degree of eonoentratioi\for 
a specified standard solution, we may allow 
ourselves considerable latitude. As a rule the 
nature of the volumotrio process for which the 
solution is to be used may be left out of account; 
all we need look to is that the probable inherent 
error of the method corresponds to a di.stinctly 
visiblo difference of level in the burette; say to 
0‘1 or l)'2 0.0. according to the size of the ‘ c.c.’ 
With methods possessing a very high degree of 
inherent precision this rule would lead to an 
inconveniently dilate reagent. In such (rare) 
oases we help ourselves by supplementing a 
moderately dilute standard solution with a 
decunalsolution,meaning a solution prepared by 
diluting the reagent proper with water bo 10 times 
its volume. dThe decimal solution serves only 
to finish the titration which has already been 
almOBt completed by means of the standard 
solution proper. This system of course is a 
mere delusion unlese the stronger solution be 


m 

measured with at least 10 times the precision 
attained with the decimal one. 

The strength of any given solution ehould be 
so defined as to reduce the subsequent calcu¬ 
lations to their highest degree of simplicity. 
Supposing, for instance, wo have to deal with 
a standard sulphuric acid intended for the 
measurement of alkalis; evidently it would not 
be expedient to note down the number, n, of 
grams (or mgms.) of H^SO^ or SO, which is 
contained in each litre (or c.c.) of the reagent. 
As the number when calculated into KHO, 
NallO, NUjCO,, (&o. has always to be divided by 
SO,H..( = 98) or by JH,SO,( = 49), it is obviously 

better to calculate the value= t (as a decimal) 

and put down this t as the strength of the 
solution. Were the solution intended exclu¬ 
sively for the determination of soda, to be 
reported as Na,0, it would bo still better to 

calculato the value of = t', and note 

down the weight t' (of sodium monoxide) as the 
strength of the reagent. 

For the standardisation of a specified solu* 
tion wo have in general the choice between two 
metiiods; (1) a quantitatirelj exact synthesis; 
(2) an approximate synthesis, followed by an 
exact analysis. The first method may assume 
one of two forms; we either weigh out exactly 
80 much of the pure reagent, dissolve it in 
water, and dilute to, say, 1 litre; or else (if the 
pure reagent is not itself at hand) we analyse, 
say, a strong solution of the pure or impure 
reagent, by means of some very exact method, 
and synthesise directly on the basis of tMa 
determination. In regard to the second method, 
the first step of course is to procure an upjiToxi* 
mately correct solution. For example, let us 
assume wo wish to prepare a standard hydro¬ 
chloric acid containing exactly HCl = 36*5 grama 
per litre. An apology for such a solution might 
be obtained from the ordinary (pure) labora¬ 
tory acid, by determining its specific gravity, 
deducing the percentage, and synthesising oa 
the basis thus gained. In all such cases it is 
expedient to so allow for the uncertainty in the 
assumed percentage that the solution obtained 
! is sure to be stronger than intended. In 
accordance with the rule, let us assume the 
actual strength, as found by analysis, to be 
p, instead of tho intended strength ^>0 , and let 
jp > p^e Obviously our ‘ v ’ litres of rcaj^C^^ust 

bo diluted to to bring the strength down 

from p to Pffi tho liquid must not be diluted 

with t; (-£— 1) =1:' litres of water, because the 
Po 

two liquids when mixed would contract, and 
a little more than w litre, say (1 + e) w litre, of 
water would be necessary to bring up the volumo 
to the intended value, v. In practice, however, 
largo volumes (such as we assume our v and ? 
to be) cannot be measured with adequate pre¬ 
cision, so that the second (theoreticaUy faulty) 
method is generally the better of the two. It 
certainly is the better it the required oorreotion 

is only small; if for mstanoe (^—1) is some- 

jp# 

thing like O'OS or less. In such a case, if onl. 
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» u oJonUW b rnaunnd Mourately, the 
wnwted soltitiOQ will be as Dear the iDtended 
•w®ngth, as the gives solution was near its 
strength p. 

As an example, let us take^_1 • 0 03; 

10 litres; St) « i; 0'5 litre (which is a liberal 
allowance); and we have 

^ = *^±00016. 

Even in such a case it is duly prudent again 
to malyse the corrected solution, to see that 
no blunder has been made. Supposing (to 
return to the example) the number p had been 
tte result of three well-agreeing analyses, the 
intended value for p„ had been 37-00, and the 
analysis of the corrected solution had given for 
p, the value 36-84; the most probable value for 
the actual strength would be (3 x 37-0 + 36-84) +4. 

Turning back, let us now assume p„ >p. In 
this case our v litres of solution should bo reduced 
to £-0 litres, by elimination of (1 + e) (I _ » 

n. ^ 

* (1 + «) w Mitres of water. Even where evapora¬ 
tion would be permissible, it is better to com¬ 
pensate for the surplus water by addition of 
the substance which served to make the solu- 
tion. Supposing we had used s grams of sub¬ 
stance for every 1 litre of reagent produced. 

Clearly ■^s = s. grams is what ought to have 

^en taken One way then is to prepare some (say 

* ti‘re) of the solution by moans of the corrected 

metnoa and to determine its speciho gravity 
tous° reduce to weight; 

llitre of solution (p.) . . . - 1000 ir, grms. 
Weight of substance in it , , ■ j * 

Hence weight of the water. . u lOOO t - j 
Or every gram of water requires ‘ 

^ ** 1000 iTg—s of substance to be 

converted into solution of the intended strength 
J?. ; hence our t> x (1 _,)«, ^ kilos, of water require 

* * 1 . 'L""® of substance. All that wo 
need for the (Mloulation of (1 + .)«> is the speoifio 
gravity tr of the uncorrected solution. Obviously 

(l + f)ai = 1000(ir-ATj grams. In practice, 

Tito go to all this 

on the aTSove) to name a number of grams of 
substance, which if added to one litre of solu- 
tion would bring up the strength to a Uttle above 
?j'i- mcrease of volume involved in 

adding these grams of substa,ce is less than 

right, we calculate the correct mass of substance 


tended value wo may nueiy assume the stir, 
plus water per litre to be 1-P. litre, and add 

the exact weight, *, of subSanoo, whloh by 
calculation converts the small quantity of water 
into oorreot solution. The result (in the absenoa 
of blunders) will be quite oorreot oven if v was 
only approximately measured, because a very 
small volume of water added or withdrawn from 
the total of v litres would make the solution 
absolutely oorreot (apart from the error in p 
of course). One point remains to bo considered 
Supposing the strength of a solution at degreos 
18 Pa, what is the strength p, at degrees ? It 
would not do to calculate the correction from 
the expansion of pure water from to t,, because 
all standard solutions expand more largely than 
pure water does. A correct method is to deter¬ 
mine the speciac gravity (say the weight con- 
tamed in a narrow-necked 100 o.o. flask) of the 
solution at degrees and at f, degrees. Sup¬ 
posing the weight of it is » at f, and at t„ 
we have p, 

This correction of course is indicated only in 
the case of very exact methods. Butin their case 
it IS best altogether to eliminate the nnoertaintiea 
of volume-measurement by effecting the final 
standardisation by volume and by weight at the 
same time; by determining for instance at the 
same time the weight in grams and the volume 
in o.o.s of the quantity of standard nitrate of 
KCl ° ** required for the exact ppii. of 
(say) grms. of pure chloride of potassium. 


tor 1 + p litres, which is (1 + y) li ,, weigh out 

what this mass is more th^ the s grams 

Mlntion as given, and dilute to l + « litre by 
i^dition of water. If „ differs much from Z 

tion “lightly over-oorrcct the so^- 

tion, to determine the exact value, o', which the 

as totandod) to 

correct the strength, by dilution, as explained 
above. U p is only a little less thu the 


This need not hinder one in so adjusting the 
solution that the quantity r^erred to may for 
all ordinary purposes bo assumed to bo equal to 
100 C.O. For the purpose of a highly exact deter¬ 
mination, the bulk of reagent (e.g. AgNO^ solu¬ 
tion) required, after having been measured out. 
IS weighed into the (chloride) solution to bo 
analysed, and tho small excess of substance or 
reagent left is determined by volumetric titra- 
tion with decimal solutions.' 

The adjustment of on analytically standard- 
ised Mlution to an exact pro-determined 
strength is advisable only if the solution is 
permanent, and is meant to bo used very fre¬ 
quently, otherwise it is better to note down the 
strehgth as it is, and calculate from it. A solu¬ 
tion known to contain 1-023 x IICl grams pet 
litre is almost as convenient as one containing 
1 X HCl exactly. Because for one or two analyses 
we can well afford to calculate, say, the product 

1-023 X —and for a very long series of such 

determinations the value may be calculated ono6 
tor all and |ioted on tho label. 

On the Theory of Titration. 

Let A and s be two chemical species, which, 
when their solutions are mixed together, oom- 
bine with, or decompose, each other in some 
definite manner. Is the reaction available for 
the mutual voinmetrio measuremeht of a and n, 
or (let us rather say) for the measurement of a 

ChaUengw’ Memoir*, page i\ alio bit 
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at li may be if, andof easily naliaable oon- 
ditioos, it proceeds rapidly, and, if it is possible 
under these conditions to recognise the point of 
saturation with sufficient sharpness, ix. the 
point from which onwards an ad^tional drop of 
absolution does not produce a recognisable 
change. In some cases the point of saturation 
dednes itself naturally by coinciding with some 
sudden visible change, c.g. a change of colour. 
It does so, for instance, if the reaction is a double 
decomposition, a + h~c-¥d (where a, h, c, d, 
stand for definite relative quantities of the re¬ 
agents A or B, and the products o and n respec¬ 
tively), and if A (or b) is intensely coloured, 
while B, c, and n (or a, c, and d) are relatively 
colourless, or at least do not hinder the observa¬ 
tion of the colour of the last remnant of a, or a 
slight excess of b. 

Exaynphs: 1, Oxidation of ferrous salt (a), 
by permanganate (b), with formation of ferric 
salt (o), and manganous salt (n).—2. Decolourisa- 
tion of the intensely blue solution of cupric- 
ammonium salt (a), by the reducing action of 
(standard) cyanide of potassium (b), with for¬ 
mation of colourless double cyanide of copper 
and alkali metal (c), and cyanate and other salts 
of alkali (n). 

Sometimes when such colour-changes do not 
occur, they may be produced by addition to the 
solution to bo titrated of a suitable indicator* 
Thus: 1. Litmus solution may serve as an in¬ 
dicator in the volumetric neutralisation of acid 
by alkali (or vice ucrsd).—2. Iron-alum may 
serve as an indicator in the determination of 
silver (salt) by added sulphocyanide of ammo¬ 
nium, the red colour of Fe(NCS)j becomes 
permanent only when all the silver has been 
ppd. as AgNCS, and a slight excess of sulpho- 
cyanide has been added. The indicator in this 
case would evidently be of no use if it were not 
the case that Fe(NCS) 3 , which is produced 
locally from the first, is decomposed as readily 
and in the same way by silver salt as the alka¬ 
line sulphocyanide is. A similar remark applies 
to indicators generally. If an indicator, while 
otherwise trustworthy, fails only to fulfil tho 
condition stated above, it may still be available 
in the sense that, instead of adding it to the 
* A’-solution from the first, we may apply a 
little of it to drops of the mixture taken out at 
Buitablo stages in the process of the reaction. 
Thus, for instance, in the titration of phosphato 
(a), by uranic acetate (b), prussiate of potash 
may serve as a drop-reagent, because, al¬ 
though unavailable as an indicator proper, if 
added to a drop of the mixture it produces the 
red-brown colour of ferrocyanide of uranium 
only if the uranium is present as (an excess of) 
acetate; tho uranic phosphate is not decomposed 
by the prussiate. Tlie action of an indicator 
need not necessarily consist of a colour-reaction; 
a ppn. if sufficiently delicate, is as good in piin- 
ciple, though not as a rule in practice because 
the locally-formed characteristic pp. will not 
ffisappear so readily on stirring up as the colour 
of a (Ussolved product would. • 

If the reaction is a steadily progressing ppn. 
of the essential radicle <z in a by n, the end of 
the reaction of course coincides with the com¬ 
pletion of the ppn., the point when (sup¬ 
posing B to be added in successive drops) the last 


remnant of a has lost been thrown down by the 
nth drop of B|, so that the (91 ■¥ l)st drop fails to 
give a turbidity, for such reactions we need no 
indicator or drop-test, although such may be 
very convenient. 

As soon as we have found some means for 
recognising the end-point in our reaction with 
sufficient sharpness, we can decide the question 
as to its availability by preparing standard solu¬ 
tions of A and B respectively, and determining 
the ratio a : h corresponding to the end-point 
under a sufficient variety of conditions. In a 
first scries we work with the plain solution, 
but take care in one set of trials to begin with A 
and drop in b until the reaction is apparently 
completed; and in another set of trials we begin 
with B, pour in a slight excess of a, and then 
finish with b; this is done in order to see 
whether tho ratio a: 6 is independent of the 
mode of mixing. In a second scries, we add 
known, but varying, proportions of water. In a 
third series we add more or less (but always a 
known weight (x) of this or that body x which 
in tho practical application of the method would 
be likely (if not sure) to bo present, &c. From 
Series L and II. wo easily calculate the small 
excess of reagent b which must be added, per 
F c.c. of total mixture at the end, to produce a 
visible ond-reaction. We then calculate for 

each trial the value , and see 

▼a 

whether there is a practically sufficient and 
available area of experimental conditions within 
which the ratio a : 6 has a constant value. Or, 
what comes to the same thing, we take the mean 
of all tho Ks (let it bo « Rq), and see whether 
the values of as calculated by tho CQuaiion 
Vi,*sK„Va + iSF agree sufficiently with tno di¬ 
rectly observed values. Should this not be the 
case, tho process need not necessarily be given 
up as hopeless; it may still remain worth while 
to sec whether agreement between theory and 
practice cannot be established by adding a term 
c X to tho right side of the equation, where x 
stands for the weight of some subsidiary com¬ 
ponent X, and c is a positive or negative 
constant, whose value must of course be ex¬ 
perimentally ascertained. In such oases, how¬ 
ever, it is better to leave the chemical 
significance of Kg, $, and c, entirely on one side, 
and to calculate them as so many empirical 
coefficients from the sum-total of the results. A 
formula thus obtained is of course of uo prac¬ 
tical value unless A and c are so small that an 
approximate determination of r and x suffices 
for an exact calculation of the respective terms. 
As an illustration we may quote Liebig's method 
for the determination of urea (a), in presence of 
chloride of sodium (x), by means of standard 
mercuric nitrate (b) as a pptnt. of the urea, and 
carbonate 0 ! soda as a drop-test for excess of 
pptnt. The exact volume V/, of mercuric nitrate 
solution (t.e. weight of HgO) to reach the end¬ 
point for a given weight (a) of urea, varies with 
the dilution, f, and the weight x of salt present; 
but Vf, is' in sufficient accordance with equation 
V{,»aA-fi3F-i-cx, whose constants have been 
determined (virtually) by Liebig. 

Nothing said so far is based on the presumptios 
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ibfti to iexaot obemic&I theory lor to reaotioa 
between b and k is known. There are indeed 
a nomber of aseful volumetrio processes which 
arebased upon unexplained,or only ball-explained, 
oheznical reactions. Fehling’s method for the 
determination of glucose affords an illustration. 
If a dilute solution of glucose is dropped into a 
hot, strongly alkaline, solution of tartrate of 
copper (CuO) and potash, the CuO is reduced to 
fa pp. of) Cu^O, the blue colour of the solution 
aisappears, and the sugar suffers some unknown 
kind of oxidation. Yet the ratio between (say) 
dextrose oxidised and copper-oxide reduced, 
under specified conditions, is fairly constant, 
and the reaction is accordingly available for a 
fairly exact method for the determination of 
dextrose. 

The well-known process of Clark for the 
determination of the hardness of a water by 
means of standard soap might be quoted as 
another example. But such purely empirical 
processes, however useful they may be for this 
or that practical purpose, are of little import- 
Ahce as auxiliaries of exact analysis, which 
demands of a titration-process in the first 
instance that in any given case the question of 
its applicability can be decided a priori with 
at least a high degree of (if not with perfect) 
•certainty. And this is possible only if the 
process is based on a definite chemical equa¬ 
tion which gives a qualitatively and quantita¬ 
tively exact account of what is going on. 

From the fact, however, that some equation, 
•a + is in itself a correct theory of tho 
action of a on b as resulting in the products 
c and n, it docs not follow that tho equation is 
a sufficient theory of the corresponding process 
of titration. Because experience shows that, 
in general, ready-made c and i> when mixed 
together produce a and b in accordance with 
the inverse equation c + d = a + b. Hence 
supposing we start with a parts of a and add 
more and more of b, the end reaction is readied 
only when a part (say qn) of a is transformed 
at the expense of qb parts of b, wliile (1 - q) 
times (a-fb) are still prc.scnt in their original 
•condition. Generally, ^ is a continuous 
function of the c.xperimental variants (state 
•of dilution, temperature, &c.), and the transla- 
tability of the reaction into a titrimctric process 
ciepends on the possibility of finding a suilicient 
area of conditions within which q is, at least 
praitii^lly, equal to unity. 

If one of the products (c and n) separates 
out as an absolutely insoluole pp., or escapes 
as a gas, the reverse reaction docs not occur, 
and q becomes equal to unity; the apparent 
and-point is the real end-poii^ of the reaction, 
lienee we should think that ppns. (we mean 
cases w’here that radicle in a which is really tlie 
thing to be determined, by uniting with the 
essential radicle in b, separates out as a pp.), 
should be pre-eminently suitable for volumetric 
application. Experience, however, shows that 
the reverse is true. Because in the majority of 
cases the pp. carries down more or less of one 
or other of the other reagents or products, and 
«o disturbs tlio quantitative relations. Very 
often also a considerable excess of pptnt. is re¬ 
quired to produce complete ppn. within a reason- 
%!<.e time. Both diHiculties (for example) pre- 


mni tomsalves in to case 6f tot reootiaa, 
BaX + SO^B^oBpC-fBaSOt, which is solax!0»ljf 
used for the gravimetric determination orSO^ 
and of Ba. The irregularities referred to' can 
be set right (more or less easily) in the gravi¬ 
metric application of the reaction; to to 
volnmotric application they are absolutely fatal. 
Tho number of ppns., indeed, which afford a 
basis for correct volumetric processes is extremely 
limited. 

Certain classes of double decompositions and 
oxidations, in which reverse reactions are pre¬ 
vented by the great inherent stability of one of 
the products, arc admirably adapted to volu¬ 
metric processes. To give examples: 

Any strong acid, XH, when mixed pro¬ 
gressively with a solution of some strong base 
of the type KOH (ex. KHO,NaOH,Ba(OH)3), is 
ultimately converted into normal salt, XB, with 
formation of that highly stable substance water. 
The general reaction is XH + BOH ^ KX + HHO, 
and the end-point can in all cases be sharply 
defined by means of a few drops of neutral 
litmus-solution as an indicator. Hence any 
acid (or rather the ‘H’ in any acid) maybe 
accurately measured by means of a standard 
solution of, for instance, caustic potash; and 
any of the bodies BOH (or rather their *OH*) 
by means of a standard solution of (say) hydro¬ 
chloric acid. The latter method applies almost 
directly to the (soluble) carbonates, sulphides, 
cyanides, <&c., of the alkali metals. All the 
carbonates drc. referred to can be measured 
indirectly by the combined application of the 
two standard solutions: wo add first an excess 
of standard acid, and heat to expel the volatile 
acid (CO.^,H.^S, &o.), then colour with litmus, 
and titrate back with standard alkali, till the 
point of neutrality is exactly reached. By sub¬ 
stituting aurine (in alcoholic solution) lor 
litmus, the method becomes available also for 
magnesia (Torno); and by using nitric acid as 
the standard XH, we can determine even oxide 
of silver (Diltmar). 

What wo said of carbonates, drc., in refer¬ 
ence to tho metallic radicles, B, Imids tor the 
ammonium salts of our acids, XH. To determinei 
for instance, HCl or H^SO^, in the presence of 
ammonia (as tho only base), we need only add 
a known excess of standard alkali, expel the 
liberated ammonia by evaporation, then add 
litmus, super-saturate by standard acid, boil off 
the carbonic acid, titrate back with standard 
alkali until tho point of neutrality is exactly 
reached, and balance the equivalents of base 
and acid used as reagents, against each other ( 
the balance of base-equivalents measures the 
acid given for determination. 

That this method of acidimetry applies also 
to oases \^oro the base can be separated out 
by excess of standard alkali, as an aoid-froa 
pp., is obvious. Oxide of copper (given ai 
C11SO4 or other cuprio salt) fulfils this condi- 
uon in the sense at least that the acid ppd. at 
first as part of a basic salt, can be re-extraoted 
by boiling with excess of alkali.* 

e 

* Aiid other irrcgularitleflsuoh for instance the varia¬ 
bility of tlio ratio of suliibur to copper In ppd. tulphido of 
cupper. 

■ Wo will avail ounclvei of tblf opportunity lot 
raferriiig tosthe p>-oocss of fraotkmal i&tntion m oMnU Is 
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Tq pasB to tnofchdt dXazapIe.' Thecd ia a 
•tilea of radodng agents b, the solations of 
whioh, when mixed with a solution of iodine in 
iodide of potassium, are oxidised into products 
while the corresponding quantit7 of free 
io^e passes into iodide. 


For example :— 

I. SOj+HaO + l2=2m + SO, 
n, 3SARa + l2 = 2RI + SAKa 
III A8A + 2H,0 + 2I^=4HI + A8.,0. 
IV. SbA 2II.0 + 21,« 4HI + Sb,0. 
V. SnCl, + 2HCl + I,»2HI + SnCl 4 J 


in sola* 
tion. 


Each of these reactions takes its normal 
course only under certain conditions, wliich, 
however, in cases 1. to IV. at least, are easily 
established. All go on readily in the cold; and 
with ail, starch solution is a safe and delicate 
indicator of excess of freo iodine. Hence, to 
determine any of our reducers, u, wo bring it 
into solution in the proper manner, add starch 
solution, and then drop in iodino solution from 
the burette until the blue colour of iodide of 
starch, which appears locally from the first, 
becomes permanent on stirring. Supposing t 
C.C. of iodino solution to have been used, and one 
O.C. of it to contain t x 127 mgms. of free iodino, 
the weight of h is t t (i-SO„ S,0,* lAs,Oa» 
ISbA* ISnCy, as the case may be. Ry theory, 
anyone of our reducers might servo as a reagent 
for the measurement of free iodine; in practice 
sulphurous acid and alkaline thiosulpliate work 
best. 

According to Bunsen, sulphurous acid acts 
normally on iodine, if it is diiiuscd through at 
least 3,000 times its weight of (air-free) water. 
For the determination of free iodino ho uses an 
aqueous sulphurous acid diluted to the extent 
stated, in coml)in5,tioii with a standardised 
solution of iodino. The sulphurous acid is 
measured out by means of a glass-stoppcrcd 
cylinder (or a narrow necked flask with one 
mark on tlie neck) liolding some 100-200 c.c. 
To determine an uiikmnvii weight (x mgms.) of 
free iodine given as solution in HI or KI solu¬ 
tion, wo add the least number n of measures of 
the sulphurous acid water which suflices to 
decolourise the solution, then starch solution, and 
lastly, from the burette, standard iodine, until 
the blue colour becomes permanent after addition 
of, lot us say, t c.c. On the other hand, wo 
ascertain the number, 4 , of c.c.s of standard 
iodine required for 1 measure-full of the sulphur¬ 
ous acid. Obviously, x 127 = Xi-fr x 127 
(mgms. of I.;). Whence x = (nf^ “• f) r x 127. 

Bo far Bunsen had done no more than trans¬ 
late an old jirocess for determining BOj. into a 
precise method for determining iodine. His 
great merit was to see that, given a method 
for determining free iodine, we have an indirect 
method for the determination of any o£ the large 
number of oxidising agents for which a definite 
proportion of iodino can bo substituted by the 
purely qualitative execution of suitable reactions. 


oasos like that rcfcrrctl to. Instead of Altering off tho 
CuO pp., we allow the niixturo tu cool, dilute to a known 
volume, vc.o., Alter throuis'h a drif Alter, nud ulL'asuro off a 
known aliquot piWt of the littnitc, v c.o.. for the tltrat ton. 
If visBuAldentlylargc, tUoruluiiioof tho CuO need nut 
be taken into t^uount; supposing for instance vss&UOo.o. 
and the pp. of CuO anioants to 1 gin., tlie error Introduced 
by oeglcoting its volume amoiints certainly to no more 
than about 0*8 o.c., or O'OOl of the whole. 


Thus, tot i^tanoe, we may determine 
bromine, iodate K[0«, bromate BBrO„ hypo- 
ohlorite BOIO, ozone Og, by letting the respec¬ 
tive substance act on excess of iodide of 
potassium solution, acidifying with hydrochlorio 
acid, and then titrating the iodine liberated as 
above explained. 

From tho respective equations, wo see that 
Bfj, or Cy or ItClO, or 0,, liberates Ig; and 
that RlOg or RBrO, liberates Slj. 

The same x>rinciplo obviously applies to all 
those peroxides which, when distilled with excess 
of hydrochloric acki, liberate a definite proper- 
: tion of chlorine. As examples: MnO.O.t (when 
I distilled with HCl) yields a; x Clj of free chlorine, 

I which when passed into iodide of potassium 
solution liberates a; xl^ of iodine. Hence for every 

one I mgra. obtained, there was A x (MnO.Ox) 

mgms. of that peroxide of manganese. And 
similarly (to quote another case which is known 
to work) every CrO, mgm. of chromic trioxide, 
liberating 3 x Cl, ultimately yields 3x1 mgms. of 
iodino; or, in this case, every 1 x 1 mguis. cor¬ 
responds to iCrOa, or to J x KA-^O, if the CrO, 
Tvas present in this form. It is as well to men¬ 
tion that what the method in any case really 
determines is, not the respective species, bUv the 
L-yielding radicle; tho active oxygen in the 
MnO.Oj, or the Cr^Og.Oa, liClO; the Og in the 
KIO;,; the one 0 in Og, dc. 

The applicability of the general method, 
however, goes further. As ferrous chloride ia 
readily converted into ferric salt by free chlorine, 
wo can d( 5 torniino an unknown weight of ferroswii 
(ferrous iron) (given as FeCl., FeO, FeSO^, &c.) 
by distilling tlie respective substance with a 
woiglied excess of potassium dichromate and 
hydrochloric acid, and collecting the chlorine in 
iodide of potassium, &c. Biipposing we used 
k X K .CrgO, mgms. of this suit, tho chlorine 
furnished by it is G x k x Cl mgms., and, if tho 
iodine obtained at tlie end was (ufo —<)xtxI 
mgms., then OA; x Cl - (n/y—f)TCl must have 
boon used by tlie FeCL, and consequently, 
{C/c-(rt;o-t)Tj X (Fe = 5G mpis.) of ferrosum 
must have been present in tho substance 
analysed. ' 

Strictly siieaking, all volumetric methods are 
empirical methods, in this sense, that thc^-jada- 
mental chemical oquatiou is only an approximate 
theory of tlic process. Hence, unless we arc 
sure that the error in the equation, consilt^edaa 
a theory of titration, is less than the unavoid¬ 
able error involved in the operations, to attain 
tho highest possible degree of precision wo 
must staudardij,. our measuring reagent (if ■ 
possible) by means of a known weight of tho 
very thing (or radicle) to be determiuod, and. 
both in the standardisation and tho analyses wc 
must m.aintain as nearly as possible the same 
conditions. To illustrato this, let us assume w'b 
had to analyse a series of alkaline carbonates by 
means of a standard hydrochloric acid. Ppn. of 
a known volume of the reagent by nitrate of 
silver, and wcigliing the pp. of AgCl (or tho 
corresponding process of titration) would no 
doubt give the most exact result for tho number 
of mgms. of HCl contained in 1 c.c. of the reagent 
Yet it is better in our case to standardise (dif 
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add bj meana ol a known weight ot pore 
earbonate of soda, al^ough this method, as one 
lor the determination of HOI, could not for a 
moment be compared with either silver process 
in point of inherent precision. 

In now passing from generalities to the con- 
tidcration of individual methods, we shall 
confine ourselves in the main to those methods 
which are applicable to whole classes of bodies. 
Under the head of each wo shall briefly state 
what applies to it as a general method, b'or 
special applications of these methods, as for 
special methods generally, also in regard to 
technicalities, we must refer to the special hand¬ 
books.* 

I. Methods based on double decom¬ 
positions. 

Theoretically these processes are founded on 
eqnatioDs of the form 

ax-^by^ab-i-xy 

At Df 0, P, 

where a and b are the constant radicles charac¬ 
teristic of the process. Here we have to dis¬ 
tinguish between two cases:—I. o and n ranain 
dissolved. Only a very few processes fall into 
this group. As an example, we may quote 
Liebig's process for the titration of KOH by 
neutral nitrate of silver. Large excess of potash 
is added, the liquid is diluted largely, and, after 
addition of a little NaCl as indicator, stan¬ 
dard AgNO, (neutral) is dropped in until the 
cloud of AgCl becomes permanent, showing that 
the reaction 2 KNC+AgN 08 “KAg(NC )2 + KN 03 , 
has been just completed, n. The characteristic 
product comes down as a pp. Of these 
numerous processes, only those need now bo 
noticed in which, on account of the absence of 
an end-reaction, and of a suitable indicator, the 
end-point cannot be recognised otherwise than 
by proving quite directly that the ppn. has just 
reached its end. If the pp. settles readily, this 
can be done with comparative ease—in an 
obvious manner; but easily settling pps. are 
exceptional. It is more generally practicable to 
get the pp. to settle so far that it is possible to 
draw off a few drops of the clear top-stratum, 
and to examine them on a watch-glass by addi¬ 
tion of a drop of b, or of a solution of a, or of 
any delicate reagent for a or b. If this method 
does not work, the only coarse left is, from time 
to time, to take out a little of the mixture, filter 
it paper, and examine the filtrate. 

One way of doing this is to put a drop of the 
fluid on a small double filter-paper, and to ex¬ 
amine the lower filter by means of some reagent 
which strikes an intense colour with a or b as the 
case maybe. But such colour-^sts are not always 
available, so that ordinary filtration must gene¬ 
rally be resorted to. Each such filtration of course 
means a loss of a, and consequently ought to be 
done with a measured aliquot part of the whole, 
to enable one to allow for the loss by calculation. 
This, however, is apt to lead to errors; in prac¬ 
tice it is better in the first trial to neglect the 
error, and in a second and third practically 

‘ Molir'ft Lehrhuch chemUche^inalt/tUetten Tilrit'me- 
tkode; 2, Fleisicljer, Di/! Tittinwthode \ 3, Ploischer, 
TUHrm^hode, Kutflisli cilitloa VdlumelTic AmlysU, tiuns- 
Iftted by M. M. Pattlson Muir; 4, Button, Volumetric 
AncUyeU’t t, Itteseuius, (itointita/icc Amfyel4. 


j to avoid it by wuy a nw tmeg amt Uw 

end of the process, when the amount of an* 
ppd. A has become very small. In any case it is 
convenient to have a standard solntion of some 
reagent, ax', by means of which to retrace one's 
steps if an excess of pptnt. has been added. This 
auxiliary solution is l^st adjusted so that it pps. 
exactly its own volume of n. The method of 
procedure then assumes this form:—We add B, 
finally in small instalments of, say, 4 c.c. each, 
until by the last instalment the end-point has 
been over-stepped; we then go back with A-solu- 
tion, adding it in instalments of 2 c.c., until 
this reagent is in excess; we then again apply b 
in portions of I o.o., ifto., until we come to know 
that, 8a>, V 0.0. of b is too little, while v -I- 0'2 o.o. 
is an excess; or that (v-tO-I o.o.) ±0-1 c.c. may 
be adopted as the final result. 

01 the vast number of precipitation-anahjses 
which have been invented, only those founded 
upon mutual decomposition of solutions of 
Silver salts and haloids occupy the rank 
of precise methods. If (dissolved) chloride and 
(dissolved) silver-salt meet in a nentral or acid 
solution the whole of the potential chloride of 
silver is formed, and comes down as a pp. aa 
demanded by the equation, 

ECU AgNO,=AgCU ENO,. 

Upon this, and the fact that the AgCl (if suffi¬ 
ciently abundant) readily unites on shaking Into 
a quickly settling pp., Oay-Lussac long ago 
founded his famous process for the determina¬ 
tion of silver by standard NaCl solution, which 
process is directly translatable into an equally 
exact process for the determination of chloride by 
standard silver. The equation, however, is not 
an absolutely correct theory of either process, 
Gay-Lussac observed that if (he silver nitrate and 
the .sodium chloride are exactly balanced against 
each other, the clarified mixture gives a distinct 
cloud with either reagent. Hence to exactly 
complete the ppn. of (say) AgNO, mgms. by salt, 
we must add, not NaCl, but a trifie more, call it 
(1 s- a)NaCl mgms. And similarly, the complete 
ppn. of NaCl mgms. demands (l-n3)AgN0, 
mgms. The exact values of a and $ vary with 
the experimental conditions, and are not sus¬ 
ceptible of separate determination. Hence to 
determine an unknown weight, a: x Ag mgms. of 
silver (if we do not caro to neglect the correcting 
factors), all we can do is: (1) to add standard 
chloride solution—at last in very small instal¬ 
ments, corresponding to say 0 02 mgms. of silver 
each—until the ppn. is exactly completed by, 
say, nxECl mgms. as calculated from the 
strength of the solution, and the quantity used. 
We then (2) titrate back with (very dilute) ctan- 
dard silver until the last drop no longer gives 
a cloud of AgCl, which will take, say, «x Ag 
mgms. The mixture now is (practically) in the 
same oonfiition as if no silver had been added 
bat the chloride diminished by e x ECl mgms. 

Obviously the truth lies between x=-n and 

e-ji-f, and we may say x-={n —1) 

Or, ta put it somewhat differently; we have 

2a! = 2»+(j0-a)» —. . . S , , 

and a)-<. , , , , ,11, 

If wn knew that a-id, we should have «-» - -L 
exactly. * 







Afloording ta Mu!<ler» il the eilrer, oalooUted 
M metal, amounts to about 1 gram, and is 
diffused throughout some 120 to 150 o.o. ol 
mixture {a + $)^ 0*001, about.* The explanation 
given in regard to chlorides holds substantially 
for bromides, iodides, cyanides (NCB); sulpho- 
oyanides (perhaps also for cobaltooyanides, and 
some other metallo-cyanides); in the case of 
bromides, however, the numbers a and are 
practically equal to nil (Stas), AgUr being oven 
more insoluble in HNO3 and KNOy &c. solu* 
tions than AgCl is; hence we may surmise that 
the (a + 0) for iodide is still nearer to nothing. 
The cases of NC.li and NCS.It have not been 
investigated in this sense. Presumably the | 
(a + 0) for cyanide is greater than, and that for 
(NGsjli is about equal to, tho value for chlo¬ 
rides. 

Given (let us say) an alloy for which tho 
percentage of silver is approximately known (say , 
to db 0*5 p.c.); the exact determination of the 
noble metal by titration with standard chloride 
(e.g, NaCl) solution offers no difficulty; but with 
an alloy &c. of utterly unknown composition 
the process even in practised hands is apt to be 
tedious. Practical assayers, indeed, never apply 
Gay-Lussac’s method without having first made 
a preliminary assay by the old method ofoupel- 
lation. Volhard, some years ago, invented a 
modiffcation of Gay-Lussac’s method, which, 
with a small number of samples at least, is 
quicker even than cupcllation, and, in all cases, 
is more accurate. He dissolves a known weight 
(equal to presumably 0*5 grm. of silver) in nitric 
acid, dilutes moderately, boils off all the N.P;,, 
adds 5 c.c. of saturated iron-alum solution, and 
then drops in standard sulphocyanide of potas¬ 
sium (or ammonium) until the red colour of 
Fe(NCS)a becomes permanent. (The largo quan¬ 
tity of indicator prescribed is necessary, or else 
the end-reaction lacks delicacy.) For the deter¬ 
mination of chlorine (given as ECl), Volhard 
pps. the chlorine first by an excess of standard 
silver, ho then adds iron-alum, and (without re¬ 
moving the AgCl^) titrates back with KNCSAq 
until the end-point is reached. 

A very handy (but less exact and less widely 
applicable) method, introduced by Mohr, may 
here be referred to. He brings the chloride into 
neutral or very feebly alkaline solution, and, after | 
adding a few drops of yellow chromate of potas¬ 
sium, titrates with neutral silver nitrate until 
tho red colour of tho Ag.jCr04 becomes perma¬ 
nent. The method, if used as an empirical one, 
gives very good results. | 

Stanoaiu) Substances and Solutions. I 

1. Stowdardsifucr.—Beat prepared by Stas’s* 
process (precipitation of a cupriferous am- 
Rioniucal solution of nitrate by added alkaline 
ammonium sulphite). Tho ppd. metal, after 
having been washed, first with ammonia in the 

* Our impreasion is that Mulder oror-cstimatcd the 
vulue. 

* Tlie writer finds that high precision can bn readied 
only by removing the AgOI pp. before titrating book with 
KXeS. (See Dlttmar's Report on the Composition of Octtin 
W'rtrt/*, p. 4. [‘Cipdlonger ’ Memoirs.] Also his Kxerciset 
in QuantUativo AnaitfsU, section on Sea-teater.) 

* It-cherches sur les rapports Heiproques des poids afo~ 
mt^ues (Bruxelles, I860); and Nourclles Reeherehrs, dsc, 
(Bruxelles, 1666), or German translation of both works 
Arousteiu (LeipBig, 1667X 


present of air, then irith water, is lieated to red¬ 
ness, when it becomes semi-compact. It is then 
broken up in a mortar into granules, again 
heated, and preserved in this form. There is no 
need of going to the trouble of fusing the metal, 
provided it is proved to bo free from every trace 
of chloride. 

2. Standard chloride,—Vxxx& chloride of 
sodium is universally recommended. The 
writer prefers pure KOI prepared by strongly 
heating re-crystallised perchlorate. The per¬ 
chlorate is dcoxygonatod as far as convenient in 
a platinum basin, and then fully by fusion in 
a platinum crucible. The fused salt is quite 
neutral; yet for very precise work it is perhaps 
better to dissolvo the fused salt in water, add 
hydrochloric acid, evaporate to dryness (in pla¬ 
tinum), and keep the residue at a tomporatuie 
just short of the fusing point until the weight iff 
constant. 

3. Standard solutions of 1 ayid 2.—Both can 
be standardised synthetically, on tho basis of 
Stas’ atomic weights; for general purposes 

^ and grms. per litre are convenient 

strengths. For exact work the solutions are 
combined with centinonnal solutions, containing 

m 166 

4. Pure bromide of potassium^ and standard 

KBt 

solution (-j^ grms. per litre) of tho same for 


very precise determinations of silver. Begarding 
the preparation of the pure salt, see Stas’s 
Memoir. 

6. Standard sulphocyanide. — About A 
NCS.NH4 grms. of the pure (chlorine-free) 
ammonium salt is dissolved to 1 litre, and the 
exact strength is determined empirically by 
means of a known weight ol silver dissolved as 
nitrate. 


U. Methods based on saturations, 
that is, reactions of the type 

XH+KOH = HOn + XR; 
regarding these, w'o have little to add to what 
was given under Theory of Titratum {q. v,). For 
XH = NO,H, 4SO4H,, CiH,HC10., and other strong 
acids (including oxalic and formic) on tho one 
hand, and B«K,Na, generally, and for 
B= 4 (Ba, Sr, Ca) as long as no insoluble salt is 
produced, on the other, the equation is a strictly 
correct theory of tho process. For phosohorie 
acid, HX must be taken as reiiiSi^^fing 
^U2(Qr04), BHO being an alkali, bub even 
then the results are not very constant. For 
weaker acids, such as acetic, butyric, &c., the 
method is purely •empirical. An approximation 
to a standard acetic acid is obtained by measuring 
off a known volum'^ of standard sulphuric acid, 
and adding say two equivalents of perfectly 
neutral acetate of soda. In determinations of 
ammonia it is as well not to assume that NH 4 OH 
is an absolutely exact equivalent for KOH or 
NaOH. 


Btandaiu) Substances and Solutions. 

1. Pure carbonate of sodium, as a general 
standard alkali. Prepared from pure bicarbonate 
(recryotallised as such) by strongly heating in 
platinum. The salt must not be Lsed for da* 



hydtbuuoi w ww a losas Mtkt. 

obtftia ft really porOf and especially ft potash- 
free, salty the best method is to add pare oxaHc 
acid to a decided excess of solntion of the purest 
obtainable carbonate of soda, to collect the pp. 
of CjO^NAj formed, to wash it by displacement 
and to reduce it to NajCOj by heating strongly 
(W.D.). 

2. Oxalic acid, + 21120, recom¬ 

mended by Mohr as a general standard acid. 
See that the preparation is free from fixed matter 
U.g. potassium salts). If not, recrystallise it, 
from hot 10 p.c. HCl, repeatedly, and lastly from j 
water (Stolba). The carefully air-dried crystals I 
have the correct composition. We prefer a hydro-1 
chloric acid, standardised by silver, for general 
purposes. 

3. Solution of stamlard ac/d.—-Sulphuric 
works best for alkalis; liydrocliloric is prefer¬ 
able for general purposes. The latter may be 
standardised by means of silver; either acid 
by means of a known weight of carbonate of 
soda,^ with standard alkali as an auxiliary re¬ 
agent. Thorpe recommends for the standardisa¬ 
tion of SO^n,, to add a known (excessive) weight 
of Ns^CO,, to evaporate to dryness, heat, and 
weigh the residue. As every NaXO, grms. in 
passinginto Na^SO^, gains (SO4 - COajgnns., every 

1 grm. of gain of weight corresponds to — 


so^-co, 

grnis. of sulphuric anhydride. (I have tested 
this method, and found it to give very good re¬ 
sults.—W, D.) 

4. Solutio7i of standard aVcali.—CaiiBtic 
potash or caustic soda for general purposes. 
The reagent must be as free as possible from 
carbonate. The preparation known as potash 
mirifed by alcohol almost fulfils this condition. 
The best method is to causticise an almost 
carbonic acid free (dilute) ley with a slight 
excess of baryta in a nickel vessel; allow to 
settle, and preserve in a bottle provided with a 
protection-tube filled with granulated soda-lime, 
or baryta, Ba(OH)2, The trace of dissolved 
BaO disposes of traces of CO^ that find their 
way into the reagent while being preserved. 
4B0H grms. per litre is a convenient strength. 
It is standardised empirically against measured 
•tandard acid. 

6. Standard banfta water containing about 
iBa(0H)2 grms. per litre is used for special pur¬ 
poses, e.g. determination of free or liberated 
PM stronger reagent is apt to deposit crys¬ 
tals in cold weather. It is standardised em¬ 
pirically against standard hydrochloric acid. In 
the absence of sulphates, baryta water is the 
best standard alkali for all purposes. 

III. Methods based «po» processes of 
oxidation and reduction, 

(As illustrated in Theory of Titration, by 
reference to Bunsen's methods.) 

I. Iodine (solution of I in RI) as oxidant 
is available for the measurement of the follow¬ 
ing reducers 

1. Dissolved sulphurous add acts normally 
tinder the conditions stated under Theory of 
Titration. 

* Ppn. with BaOl, and weighing the BaSO* Ii not a 
exact method for the BtanUordisatkin of a lalphnric 


2. DUsohid at^l {to 

absence of excess of aUc^^ even carbonate ir 
not permissible) acts ncrm^lj at any state of 
concentration which one could reasonably 
employ. In the presence of acid the reaction 
takes its normal coarse only if the solution is 
sulhcicntly diluted, and the H^S^O, has no time 
to decompose spontaneously. In practice, how¬ 
ever, this spontaneous decomposition is out of 
court, because, in all cases in which free acid is 
present, it forms part of the iodine solution, and 
the thiosulphate plays the part of reagent, so 
that the liberated passes at once into 

which is sufficiently stable. Free sul¬ 
phuric acid in any quantity must be avoided 
{v. supra) ; free hydrochloric acid in moderate 
quantity docs no harm, if the given iodine solu¬ 
tion is diluted to about of the strength of 
the customary standard solution. 

3. Alkaline arsenite. The reaction proceeds 
(not as promptly as those of 1 and 2, but) in a 
fair degree normally, provided there is enough of 
pure carbonate or bicarbonate of alkali to keep 
up an alkaline reaction to the end (Mohr). The 
best auxiliary alkali to add is scsqui-carbonate of 
ammonia; it docs not decolourise iodide of starch, 
to anything like the (slight) extent to which 
NaXOj does (Mohr; later communication). 

4. Alkaline anlimonitc, or rather Sb^Oj 
given as tartar emetic or in similar forms, is 
oxidised by iodine just as As^Oj is (Mohr). 
Results fair. 

{>. Slayinous chloride. The execution of the 
process (SnCl2 + 2HCl + I.-21il4 SuCl^) offers 
no difficulty, and added starch solution define? 
the end-point sharply; but the results are very 
variable and inexact. 

G. Sulphuretted hydrogen IIJS (in much air- 
free water) with iodine I’eaels substantially 
thus:—l2-f-H2S = 2IlI-f-S. Eesults are only 
approxinmlc, yet the method is of some value 
for determining small quantities of H2S inmucli 
water. 

II. Iodine in combination with reducers 

for general purposes. 

Only the combinations L and 112803, and I, 
and Na2S203 are used now-a-days. Discussion 
anticipated in section on Theory of Titration, 

III. Permanganate of potassium, as an 

, oxidant, 

measures the following reducers directly, and in 
all cases the intense colour of the reagent mark? 
the end-point with great sharpness. 

1. Ferrosum. A dilute, strongly acid, solution 
of ferrous sulphate, when titrated with solution 
of permanganate, is promptly oxidised into 
ferric salt with formation of MnO-salt from the 
reagent (Marguerite). 

Gond^ions of success:—a, large dilution; 1 
litre of solution should contain at most I gram 
of metallic iron; b, a sufficiency of free sulphuric 
acid, more than the equation demands, or else 
MnOj may separate out as a pp.; c, absence of 
hydrochloric acid (and chlorides generally), or 
else part of the reagent is reduced by it with 
formation of Cl^. According to Zimmerman, 
however, this by-reaction can be prevented by 
addition of manganous sulphate to the ferrosum 
solution. 4 grams of the salt MnSOi+dEaOi 
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suffice per 60 0 . 0 . ot 20 p.o; HC2 used tot dia- 
solriog ilie respective iron compound. 

Iron given as ferric salt may be reduced to 
ferrous salt, by (1) treatment with H,S; (2) pro* 
longed treatment in a worm solution with Na-^SO, 
and HCl (works better with chloride tlian with 
sulphate solution)—in either caso the excess of 
reducer must of course bo expelled by ebullition 
~(B) zinc and acid; handy, but not so trust* 
worthy as (1) or (2). 

2. Oxalic acid. A strongly sulphuric solu¬ 
tion of this acid is oxidised by the reagent into 
carbon dioxide and water (Hempcl). The re¬ 
action at first proceeds very sluggishly, but 
then more and more promptly, as the quantity 
of MnSO^ produced increases, Uence the ex¬ 
pediency of adding MnSO^ from the first (Do 
Koninck). Whether hydrochloric acid interferes 
with this reaction as with the preceding ono 
(whether, for instance, it is permissible to dis¬ 
solve oxalate of lime given for the determina¬ 
tion of its oxalic acid in hydrochloric acid before 
titrating) has not yet been determined. 

3. Arseiiions acid. Arsenious acid in strongly 
hydrochloric solutions is oxidised by permanga¬ 
nate into arsenic acid, but part of the manganese 
separates out as MnO^ (Kessler), 

4. Anfimoniotis acid as SbCiy, in a solution 
which contains not less than 1-2 volumes of 
hydrochloric acid for 5 of water, is readily and 
completely oxidised into SiiPj. The reaction is 
available quantitatively, [(3) and (4), Kessler, 

1803. C83)]. 

6. Sidphurow acid is readily oxidised into 
sulphuric; not investigated quantitatively, as far 
as we know. 

C. Peroxide of hydrogen. In the presence 
of water and dilute sulphurio acid, the mutual 
reduction • 

51L0.0 + Mn,0,=»5n,0 v 2MnO + 50^ 
proceeds normally and promptly. 

7. Nitrous acM (liberated from nitrite by 
HjjSO^ in very dilute solutions) is oxidised by 
permanganate to nitric acid. Results, under 
certain conditions, fair. 

8. Cn.,0 (ppd.) dissolved in acid iron alum, 
is oxidised roatiily, and fairly normally, to 2CnO. 

IV. Combined application of permanga¬ 
nate and reducing agents. 

A. i'crrosxim as reducer. 

The higher oxides of manganese, wlyjn 
digested witJx HCl or dilute and excess of 
ferrous salt, are readily dissolved as MnO-salt, 
with formation of a quantity of ferricum pro¬ 
portional to the loosely held oxygon in the per¬ 
oxide. In the absence of atmospheric oxygen, 
i.e. in an atmosphere of COj, the reaction takes 
its normal course, and becomes available for an 
obvious remainder-method for the determination 
of such oxygen. No doubt available for other 
peroxides. 

Upon the ready action of alkaline permanga¬ 
nate on the sulphides, sulpliites, thiosulphates, 
iodides, arsenites, formates, of K or Na, with 
formation of sulphate, iodate, arsenate, carbonate, 
respectively (and hydrated binoxide cd manga¬ 
nese), r^an ae*St. Gillos {A. Ch. [3] 65, 874), 
has founded a general method for the determina¬ 
tion of the respective acids by means of a 
standard solution of permanganate, and an 
VoL. I. • 


aoxiliary solution of fenous salphate. After 
having carried out the required oxidation by 
means of excess of permanganate and a suffioi* 
onoy of caustic potash, the mixture is acidified, 
the MnO;j and surplus reduced by addition 
of, first, acid, and then excess of ferrous solution, 
and finally the surplus ferrosum is titrated by 
addition of more of the permanganate solution. 

B. Oxalic Acid as reducer. 

Any higher oxide of manganese, MnO.Ojj^ 
when digested with excess of oxalic acid and 
sulphuric acid, is dissolved as MnSO„ with 
formation of CO^ from the reagent. The oxalic 
acid is used as a standard solution, and what 
remains over after the oxidation is determined 
volumetrically by permanganate. (Calcium oxa¬ 
late may separate out as a pp.) 

V. Chromic acid (in practice a solution 

of K^Cr^O;) as oxidant 
is available for the direct titration of the follow¬ 
ing reducers: 

1. Ferrostm. Ferrous sulpliate or chloride, 
in the presence of free acid, is readily and com¬ 
pletely oxidised by added biohroniale solution. 
The latter may bo standardised synthetically (or 
analytically by means of a known weight of dis¬ 
solved fen'osurn). The end point is recognised 
by means of ferricyanide as a drop-test. The 
results arc in exact accordance with the chemi¬ 
cal equation, oven in the caso of hydrochloric 
solutions (Penny; Schabus). An unknown 
weight of CrOj can bo determined with equal 
exactitude by adding a known excessive weight 
of ferrosum (as sulphate) to the previously 
acidified solution, and titrating back with bi¬ 
chromate solution. 

The combination and ferrous salt 

is equivalent to that of Mn.p,IC.,0 and the same- 
reducer. It is available likewise for the deter¬ 
mination of S.s..O.^ and Sb^Oj in strongly hydro¬ 
chloric solutions. The solution is mixed with 
a (measured) excess of bichromate solution, and^ 
the mixture allowed to stand to give the-oxi¬ 
dation time for completion; a known excessive 
quantity of ferrosum is then added, and its ex¬ 
cess is titrated by means of bichromate (Kessler), 

2. Sulphurous acid, Sulphuretted hydrogen, 
Slantwus chloride, in mineral ^icid solutions, 
aro readily oxidised by CrOj into SO^, S hHaO, 
SiiCl^, rc.spectively, and in all cases iodide of 
potassium and starch afford a seiisitive indi¬ 
cator of excess of oxidant, which sharply defines 
the apparent end-point of the pi’ocess. Rut, 
unfortunately, the corresponding ratio of the re¬ 
agents in no case coincides with that demanded 
by the respective equations, nor is it even con¬ 
stant in itself. r arios according to the degree 
of dilution, the proportion of free acid, the 
quantity of absorbed air in the reagents, &o., in 
a manner which defies all calculation (Kessler. 
Mohr, Cassclman). 

VI. Ferric chloride, in oombination 

with Stannous chloride. 

The oxidation of an acid solution of SnCl^ by 
added ferric chloride proceeds very readily when 
the liquid is hot, and in fair accordance with 
the equation: 

SnClj -h Fe,CI,« SnOl^ + 2Fe01, ; 
but the dissolved air of the reagents is drawn 

a 




into tbs oxidation, and the retialte are oonse- 
^Uentlr lire^ar. If however (abeordiog to 
eenias) we stait with s hot, strongly acid, solution 
of ferric chloride, and at a nearly boiling tem¬ 
perature drop in stannous chloride, the process 
proceeds exactly as described by the equation, 
and the disappearance of the last trace of tlie 
yellow colour of the ferric salt defines tho end¬ 
point very sharply. In case of doubt, add a 
slight excess of SnCL^, allow to coolf ad«l starch, 
and titrate with iodine solution to determine 
(he excess of SnCl^, end allow for it. According 
to the writer’s experience the whole of these 
operations must be done in an atmo.sphere of 
CO.^, clsu tlie results arc not exact. I’rescnius 
utilises the process for the determination of 
nitric acid. Tho nitrate to be analysed is 
allowed to react with an e.xcess of ferrous sul¬ 
phate, strongly acidified by ffCl, in an atmo¬ 
sphere of H or 00-2 first cold, then hot; the NO 
is boiled otT, and the fcrricura j)roduced is de¬ 
termined by means of standard SnCl^. Tlie 
ferricum present as an impurity in the ferrous 
salt is determined by a blank experiment, and 
is allowed for: CxFe of ferricum produced, 
indicate I x N.,Oj of nitric anhydride. 

SxANnAni> Substances and Solutions, tor thb 
Pk()ci:8se 8 or Oxidation nKEERRED to. 

1. Pure iodine is best made by Stas’s 
metliod. Ordinary iodine is dissolved in the 
minimum of a highly concentrated solution of 
iodide of potassium, and re-ppd. as far as pos¬ 
sible by dilution with water. Tho pp. is 
washed, dried first on a porous tile, then over 
CaN/)^. Tlio dry product is distilled (or the 
small quantify needed for an experiment 
sublimed extempore betweenwatch-glas:>os), the 
first instalments of vapour being rejected on 
account of possible contamination with water. 
From such iodine 

2. A standard iodine solution might easily 
be made by exact synthesis. But it is more eco¬ 
nomical and less troublesome to prepare this 
solution by approximate synthesis from ordi¬ 
nary good iodine (5 grams of dissolved in 
10 grams of IK and 10-20 c.c. of water in a 
mortar, and diluted to 1 litre, gives a solution 
of convenient strength); and to determine the 
exact strength by comparison with a known 
weight of pure iodine, by means of a thiosul¬ 
phate solution of arbitrary strength. Supposing 
p mgms. of pure iodine weighed directly, and 
dissolved in IK solution, require ^ c.c. of thio- 
sulph^V for their deoolourisation, while n c.c. 
of the iodine-solution require ( c.c.; then 1 c.c, 
of thiosulphate is equivalent on the one hand to 

^ mgms. of iodine, and on tiv'-other to ^ c.o. of 

t 

iodine-solution. Hence 1 o.o. of tho latter 
contains (-—x I( = 127) mgms. of pure 
iodine. 

3. Thiosulphate solution. — Made by dis¬ 
solving 10 grnis. of tho pure salt, Na-^S^^O,.611^0, 
in water, to 1 litre. It decolourises about its 
own volume of the above iodine-solution. The 
strength is determined empirically by means of 
the latter. 

4. Arsmious acid. —Pure As^Oc is to be had 
in commerce; but the best qualities even art 
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powder is not hygrosooplo. 

6. Anmite gnns. - 
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powdered As^Oj along with 11 grms. of p 
Na-^CO, (a 30 grms. of crystals, Na^CO,+lOH, 
are dissolved in a slanting litre flask in wat 
over a water-bath; after cooling, the liquid 
diluted to 1 litre. 1 c.c. « 01 x ‘I,’ ‘01,* d 
mgms. [This solution, as a reagent, may ser 
for the direct titration of dissolved hyp 
chlorite ~ 2BC10 + As^j = 2RC1 + ASaOj. Ti 
end-point is recognised by means of iodide 
potassium and starch paper; a drop of tl 
mixture when placed on the paper produces 
blue stain only as long as the BCIO is in exoes 
(r^uot)]. 

0. Standard ferrosum. —Fine pianoforte wii 
is sure not to contain more than 0*4 p.o. c 
imp\irilies, and consequently may be assume* 
to represent 0*098 ±0*002 times its weight o 
real iron. A known weight is dissolved in IIC 
or dilute in the absence of air, &c. Mon 

convenient is 

Forous sulp1iat6.^1?GSO^.W.jO, ppd. from 
a pure, hot, concentrated, acid solution, by 
alcohol. The ppd. salt is washed with alcohol, 
dried on bibulous pai)er, and finally by exposure 
to the ‘dry’ air of a room. The dried salt is 
sifted to remove lumps, again exposed to the 
air for a while, and bottled up for use. The 
exact percentage of iron is determined by 
strongly heating a known weight in a platinum 
cruciblo--at tho end in the presence of air— 
until the weight is constant, and weighing the 
Fe^jO,. This old preparation of Otto, accord¬ 
ing to the writer’s experience, has a higher 
degree of stability in air than Mohr’s salt 

7. standard oxalic <wid.—The crystallised, 
normal, ammonium salt is tho best standard 
oxalate for processes in which it serves as a 
reducing agent. If air-dry, it has exactly the 
composition C.04(NH^)2 + Hj,0 = 112. 

8. Standard permanganate of xiotassium ,— 
An almost pure salt is to bo had in commerce. 
Yet it is not i)uro enough to serve as a standard 
substance in it.iolf. A convenient solution is 
obtained by dissolving a little more than 3*10 
grms. (=6*6 grms. of ferrosum) in water, in a 
mortar, and diluting to 1 litre. The solution is 
st^andardised by moans of a known weight of 
ferrosum or oxalate of ammonium, according to 
the object which it is meant to servo. 

9. Bichro^nate of potassium.— The 
pure salt is not dltlicuU to obtain; but it is not 
easy to prove that it contains exactly 2Gr09 for 
IK^O. Besides, tho uncertainty of the atomio 
weight of chromium is a difliculty. To prepare 
the salt for use, it is powdered and dehydrated 
by keepmg it near its fuain^-point for a time 
in a platinum basin. It is then fused at 
the lowest temperature, and allowed to solidify, 
when it breaks up spontaneously into small 
granular fragments, and thus assumes a con¬ 
venient form for weighing. 

10. Standard solution of bichromate of potas* 

5ium.-~A convenient concentration is 

4*92 gms. per litre. It may be etandardited 
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0;piihatioalty; bui for f>he reasons stated it Is 
oik . the whole preferable to standardise the 
eolation anaiytioally by means of a known 
weight of dissolved ferrosnm. 

11. Staitdard ferric chloride.-^'Paro ferric 
oxide is prepared by strongly heating ferrous 
oxalate. It is dissolved, by prolonged digestion, 
in fuming HCl, and the solution is diluted to 

the right volume. grms. per litre is a 

eonvenicnt strength. 

12. Stannous chloride (for No. 11). Pure 

granulated tin (approximately weighed) is 
boiled with pure HCl until a sufficiency of the 
metal is dissolved. The residual metal is 
weighed, to ascertain how much has passed 
into solution. For every 3 grma. of dissolved tin, 
the solution is diluted -with air-free water -to 1 
litre. The solution decolorises about J its volume 
of the iron solution, which latter serves for its 
standardisation. Tiiis solution is so prone to 
oxidise in the air that it must be rcstandard* 
ised expressly for each analysis. W. 1), 

ANALYSIS, OB-OANIC. Ultimate organic 
analysis is tlie determination of the elements 
present in an organic substance. Proximate 
organic analysis is the determination of the 
compounds present in a mixture, or of the 
radicles present in a compound. 

Ultimate Analysis. 

(Qualitative. 

Carbon, If a substance blackens when it 
is heated cither alone or with sulphuric acid it 
probably contains carbon, in which caso the 
black residue may bo burnt away by heating to 
redness in air. A« substance that does not 
blacken may nevertheless contain carbon. A 
more general method of detecting carbon is 
first to warm the substance gently witli dilute 
sulphuric acid, in order to expel CO^ that may 
be present as carbonate, and then to add several 
volumes of strong and some ILOjO;; 

when the mixture is heated any organic sub¬ 
stance will bo oxidised, and the escaping GO^ 
will give a pp. with lime-water. 

Hydrogen. The substance is mixed in a 
tube with dry CuO or PbCrO^ and heated to 
redness; water comes oil and condenses in a 
cold tube. Very small quantities of water myiy 
be detected by passing the gases through a glass, 
tube lined with PjOj, which will deliquesce. In 
(heso experiments carbon may be detected by 
passing the escaping gases into lime-water. 

Nitrogen. The substance is heated with 
soda-lime and the nitrogen may then bo given 
off as NH, and detected by its smell, action on 
red litmus, or fumes with HCl. The soda-lime 
must be strongly heated before use, until it no 
longer gives off NH,. This test will not succeed 
with compounds rich in oxygen. A more deli¬ 
cate test consists in heating the substance with 
potassium in a test-tube drawn out to a point. 
After deffiigratioD, the mass is dissolved in water 
and examined for cyanide (Lassaigne, .if 48,367). 
This testis noFapplicable to diazo-compounds 
(Gracbe, B. 17,1178). 

Chlorine. The chlorine is eliminated in 
the form of a chloride, the presence of wliich is 
detected byAgNO,. The conversion intochlorido 
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enn be effected : (a) by boiling with fuming 
HNOf: in the case of volatile substances, the 
operation must be performed in a scaled tube: 
^b) by boiling with alcoholic potash; (c) by mix¬ 
ing with quicklime and heating to redness: (d) 
by heating with IIjSO^ and MnO^. 

Bromine and iodine may be detected by 
the same methods. 

Halogens may also be detected by fixing a 
lump of CuO to a platinum wire, dipping it into 
the substance, and heating first in the inner and 
then in tlio outer part of a Bunsen flame: a green 
colour indicates halogens (Beilstein, B. 5, 620). 

Sulphttr is detected by strongly heating 
tho substance with a mixture of sodic carbonate 
and sodic nitrate, or sodic carbonate and potassio 
clilorate; and testing tho product for sulphate. 
Or the substance may be fused with sodium 
free from sulphur in a test-tube, and the pro¬ 
duct examined for sulphide (ydionn, Fr. 8, 62, 
3011). Some compounds, such as albumen, give 
a black i)p. of PbS when boiled with a solution 
of BbO in NaOHAq. ]5ailing ngCi^ or ammo- 
niacr.1 AgNOj often give a black pp. of metallic 
sulphide. 

Phosphorus may be detected by fusing 
I with Na„CO, mixed with NaNO;„ and examining 
' tho product for phosphate. Or the carbonised 
substance may be heated with magnesium pow¬ 
der ; tho product, containing magnesium phos¬ 
phide, is luminous in tho dark, and when 
moistened with water will give off PH, (Schdnn, 
Fr. 8, 65). 

Quantitative. 

Substances containing no elements beside 
carbon, hydrogen, a7id oxijgcii. 

The substances are subjected to CombuS’ 
Hon as proposed by Liebig (Z^21,1), hydrogen 
being weighed as HgO and carbon as CO.^. The 
operation is performed in a closed or in an open 
tube. 

Closed tube, combustion. 

A tube of hard glass (diameter *5 inch) is 
drawn out as represented, the lengtli being about 
18 inches. It is thoroughly cleaned by washing 
Avith fuming HNO4, water, alcohol, and other; 
and is then dried. Coarsely poAvdered oxide of 
copper, which has been prepared by oxidising 
tho metal, not by strongly heating the nitrate, 
and has been dried at a red heat, is poufod in 
as far as a; a mixture of tho Aveighed substance 
with finely powdered dry CuO is then p iureimi, 
it fills up tlie space from n to 6; the vcs^l 
(mortar or glass tube) in which the mixture has 
been effected is then rinsed with more finely 
divided CuO, and ^hese rinsings are poured into 
tho tube and take up the space & to c; finally 
some coarse CuO is poured in, taking the space 
c to d. The tube is then gently tapped to ensure 
free passage for gas from end to end. A tube 
containing GaClj is fixed by means of a cork to 
the open end of the combustion tube, and a 
bulb-apparatus (Liebig's or Geissler's) contai%> 
ing caustic potash (1 pt. KOH to 2 pis. H^O) ie 
attached to this, and in aconrate experiments a 
drying tube containing GaCl, or solid KOH is 
placed beyond the potash-bulbs. 

Tho oxide of copper at d is first heated to 
redness, and then the tube is heated at the other 
end; the gas-burners of the furnace are ^ea 

s2 
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gradually tamed on, at either end, so that a 
regular stream of bubbles passes into the potash 
bulbs. When the entire tube has reached a dull 
red heat, the potash solution will begin to be 
sacked back, owing to absorption of CO.^; at this 
moment the point of the tube is broken off, and 
air is sucked through the entire apparatus in 
order that the gases still contained in the tube 


oi gM. At the end of one experiment the 
tube is quite ready for a second. 

Liquids of high boiling-point are analysed 
in the same way as solids, except that they are 
weighed in short open tubes; volatile liquids 
such as ether are best put into a bulb or 
V'tubo, which is inserted between the oxygen 
apparatus and the combustion tube; the pro- 




may be drawn into the weighed bulbs; in this 
operation a long glass tube, open at both ends, 
may be placed over the broken point of the tube 
to prevent furnace gases being sucked in. The 
calcium chloride tube and potash bulbs are 
weighed when cool: ^ of the increase of weight 
of the former is hydrogen, ^ of the increase of 
weight of the latter is carbon. 

Open tube, combustion. 

It is in every way better to make the com¬ 
bustion in an *opcn tube,’that is a tube through 
which oxygen is continually passing. 

The greater part of such a tube is filled with 
oxide of copper, c d; this is followed by an open 


portion between oxygen and vapour of the sub¬ 
stance depends upon the temperature of the 
bulb-tube and should be so regulated that the 
oxygen should be always in considerable excess, 
otherwise an explosion might occur. 

The potash-bulbs may be replaced by a 
U-tube containing soda-lime; in this case the 
escaping gas must bo allowed to bubble through 
ILSO, in order that the rate at which it is com¬ 
ing oil may be noted. 

Minute quantities of carbonic acid are ab¬ 
sorbed by CuO and even by PbCr04 and retained 
at a red heat. Hence in the dciermination of 
minute quantities of carbon (as in the residue 
from drinking water) these substances should 



space of about 2 inches; then comes a porcelain 
or platinum boat, b, containing the weighed sub¬ 
stance ; beyond (between b and a) it is advisa¬ 
ble to have a spiral of oxidised copper. The 
boat and its contents are not inserted until the 
whole tube has been red hot for some time, 
Auri ng ijhich a current of dry oxygen, free from 
carbonic acid, has been passing through it; it 
is of course necessary to allow the end a c of 
the tube to cool down before inserting the sub-! 
stance, otherwise this would be volatilised too 
rapidly. ^Vhile the tube is ebbing, the calcium ' 
chloride tube a, potash bulbs b, and the drying 
tube c are attached. Tlie tube, which is still 
red-hot from c to is now heated at a and 
the burners are lighted one after another until 
the whole tube is red hot. A slow current of 
oxygen is passed in at a during the combustion. 
The combustion is continued until oxygen 
escaping from c will rekindle a glowing match. 
Before weighing, the oxygen in the tubes a, o, 
but especially b, must bo displaced by air; in a 
properly conducted experiment o will not gain 
more than *01 g., a greater increase indicates 
spurting of the potash due to a too rapid current 


be previously ignited in a current of air (Bittmar 
a. IlobiiiHon, O.iV. 3(), 2I>). 

Minute quantities of carbon may also be esti¬ 
mated by burning in an open combustion tube 
in a current of oxygen, in the usual way, and 
absorbing the CO.^ in baryta water. Tlie BaCO, 
is filtered off, converted into sulphate and 
weighed (Dupr6 a. Hake, G. J, 35, 159). Other 
metliods are described below. 

Combustion with Chromic Acid. 

Carbon may be determined by heating the 
substance w'ith CrO, and ILSO^ and measuring 
the mixture of CO and CO, given off (Cross a. 
Bevan, C.^N. 62.207). 

Sttbslances containing Nitrogen, 
Determination of Carbon and 
Hydrogen. 

If thq. substance contains nitrogen, nitrous 
fumes might be evolved, and tho^e would be ab¬ 
sorbed in the weighed tubes. To prevent this, a 
layer of metallic copper is put in front of tho 
tube, near d, and kept red-hot: it reduces oxides 
of nitrogen to nitrogen. This copper is best 
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obtftiiMd bj heatiag roll of wire gauze in ft 
Bunsen flame, and reducing the oxidised surface 
in ft current of hydrogen; it should then be 
allowed to cool in a current of CO^, as it would 
absorb hydrogen if left to cool in that gas. The 
copper spiral may also bo reduced by heating it 
in the mixture of CO and GO^ obtained by 
warming oxalic acid with (G. E. Groves, 

0. /. 37, 50d). 

Binoxide of manganese mixed with potassio 
chromate may bo used instead of a reduced 
copper spiral in combustion of nitrogenous sub* 
stances. Tlie mixture is made by stirring 
precipitated binoxido of manganese with a 
saturated solution of potassio chromate con¬ 
taining a little bichromate; the paste is dried 
and heated somewJiat strongly. The combustion 
IS performed with plumbic chromate (or copper 
oxide) in the usual way, about 5 inches of the 
chromate mixture being put in the front part 
of the tube to absorb the nitrous fumes. In per¬ 
forming a combustion, the whole tube is strongly 
h 43 ated, while pure air is passed through it, 
then the absorbent mixturo is allowed to cool to 
200'^-250° and kept at that temperature during 
the combustion (I’orkin, C. <7. 37, 457). 

Estimation of Kitrogen. 

Will and Varrentrapp {A. 39,257) mix 
the substance with soda lime, that has recently 
been strongly iitated, and put the mixture into 
u short combustion-tube drawn out to a point 
at one end. The operation is conducted exactly 
us in combuskon in a closed tube (u. st/ 2 )ra), 
the escaping gases being passed into a bulb- 
appuratus to absorb ammoiha. The bulbs con¬ 
tain hydrochloric acid, the NH^ being weighed 
as (Nli ,):iVtClrt; or, better, standard hydrochloric 
or oxalic acid, life amount of NHj being then 
determined by subsequent titration. 

If tlie soda-lime contain nitrate it will evolve 
NH 3 even when lioatod with sugar (Schulze a. 
Krcussler, Fr, 12, 3C2). If in preparing tho 
soda-limo a little be added before 

evaporating and strongly heating, small (juan- 
titles of nitrates and nitrites will bo reduced 
and elimiimlcd as (Dittmar, com.). 
Substances rich in nitrogen should be mixed 
with sugar after weighing. 

Unfortunately many organic compounds do 
not yield all their nitrogen in tho form of am¬ 
monia mIicii ignited with soda-lime; such arc 
nitroso-, nitro-, azo- and diazo-, compounds, 
and oven some protei'ds (Ititthausen, Fr. 17,501; 
Krcussler, J. 1881,1008); in this case tin; method 
of analysis proposed by Dumas is generally used. 
Modifications of the soda-lime process intended 
to overcome this dilliculty have, however, been 
proposed. Iluflle (C. J. 39, 87) mixes the sub¬ 
stance (1 g.) with sulidmr (*75 g.) and finely 
powdered wood charcoal (’75 g.). Soda-lime pre¬ 
pared from NaOlI (ICOg.), water and CaO (5(5 g.) 
is dried and mixed with Naj;S.p 3(21 g.). Two- 
thirds of the tube is filled with this mixture, 
containing the substance to bo analysed; tl'.o 
remaining third is ordinary soda-lime, which 
prevents cvi^ution of H^S. The thiosulphate 
reduces nitro com 2 )ounds. 

Arnold (B. 18, 806) prefers a mixture of 
0 )da-limc, sodium formate and Ka^,S.p,. 

Dumas (A. Oi* [2] 53, 1711 heats the sub- 
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stance with oxide of copper and measures the 
escaping nitrogen. A oombustion-tube closed 
at one end has first some bicarbonate of soda, 
or, much better, magnesite, put into it; this is 
followed by pure oxide of copper, a mixture of 
oxide of copper and the weighed substance, pure 
oxide of cojjper, and finally a bright copper spiral 
—just as in an ordinary combustion; the end of 
the tube is dosed by a coi k through which passes 
a delivery tube dipping under mercury. Before 
beginning the combusllon all the air must be 
driven out of the tube by carbonic acid; this is 
effected by heating the magnc’site; the combus¬ 
tion is then proceeded with in the ordinary way, 
and the gaseous jH^oducts are collected in a 
graduated tube standing over inercury and con¬ 
taining 50 c.c. of a solution of caustic potash 
(equal weiglits of potash and water). Tho pro¬ 
ducts of combustion are water, carbonic acid, and 
nitrogen; the two former urn slopped by the 
potash, so that the gas that collects is pure 
nitrogen; at the end of the experiment the com¬ 
bustion tube still contains nitrogen which must 
be expelled by heating the magnesite a second 
lime. The eudiometer and its contents is then 
transferred to a vessel containing air-freo water, 
which takes the place of tho mercury and 
potash. Tlio volume of the nitrogen corrected 
for pressure and temperature enables one to 
calculate its weight. 

As there is some danger that the magnesite 
may be all used up in the preliminary expulsion 
of air from the tube, a convenient modification 
of this process consists in expelling tho air by 
hydrogen; the hydrogen is got rid of by igniting 
a little of the copper oxide in the front part of 
tho tube; a complete vacuum is thus formed, 
and the mercury rises in the delivery tube to the 
height of the baroinder. Tlio combustion is 
proceeded with in tho usual way, and the 
residual nitrogen expelled by healing the mag¬ 
nesite. 

Bicarbonate of soda, MnCOj, or a mixture of 
Na-UOj and KXrjO, may bo used instead of 
magnesite as a source of CO^. In order that the 
tube may bo used several times without turning 
out all tlie copper oxide, C. E. Groves (C. J. 37, - 
501) 2 >laces the substance intended to evolve 
CO. in a separate tube, 7 inches long, which is 
attached by a short glass connccting-tube to the 
end of the combustion-tube, wliicli is in this 
ease open at both ends. A fresh carbonic acid 
tube is used for each cxperiniont. The CO, yay 
also be obtained from marble and nClA 4 '*vrji 
n.SO^, but it is then liable to contain air unless 
tho apparatus bo first exhausted by an air-pump 
(Bernthseii, Fr. 21, (53) or licnted to boiling 
(Hufschmidt,, 18, 1441). The nitrogen is 

h-c(iuonlly contaminated with NO. Frankland ft. 
Armstrong {C. J. 21, 77), after reading off the 
nitrogen, pass up a little oxygen, and, when the 
resulting NO.^ has been absorbed, they remove 
the excess of oxygen by potassium i^yrogallate. 
The mean between the volumes of gas before 
and after this o])erution is the true volume of 
nitrogen (TIuulicliuma.W'anklyn, C.J, 22, 298). 
Apparatus for collecting and measuring the 
nitrogen have boon devisod by Znlkowsky (A. 
182, 206), Schwarz {B. 13, 771), Ludwig, 
(B. 13, 883), H. Schiff (B. 13, 886 ), 0. B. 
Groves (C. /. 87, 600), Staedel (Fr. 19, 462), 



Bbhi]^U {/. jpr. [93 34,444), Qkaaiag (im. 4, 
43), Hempef (JV. 17, 409), and llisBld (B. 17, 
1847). Trankland a. Annstrong (0, J. 31, 77) 
cozmeot the tube with a Sprengers pump, which 
delivers the gas into a eudiometer at the end of 
the dropping tube (see also Gibbs, Fr, 11, 206 ; 
Hempel,Bn. 1, 9; Plluger, 18, 296; Joiinson 
a. Jenkins, Anu 2, 27). Explosive substances 
may be analysed under diminished pressure. 

The weight of nitrogen is calculated from its 
volume with the aid of the annexed table. From 
the barometric holglit, corrected for expansion 
of mercury and of the scale, the vapour pressure 
of water at the temperature of the nitrogen is 
deducted; from the corrected pressure and the 
temperature the weight of nitrogen is at once 
given by the table. 


Ar. 34, 7Sd). Ereu#l^ zebom* 
mends a mixture of oono. KgSO, (9 ptsj^^ ftud 
PfO, (1 pt.) as a substitute for faming £^SO« 
(v. also Warington, 0» N, 62,163). 

Substances containing Halogens, 

Determination of Carbon and 
Hydrogen. 

In the combustion of substances containing 
chlorine white fumes of cuprous chloride might 
; pass into the chloride of calcium tube, and even 
' chlorine might bo given ol! by the action of the 
j oxygon (Stiidelcr, A, 69,335; Kraut, Fr. 2,242); 
j these sources of error may bo prevented by 
I placing a roll of silver foil between the copper 
I oxide and the cork into which the chloride of 


Pressure of Aqtieous Fapo«r, in mm. 

Temp. I 10® I 11® I 12® | 13® I 14® I IS® | 16® I 17® I 18® j 19® I 20® I 21® | 22® I 23® I 24® I 26® 

Pressure | 92 \ 8*8 110’6 111'2 111-9 | 12*7 [ 13-5 114*4 116-4 116*3 117*4 118*5 119*7 | 20-0 | 22-2 | 23*6 


Reduction of Barometric Height, 

If the barometer has a glass scale, the 
necessary redaction will be found by multi¬ 
plying the following numbers by the temperature, 
via.:— 


mm. 

Kcdactfon 

mm. 

Hcdactloa 

720 

•123 

750 

•128 

725 

•124 

765 

•129 

730 

•125 

760 

•130 

735 

•126 

765 

•1.31 

740 

•127 

770 

•132 

745 

•127 

775 

•133 


Va^ur-Pressure of Agucous KOH. 

When nitrogen is measured over aqueous 
potash, the correction for vapour-pressure is less 
than that given above, as is seen from the fol¬ 
lowing table, which relates to a solution of 1 pt. 
of potash in 2^ pts. water (S.G. 1*258). 


10° 

6-19 

18° 

10-47 

11° 

6-58 

19° 

11-20 

12° 

702 

20° 

11-97 

13° 

7-48 

21° 

12''80 

14° 

7-99 

22° 

13-70 

15° 

8-53 

23° 

14-62 

16° 

913 

24° 

15-60 

17° 

9-77 

25° 

1665 


(Kreusler, Fr, 24, 445). 

In the course of an elaborate discussion of the 
.Wrtffus mef'-ods of estimating nitrogen, Kreusler 
(Landwirlhschaftliche Versuchslatiofie^i, 81,207; 
ef, Fr. 19, 92; 24, 438) recommends that the 
copper oxide be mixed with asbestos. Cuprio 
sulphate (150 g.), water (400 g.), 54 ’:d light asbes¬ 
tos (50g.), are evaporated until almost dry; the 
mass is then thrown in small quantities into 
boiling water (2500 g.) containing KOH (160 g,), 
and finally washed, dried, and heated until red 
hot. Kreusler also uses copper-asbestos prepared 
by mducing this copper-oxide-asbestos in place 
of a copper spiral. 

Nitrogen may often be converted into NH* by 
KMn 04 and boiling NaOHAq (Wanklyn, Chap¬ 
man, a. Smith, C. J. 20, 445), or by KMnO^ and 
fuming HjSOj (Kjeldahl, Fr. 22, 870). In the 
latter case it is better to add CuSOf (Hilfahrt, 
C. C 16,17), benzoic acid, sugar, and mercury 


calcium tube is inserted. This part of the tube 
is kept at a dull red heat throughout the com¬ 
bustion ; cuprous chloride and silver form silver 
chloride and copper. 

If the substance contains nitrogen as well as 
halogens, a copper spiral need not precede the 
silver spiral. 

Determination of Halogens. 

This is usually effected by placing 4 o.o. 
fuming nitrio acid and about a gram of silver 
nitrate in a strong glass tube, then sliding down 
a little tube containing the weighed sul^stance 
in such a manner that it may stick to the wet 
glass and not at once fall into the acid; the 
open end of the strong glass tube is then fused, 
drawn off to a stout point and s^-aled. A little 
tapping will now cause the tube containing the 
substance to fall into the acid, after which the 
whole is heated at IBO"^ for seven hours in a gun- 
barrel, Aromatic substances require a higher 
temperature, 250®-300^. Silver chloride (bro¬ 
mide or iodide) is formed, and, after opening the 
tube, diluting and boiling, it is collected, dried, 
and weighed (Garius, A. 116,1; 136,129). A 
still easier method is that lately proposed by 
Plimpton and Graves (C. J. 43,119), in which 
the organic substance is burnt in the fiainc of a 
small Bunsen burner; the halogen is left chiefly 
combined with hydrogen but partly in the free 
state. The products are sucked through aqueous 
NaOH, which is then boiled with SO.^ and sub¬ 
sequently mixed with HNO^. The halogen is 
then estimated volumctrically (best by sulpho- 
cyanide method) or gravimctrically. 

Another method is to beat tlio substance in 
a combustion tube through which oxygen charged 
with nitrous fumes is passing (Klason, B. 19, 
1910). 

Halogens may in many cases be determined 
by strongly heating with lime; with a mixture ol 
Na,CO, and KNO, (Volhard, A. 190, 40); with 
Fe^O, (E. Kopp, B. 8, 769; Klobulowski, B. 10, 
290); or with alcoholic KOH; or by reducing 
with Bodiuzrl amalgam (Kekul6, A. ^uppl. 1,840). 

Halogens in the side-chains of aromatic 
compounds may be estimated by boiling with 
a saturated alcoholic solution ol AgNOg 
(Schulze, B. 17,1675). 



Table showing the weight in milligrammes of 1 o.c. nitrogen at 10*^ to 25^ C. and 720 to 770 mm. pressure (Dietrich, Fr* 5, 38). 
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Comjxmndj oontaining Sulphur, 
Determination of Carbon and 
Hydrogen. 

In the analysis of compounds containing 
sulphur there is danger that SO^ may be absorbed 
in the weighed tubes. This is obviated by using 
lead chromate, in the form of small fused lumps, 
instead of cupric oxide. The I’bCrO^ (10 pts.) 
may be mixed with K^Cr^O, (1 pt.). Sulphur 
remains in the tube as TbSO^. Volatile 
substances containing N as well as S must be 
burnt slowly (V. Meyer a. Stiidelcr, B. 17,1677). 
According to Ititthausen {Fr. 22,108), reduced 
lead ohromaio can be re-oxidised by heating in a 
current of oxygen. It is of course not necessary 
to fill the wliole tube with load chromate, the 
posterior half may contain CuO. A mixture 
of CuO and PbCrO^ is sometimes used. 

Determination of Sulphur. 

Sulphur may be estimated by the method 
of Carius, by heating with fuming HNOa in a 
tube as described for halogens; the sulphuric 
acid is ppd. by BaCl-a. This method cannot 
usually be employed in the case of organic sul¬ 
phides, since these are converted into sulphonic 
acids. 

The most rapid method is that of Plimpton, 
whicli consists in burning the substance in 
the dame of a small Bunsen, sucking the pro¬ 
ducts of combustion through dilute NaOHAq, 
oxidising with Cl, and ppg. as BaSO^ (Moricy 
a. Saint, C. J. 43, 401). Or the substance may 
be burnt in a stream of oxygen and the SO._. 
collected in HClAq containing Br (Sauer, F/\ 
12, 32, 178; Mixter, Fr. 22,681). In this experi¬ 
ment it is better to pass the oxygen through 
fuming nitric acid so that it may bo charged 
with nitrous fumes (Klason, B. 10, 1910). In 
many cases sulphur may be detorinincu by fusion 
with a mixture of Na.^CO;, and KNO^ or KCIO 3 . 
In the case of albuminoids it is convenient to 
evaporate with IINO3 (10 pts. of S. 0.1’4) before 
fusing (Kochs, 0. C. 188G, 894). Oxidation may 
also be effected by Na^COj and UgO (Russell, 
€. J, 7. 212). 

Phosphorus. 

The estimation of phosphorus resembles that 
of S. It is weighed as 

Boron. 

If cotnpounds containing boron are analy.sed 
by combustion with copper oxide the hydro¬ 
gen will come out too higli, owing to the 
volatilisation of boric acid. This is preveiitcil 
by using lead chromate instead of cupric oxide 
(Couiicler, J.pr. [2J 18, 375). * 

Silicon. 

SiOj is left behind when non-volatile com¬ 
pounds are heated. Volatile compounds are 
heated with cone, or fuming and KMnO ; 
the product is poured into water. The ppd. 
lIjBiOj is freed from traces of manganese by 
fusion with Nai,CO, and KNO, (Poiis, B. 19, 
1024). 

Alkalis or Alkaline Earths. 

In an ordinary combustion these would be 
left as carbonates, the estimation of carbon thus 


being too low; bat if the sabatanoe is ihoroaghly 
mixed with PbOrOi (10 ptB.),and KjCraO, (1 pt), 
the CO2 will be turned out by CrO^, the bases 
being left os chromates. SchalJer (Bl. [2J 2,93) 
mixes the alkaline salts of organic acids with 
an equal weight of SiO^ and then with CuO. 

The alkaline metals are determined by strongly 
heating and analysing the inorganic residue. 

Silver^ Platinum, and Qold 
Are determined by strongly heating the substance 
and weighing the metallic residue. 

Explosive Substances 

Must be well mixed with GuO boforo being 
put into a combustion tube; very explosive sub¬ 
stances are analysed in vacuo. 

Combustion with platinum black, 

Kopfer (0. J. 29, 660) introduced the use of 
finely divided platinum as a carrier of oxygen. 
The anterior half of a combustion-tube is filled 
with plaltuum black intimately mixed with 
asbestos, tlie posterior half of the tube contains 
the weighed substance in a boat; air or oxygen 
is })assed through the tube, the combustion 
being conducted in the usual way. 

Additional Be/erences. 

Gay-Lussac a. Thcnard, A. Ch. 74,47 (KCIO,); 
Saussurc, A. Ch. 78, 67; Berzelius, Tliomson’s 
Atuuils of Philosophy, 4, 401, P. 41, 391; liiebig, 
P. 21, 1; Li.'liig a. Wohler, A. 26, 270; Uof- 
mann, C. J. 11, 30; Cloez, A. Ch. [3J 68, 394 
(iron tube); Bl. [2J 1, 250; IV. Schulze, Fr, 6, 
289 (KCIO.,); Wheeler, Ain. S. [2j 41, 33; Mar- 
chand, J.pr.ih 177; Gottlieb, 78, 241 ; Mel- 
sens, A. 60, 116 ; I’raukland, 7'. 117, 63 ; Tliorp, 
C. J. 19, 369; Maxwell Simpson, C. J. 6, 289; A. 
95, 63; iVliiger, 1878, 117; H. 

Schiff, A. 195, 293; Warren, Am. S. [2J 42, 156. 

Determination of oxygen: Wanklyn a. 
Frank, P. M, [4J 26, 664; Baunihauer, A. 90, 
228; Ar. N, 1, 179; Ladenburg, A. 136, I 
(Agio.,); A. Mitscherlich, P. 130,636 ; B. 1, 45 ; 
0,1000; Cretier,7^/*.13,1; Stromcyer,.d. 117, 247. 

Simultaneous determination of C, 11, 
and N: (Schulze, Fr. 6, 269; Frcrichs, 10, 
26; IleJiipel, Fr. 17, 409; Jannasch a. V, 
Meyer, B. 19,919). 

ritoxiMA'i'E Analysis. 

Separation of Mu-tnres. 

A complete account of proximate organic 
analysis would include dc.scriplions of the pro¬ 
perties of every known organic substance, sinoe 
the methods to be adapted vary in almost every 
case. 

Tiio simplest method is separation by sol¬ 
vents which dissolve some but not all of the 
componci'/ts of a mixture; when solid substances 
have been dissolved, they may usually bo further 
purified by crystallisation. 

An unknown mixture is treated with water; 
the insoluble portion is shaken with dilute 
H3SO4 w^ieh dissolves bases, then with dilute 
Na^CO, which dissolves acids, with dilate 
KaOH which dissolves phenols; the bases are 
ppd. by adding KOH to tne HjSO^Aq; the acids 
and phenols by acidifying the alkaline solution! 
oeutalning them. 
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The neatral residue is fr&otion^y distilled 
And the TariouB portions are boiled with alco- 
holio EOH which saponifies-compound ethers, 
and gives a pp. of KCl in the case of fatty 
chloro-derivatives. The alcohol is distilled oil 
together with volatile alcohols, &c., and the 
residue treated with water, which dissolves salts 
of acids that may have been formed. The in¬ 
soluble residue is a hydrocarbon, high-boiling 
alcohol, alkyl oxide, ketone, haloid aromatic 
compound, &c.; the liydrocarbon will usvmlly 
be left on treating the residue with cold 
If aromatic chloro-dcrivatives are absent. 

The aqueous extract of the original sub¬ 
stance is neutralised (if necessary) and distilled. 
The distillate is treated with K^COa which 
separates alcohols, lactones, methyl acetate Ac. 
The residue Is made alkaline by KOH and dis¬ 
tilled i bases pass over; it is then acidified with 
and distilled: volatile acids pass over. 
Tile residue is exactly neutralised and neutral 
substances are extracted by ether, chloroform, 
and benzene, the aqueous residue is acidified 
and non-volalilc acids are extracted by these 
solvents; the residuo is now made alkaline and 
again extracted, finally it is evaporated to dry¬ 
ness, and, if any organic matter is still present, 
extracted with solvents. (F. also Alkaloids, p. 
120 ; Acids, p. 56.) 

Many substances, even of very high boiling 
point, distil in a ourrent of steam. 

Detection of radicles. 

Hydroxy 1.—Compounds containing OH 
evolve ITCl when treated with PCIs (p. 61); 
but if rOl. is used cbloniatioii may occur 
e.g. CJT,OMe 4 PCI, = C,.U^C1.0Mo h PCI, + UCl. 
AcCl acts upon hyil^'Oxylic compounds with evo¬ 
lution of llCl; when water is added to the pro¬ 
duct the acetyl derivatives of alcoholic hydroxyls 
are not atTected, but CO.OAc is converted into 
CO.OH. AcOl acts also upon amines in the fol¬ 
lowing way: 

C,n,NH, + AcCl = 0«n,NAcH -t HCl. 

BzCl and Ac.X> also displace hydroxylic hydro¬ 
gen by acid radicles. In compounds whoso 
molecules do not contain or Nil the number 
of hydroxyls (other than those in carboxyls) 
present can be determined by estimating the 
acetic acid obtained by saponifying the pro¬ 
duct after treatment with water. The groups 
C.CO.NH and C.CO.CII.^ in many cases act as if 
they contained hydroxyl and were C.C(OH):N 
and C.C(OH):CH. 

Very dilute, colourless solutions of Fe^Cla 
give a distinct colouration with compounds con¬ 
taining alcoholic hydroxyl (Landwchr, B. 19, 
2726). 

^ino etliide evolves ethane gas when mixed 
with courpounds containing hydroxyl or amido- 
gen (dapp, 0. J. 37, 665) ; compounvls contain¬ 
ing imidogen evolve gas when heated with ZnEtj 
at 100° (Japp, C*J. 39,224). (F. also Alcohols 
and Acids.) 

Amidogen is indicated by the reactions 
just mentioned, and also by the readiness with 
which m(ithyl«can be introduced by heating with 
Mol. Methyl iodide docs not act upon hydroxyl 
except in presence of an alkali. Commands 
eontaining NHj evolve nitrogen when nealed 
with nitroui acid. 


I The number of amidogena in the molecule of 
I a compound may be found by treating the sub¬ 
stance with KNO, and the escaping 

nitrogen is freed from NO by FeSO< and then 
measured (Sachsse a. Kormann, Fr. 14,380). In 
easily diazotised aromatic amido compounds, the 
number of amidogsns may be determined by 
dissolving in cone. HClAq and titrating with a 
normal solution of KNOo, until a drop of the 
solution gives a blue colour with El and starch 
(Green a. Evershed, S. G. I. 5, 63.3). 

Imidogen is indicated by tlio production of 
a nitrosamine when treated with nitrous acid. 
(See also Amjnes, Amido-acids, Amides.) 

Carbonyl is indicated by the reaction with 
phenyl-hydrazine and hydroxyliimine (p. 107). 

Carboxyl is indicated by the easy pro¬ 
duction of metallic salts, and by tlie splitting oil 
of CO.^ when the substance is heated alone or 
with lime. 

Wantofsatnrationis indicated by instant 
bleaching of bromine. 

Acetylenic hydrogen is indicated by the 
formation of explosive pps. with ammoniacal 
cuprous chloride or silver nitrate. 

Nitroxyl.—Nitro compounds may be re¬ 
duced to compounds containing amidogen. The 
number of nitroxyls is found by reducing with 
standard SnClo and titrating w'ith iodine (Lim- 
pricht, .B. 11, 35). 

Methoxyl. The number of MeOgroups can 
be found by boiling with aqueous HI (S.G. 1*68) the 
distillate (Mel) being received in alcoholic AgNO, 
and the resulting Agl weighed (Zeisel, M. 6,989). 

Halogens in the side chains of aromatic 
compounds can be estimated by boiling with a 
saturated alcoholic solution of AgNOj (Schulze, 
B. 17,1675). 

ANAMIBTIN C,oH2^0,„(?). Occurs in grains 
of cocculus indicus {Anainirta cocculus) along 
with picrotoxin (y. v.),piciotiu, and glyceryl stea¬ 
rate (Barth a. Kretschy, Sitz. B. [ii] 81, 7; 
Francis, A. 42, 254). Short needles (fnmi water), 
insol. benzene; becomes brown at 260°. Neither 
bitter nor i)oisorious. 

ANCHOIC ACID => Azelaig ACID. 

ANCHUSIN V. Alkaset. 

ANDEOMEDOTOXIN [228°]. A 

poisonous substance in Bhododendrem ponticum 
(Zaaijcr, B. 5, 318). 

ANEMONE. — The plants Anemone n&mo^ 
rosa, A. pa/ensts, and A. puIsatiUa when dis¬ 
tilled with steam yield anemonin, anemone- 
camphor, anemonio acid, and a yellowish oi^ 
which arc extracted by shaking the distillate 
with cliloroform (L6wig a. Weidmann,P. 46,45$ 
Schwarz, Mag. Fkann. 10, 193; 19, 168; Fell- 
ling, ^.38, ‘jTS; Dobraschhiskv, J. Ph. [4] 1, 
319 ; H. Bcckurls. C. C. 1885, 776). 

Anemouin Ci.HijOb. [160'^j. Trimetrio 
crystals; sol. CHCI,, si. sol. alcohol and water, 
insol. ether. Reduces AgNOa--rbOCijHuO,. 

Anemonio acid. Amorphous powder; insol. 
water, alcohol, and ether. 

Anemone-camphor. Trimetrio prisms $ an- 

AHETHOI 0„H„0 t.e. 

CH,O.O.H..CH;CH.CH, [1:41. Methyl p-pn. 
pmyl-phenol [213°]. (232°). 8.0. '987. 

It„ 16137 (Gladstone, 0. J. 49, 623). B*, 
77 97 (Nasini, G. 15, 93). S.V.S. 149-34. 





Oee»rreN«e.— In oil ftn!>e {from Pimj^ 
niUa animm) together with a terpene, in Chua 
or star anise (from lUUAum anisatum), in fennel 
{Anethum /eeniculum), and tarragon {Artemisia 
Dracunculus) (Laurent, Revrte Scimt. 10, 6; 
Oerhardt, A. H, 318; 32, 401; Cahours, A. Oh. 
[8] 2, 274). 

Formation. — Together with COj wiion 
CH,0 C.H,.CH:C(Ciy.COjH is heated (Perkin, 
0. J. 32,660). 

Properties. —Plates; v. si. sol. water, v. e. 
sol. alcohol and ether. Easily poljTncrised. 

Reactions. — 1. Oxidation, produces anisic 
aldehyde, anisic acid, and acetic acid (Hcmpel, 
A. 69, 104). — 2. Alcoholic potash produces 
0..n,.0, [87°] and C„H|„0., [I!5°]; the latter 
forms an acetyl derivative [40°] (Landolph, I). 
13, 147; C. 11. 81, 97; 82, 22G).-3. Nitro.iyl 
chloride produces CsH,(OMe).C3HjNOCl which 
reduces to Cj,H,(OMe).C3lI,jNH., (Tonnies, B. 12, 
169).—4. Nitrous acid produces two bodies: 
O.H,(OMe).C3lI,N.O, and C3H,(OMe).C,,H3NA 
[97°]. The former may bo reduced to 
C,H,(0.Me).0..H3(01I)NH.3HCl, the latter to 
(CH30.C„H,.C3li,).,N,0, (?) (T., B. 13, 1845).- 
6. Boron fluoride produces C^HjOMe, and a 
liquid C„H,„0 (c. 227°) (L., C. It. 86, 601).— 
6. HI at 260° forms C,H,„ (150°) and 
(210°) (L., C. R. 82, 849). — 7. PCI, forms 
C,„H„CIO, [-3°], (229 ), S.G. sa 1'191 
(Landolph); Ladenburg gives different proper¬ 
ties for chloro-anethol, viz.; [6°], (258°), S.G. 2 
1-125.-8. Br forms C,„H,.Br,,0, [65°] (Laden- 
burg, A. Sutpl. 8, 87; Z. [2] r,, 576). 

Anethol - tetrahydride C|,H„0. Anethol- 
camphor. [190°-19d°]. Has a camphor-like 
smell. Formed together with anisic aldehyde 
by the oxidation of anethol with UNO, (L.). 
Smells like camphor. On oxidation with K-CrjO, 
it gives an acid which Ibrms long needles of melt¬ 
ing point [175“] (anisic acid?). 

Anethol - hexahydride C|,IT„0. Anethol- 
bomeol [19°]. (198°). Formed together with 

an acid by heating anethol - tetrahydride with 
alcoholic EOH (L.). Long slender needles. 
Insol. KOIIAq. 

Anethol dihydride = AfefhpI-PuopYL-pnENnn. 

Anethoin (C,JI,.,0)„. Anisoin. [140°-145°]. 
From anethol by shaking with a little ILSO, 
orPjO, (C.), or by the action of SnCl, (Gerhardt, 
/. pr. 36, 267), I in KIAq (Will a. Ithodius, A. 
66, 230) or BzCI (Erant a. tfelsmann, J. pr. 77, 
A90). Prepared by distilling oil of anise with 
'oono. H,.SO,. Needles (from ether); insol. 
water and alcohol. Decomposed on distillation 
into liquid metanethol and solid isanethol. 

Metsnethol (C,„H„0).. [132°'. (above 300°). 
Prepared by heating anethol (210 g.) with 
ZnCl, (750 g.) in a copper retort; in a few 
minutes white fumes apjrear in the receiver, 
superheated steam is then passed into the re¬ 
tort ; the metanethol then passes slowly over. 
The yield is 5 to 10 p.o. (Perrenoud, A. 187, 63). 
Silky needles (from ether). Not volatile with 
steam at 100°. 

Metanethol sulphonic acid 
(CioHii(SO;JI)0),. Formed by cone. H,SO, in the 
cold. Salts.—CaA'^aq; lamina!.—BaA',. 

Chloride C„H„(,80,01)0. [183°]. 

Liquid metanethol (C,„H„0)„. (233°). 

8.G. 4* -971. Formed by distilling anethoin 


(Krant s. BeBltm, JL 1868, 868); and hj di». 
tilling anethol with ZnCV Converted by cone. 
H.,SO, into anethoin. At 820° it partially 
changes to isanethol. 

Sulphonic oetd.-(C|„H||(S0,H)0), (Ger¬ 
hardt, dlpr. 86,276). Salt.—CaA'jaq: gummy. 

Isanethol (C,jH„0),, A viscid mass left in 
the retort when anethoin is distilled; eono. 
II,SO, converts it into anethoin. 

ANGELICA, OIL OF, The seeds of Angelica 
archangdica yield an essential oil (S.G. 2 -872; 
(o]„ 13° 8') containing a terpene, (175°), 

S.G. 2 -833, [o]u = 12° 38'. The rotatory power 
of this terpene is reduced to 4” 52' by heating 
for 432 hours at 100°; it is readily polymerised 
and easily oxidised (Naudin, C. R. 93, 1146), 
The essential oil also contains methyl-ethyl- 
acetic and oxymyristio acids (It. Miillcr, B. 14, 
2176). The roots of Angelica archangelica yield 
an essential oil (S.G. 2 -875) containing a ter- 
pene (166°), S.G. s -870, [o] = 2° 50'. This 
terpene polymerises readily under the influence 
of heat or sodium (Naudin, C. It. 96,1152; Bl. 
[2] 39, 406). 

ANGELIC ACID C,,H,0, i.e. 
CH,:CH.CH(CH,).CO..II. Pentenoicaxid. Mol. w. 
100. [45°]. (185° i.V.). 

Occurrence. — In the root of Angelica 
archangelica (Buchner, A. 42, 226). Oil of 
chamomile (Antlwnis nobilis) may be separated 
by fractionating into isobutyl isobutyratc, iso¬ 
butyl angelate, amyl angelate, and amyl tiglatc; 
the residue contains hexyl tiglate and anthemol, 
C|oH|,0 (Kobig, A. 19.5, 95). Angelic acid is 
formed, together with laserol by heating laser- 
pitinwith aIcoholicKOH(Feldmann,d.l35,2.36). 

Preparation. —1. Angelica root (50 lbs.) is 
boiled with lime (4 lbs.) qpd water, and the 
filtrate acidified with H-SO, and distilled (Meyer 
a. Zenner, A. 55, 317).—2. Oil of chamomile is 
saponified by alcoholic KOH (Kopp, A. 195, 81; 
Pagcnstechcr, A. 195,108; Beilstoin a. Wiegand, 
B. 17, 2261).—3. Sumbul or mo.sehus root con¬ 
tains a resin which when boiled with alcoholic 
KOI! yields angelic and methyl-crotonio acids 
(Beinsch, Jahrb.pr. Phami. 7, 79; E. Schmidt, 
Ar. Ph. [3] 24, 528). 

Prqpcrfics.—Monoolinic prisms or needles; 
si. sol. cold water, v. sol. hot water, alcohol, and 
ether. 

Reactions.—1. Hydriodic acid at 190° rc- 
dudes it to valeric acid (Aschcr, Z. [2] 6,217).— 
2. Potash-fusion produces acetate and propionate 
(Dcmarqay, G. B. 80.1400).—3. Bromine forms 
a dibromide [86°].—4. Cone. H.,SO, converts it 
into tiglio acid.—6. KMnO, gives CO., and alde¬ 
hyde (B. a. W.). 

Salts. — BaA'.,4iaq: crystalline mass. — 
CaA'2 2aq: long needles, much more soluble in 
cold, than in hot, water. — AgA': feathery 
crystals, el. sol. water.—PbA'j: crystals, si. sol. 
Wfttor* 

Ethyl-ether.—EtM. (141-6°). S.G.2-935. 

Isob'ityl ether (177°). 

Isoamyl ether CjHnA'. (201°). 

Anhydride (CjH,0)20. Oil (Chiozza, 
A. Ch. [8] 39, 210). • 

Hydriodide CH,.CHI.Cn(CH,).CO,H. 
[46°]. Jodo-valerie acid. Prisms. Formed by 
very cone. HI. 

Constitutitm.- Angelio acid is isomeric with 



aflyl^wrtic4eid, OH^:OH.6]^OHt.OOgH» 
erotodo' or U^o acid CH,.0H:C(0Hs).00^, 
/9 •/9-di> methyl •aorylio acid (CH,) 3 G:CH. 002 H 
(tfstinoff, J. pr. [2] 34, 484), propyiidene- 
aoetio acid, CH 3 .CI^.CH:CH.C 02 H, and tetra- 
methylene carboxylic acid. 

The same valeric acid, (173’-176° uncor.), 
8.0,15 *941, is formed by reducing thehydriodidoa 
of angelic and of tiglic aoids by Zn and H-SO^. It 
is probably CH 3 .CH,.CH(CHa).CO,H (Schmidt, 
B. 12, 252). Angelic acid changes when long 
kept, or when treated with AgNOj, into tiglic 
acid, and hence the two acids have probably the 
same carbon skeleton. The hydriodide of angelic 
acid is, however, different from that of tiglic 
acid, CH,. 0 H 3 .CI(Cns).C 0 ,H. This would be ex¬ 
plained by assigning to angelic acid the formula 
CH,:CH.CH(CH 3 ).C 0 ..H, its compound with HI 
being CH,.CHI.CH(Ck.,).COJI. The latter iodo- 
valeric acid is not CH^I.CH._..Cn(CIl 3 ).COj,H for 
it gives no lactone on neutralisation with Na^COs, 
but butylene CHh.CHiCH.CH, (Fittig, A. 216, 
161). An alternative formula, CHuiCEt.CO.jH, 
would form with III either CHaI.CnEt.CO 2 H or, 
more probably, CHa.CIEt.COall; sodium car¬ 
bonate would convert the latter into an oxy-acid, 
or back into angelic acid, while the former would 
give the butylene CHjiCH.CHo.CHa. 

ANGELICO-BENZOIC OXIDE i,e. 

C 5 H,O.O.Bz. From potassium angelate and BzCl 
(Chiozza, A. 86 , 200). Oil. 

ANGELICO LACTONES. C,HA- jS-acetyl- 
propionic (levulic) acid splits up on distillation 
into H..Oand a mixture of those lactones, transi¬ 
tion compounds being doubtless the two iso¬ 
meric oxy-acids CH 3 .C{OII):Cri.CH...CO..H and 
Cn. 2 :C( 0 II).CTT 2 .€n.* 002 n. Xheyare dried over 
E..CO, and separated .by fractional distillation 
(Wolff, A. 229, 249; B. 20, 42.5). The (a) lactone 
is converted into the ( 6 ) modification by com¬ 
bining it with IICl and distilling the product. 
Both lactones combine with bromine, and both 
are changed to ^-acetyl-propionic acid by boiling 
with water or by treatment with cold aqueous 
baryta. This reaction is easily explained, for 
the oxy-acids CH,.C(OH):CH.CH .CO..H and 
CHa:Ct 0 H).CH 2 .Cir,.C 02 H into which the lac- 
tones snould be converted, would both change (by 
Erlenmeyer’s rule) into CH 3 .CO.CH. 2 .CH 2 .CO 2 II. 

{a)-Angelu:o-lactom CH,.C:Cn.Cli.C0.0 

[18°]. (168"). V.D. 3-6. S. 6 at 15°.““ls also formed 
by the action of water on the bromide of 
A-bromo-j 8 *acetyl-propionic acid. Colourless 
neutral liquid, gradually turns yellow. It has a 
pleasant odour and bitter taste. At 0° it solidi¬ 
fies to white needles which are not hygroscopic 
and are volatile. The lactone dissolves in most 
lolvents. It is separated by K^COs from its 
aqueous solution. If left a few hours with cold 
water the liquid becomes acid. * 

Beaciions. —1. NH, converts it into ^-acetyl- 
propion-amidc.—2. Combines with bromine in 
CSj forming the lactone of di-bromo-oxy-valeric 
acid (g. v.).—3. Combines with HGl forming the 
lactone of chloro-oxy-voleric acid ( 7 . v.)l 

{$)-Angelico-ikctone CH 2 :C.CH 2 .CH 3 .CO.O. 

fii09°) at 760 mm. (84°) at 25 mnirTO^l-1084. 
Colourless neutral liquid. It does not solidify at 
«> 15°. It is partly converted into Us (a)^isomer- 


' ide «v^ Is distilled tmder atmospherio 
pressure. Miscible with water, has a pleasant 
odour. Hay bo left for 4 hours with cold water 
without production of an acid. 

Beactions.—l. Boiled with water it is very 
slowly converted into levulic acid.—2. Combines 
with bromine in CSj.—3. Docs not combine with 
HCl. 

ANGELYL. The radicle CjHyO. Also ap¬ 
plied by Hofmann to monovalent Pbntenyl 
{q. V.). 

ANGUSTURA OIL C,,Ha40. (266°). S.Q. 
• 93 . Obtained by distilling true Angustura 
h&rk {Cuspariafehrifuga) with steam (Herzog, 
1858, 444). The bark contains also cusparine 
and gasi})<!ino { 7 . v.). 

ANHYDRIDES.— Oxides which react with 
water to form acids (g. v.), or are obtained from 
acids by withdrawing xvater^ or which react 
with basic oxides to produce salts: e.g. 

SO 3 + H..0 - H 2 SO 4 ; 2 HNO 3 - H..0 « N20» ; 

SO 3 + BaO = BaSO^; OrO^ + BaO - BaCrO^. 
Solutions of anhydrides in ether or other liquid 
quite free from water do not exhibit an acid 
reaction towards litmus. The greater number 
of the oxides of non-metals are anhydrides; the 
metallic oxides which belong to this class are 
usually those containing the greatest quantity 
of oxygen relatively to the metal. The more 
negative the character of an element the more 
do tlie lower oxides of that clement exhibit the 
properties of anhydrides; the most positive 
elements do not form anhydrides. Metallic 
anhydrides do not, as a rule, produce acids by 
reacting with \vater, but most of them may be 
obtained from the corresponding li} druted oxides, 
having feebly-marked acid characters, by the 
action of heat; e.g. BtO, BlOj, TiOj, 

SnO^, (^'c. The formation of salts from these 
anhydrides is usually accomplished by fusing 
them with more basic oxides or hydrates; e.g. 
Ta^Oj + K.X) (fused) - K 2 Ta 208 ; in some cases the 
melailic anhydride dissolves in strong aqueous 
potash or sj^la to form a salt; r.g. 

AU 2 O 3 + 2K011Aq =s K 2 Au 20 ,Aq + i f.^O. A defi¬ 
nite connexion can bo traced between the posi¬ 
tion of an element in the clussificatory scheme 
founded on the periodic law and the existence 
or non-cxistence of anhydrides containing that 
element (v. Oxides; also Classification; and 
pEiuoDic Law). 

As a broad rule the anhydrides of the poly- 
basic acids may bo obtained from these acids by 
tho action of heat (the anhydrides art'usually 
the final products, before they are reached new 
acids arc produced), but this rule has excep¬ 
tions; e.g.y P 203 .cannot be obtained by heating 
II.,ro,. The anli/drides of monobasic acids are 
usually obtained indirectly, often by the action 
of an acid chloride on a salt, e.g. ClCl + HgClO = 
HgCl + CLO (this m( (hod is largely used in pre¬ 
paring organic anhydrides, v. next article) ; those 
anhydrides arc sometimes obtained from their 
acids by withdrawing water by the action of 
dehydrating agents; e.g. 2HNO, + PjOg® 
N 3 O 5 + P 3 O 5 H. 2 O. A few anhydrides are produced 
by heating salts of the corresponding acids; e^. 
FeSO^ when heated in air forms Fe^S^O, and 
this on further heating gives Fe^O, and 2 SO 3 . 

Besides their characteristic reactions with 
water and basic oxides, many anhydrides combine 
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with nonnal sftlti to produce *aoid* Belts 
h. Salts); e,g, K^OrO^+OrOj^KjCrjO,. 
K,WO^+WO,«^WgO,. Many of the non- 
tneiallic anhydrides combine with their own or 
other acids to form new acids; the follow¬ 
ing compounds are thus produced, (HN 03 )..N^ 0 ^, 
•H^SO^SO,, HClSOj, HSO^NOa, <fec. A few an- 
hydrides react mth basic oxides to form salts not 
of their own but of other acids; e.g., N^O reacts 
•with Na.jOjjAq to produce NaNO.Aq (not NaNO); 
such anhydrides seem to bo obtainable, indirectly, 
from more than ono acid, thus N .^0 is got by 
heating HNOAq or by heating solid NH^NOj. 

Most anhydrides may bo regarded as con¬ 
stituted of two or more acid radicles united by 
oxygen atoms; on this view such formulte as 
these would be applicable ;—N 03 . 0 . 03 N; CI.O.Cl, 
&Q. The mutual relations between acids and 
-anhydrides are repeated to a great extent in the 
relations of basic hydrates, or hydroxides, to 
thoir oxides; e.g. Fe^OgH^ when heated yields 
SHgO and Fe.O^; CaO when added to HjjO 
produces CaO-idz* Ac. 

At one time the name anhydride Included 
both basc-prudiicing and acid-produoing oxides; 
then the former class was distinguished as 
basic-anhydrides ; but now the name is almost 
universally employed with the meanings given 
to it in this article. The following arc the best 
marked anhy<lrides containing metals r—Sb.Oa, 
Sb,Oj; AsA. AsA; CrO,; (?Pi.A); 

AuA; Ir-A; MnO.,; MoO^; NbA; 

OsOi; rtO, rtO^; Ta-A? SuO, SnO.,; TA; 
WO,; 130,; VA, VA'; ZrO,. The sulphides, 
or hydrosulphides, of certain elements react with 
the anhydrides of thio-acids; As^S, dissolves 
in KHSAq to form KAsS.Aq, but the acid corre¬ 
sponding to this thio-arsenitc is unknown; again, 
WSj dissolves in KHSAq to form K.Avs,Aq, 
which reacts as the potassium salt of lliio- 
tungstic acid (H^WS,), which acid has not itself 
been prepared. The thio-acid corresponding to 
<he tliio-anliydrido SnS,, viz. ASnS,, has been 
prepared; CS, again is the thio-anhyIrido of 
thio-carbonic acid II^CS,. It is not, however, 
oustomary to apply the term anliydride to any 
sulphides even when an acid, or a series of 
salts, can bo obtained from them. M. M. 1*. M. 

ANHYDBIDES, ORGANIC. The anhydride 
•of an organic substance is a body derived from 
it by elimination of W'ater. The water may bo ^ 
derived from one molecule, or several molecules i 
may become united in the process; in tlie latter 
^msc * condensation * is said to take place a 
term which is also used when closed chains are 
produced. A molecule of w'ater may be derived: 

A. From two carboxyls. 

11. From one carboxyl ana one hydroxyl. 

C. From two hydroxyls. 

I). From one hydrogen and one hydroxyl. 

E. From carboxyl and amidogen. 

F. From carbonyl and amidogen. 

G. From hydroxyl and amidogen. 

A. Fkom two Cauboxylb. 

Acid Anhydrides. 

Formation.—1. On application of heat most 
inonocarboxylic acids distil imdccomposed, while 
di-carboxylic acids in which the carboxyls are 
attached to adjacent atoms of carbon give 
anhydrides, e.g. 


o^*<to:oh-oa<oo>®+®'»o- 

oarboxyb are attached to the same atom of 
carbon, GO, is split o3: 

CH,.CH(CO,H),=CH,.CHrCO,H + 00^ 

2. Anhydrides of monobasio acids are got 
by the action of acid chlorides on alkaline salts 
(Gerliardt, A. Ch. [3] 37, 285). Mixed anhy¬ 
drides of monobasio acids may be got in the 
same way. Instead of the alkaline salt the free 
acid may be used (Linnemann, A. ICl, 109). 
An acid heated with its chloride gives its anhy¬ 
dride in the following cases amongst others: 
acetic, trichloro-acetic, butyric, benzoic, and suo- 
cinic acids. Acetyl chloride heated with dibasic 
acids gives anhydrides of the dibasic acid in the 
following cases amongst others (a mixed anhy¬ 
dride is perhaps first formed): succinic, chloro- 
Buccinic, bromo-sucoinio, maleic, acetyl-malio, 
diaoetyl tartaric, diacetyl racemic, citraconio, ita- 
conic, camphoric, phthalic and diphenio acids. 
These anhydrides of dibasic acids readily absorb 
water from the air forming the corresponding 
hydrates, from which, however, they may be 
separated by chloroform which dissolves the an¬ 
hydrides only. Benzoyl chloride acts iike acotyl 
chloride. In neither ease are mixed anhydrides 
formed. 

Acetic anhydride at 120‘’-160‘’ also converts 
dibasic acids into their anhydrides, e.g. : 
succinic, camphoric, phthalic, and diplicuic acids 
(Anschutz, A. 226, 12). 

3. Anhydrides are also formed by the action 
of lead nitrate on acid chlorides (Lachowicz, B, 
17.1281), e.g.: 

2AcCl + Tb(NO,),=Ao,0 + PbCl, + N,0,. 

4. By passing pho.sgeno over heated salts 
(Hcntschel, B. 17, 1285): 

2NaOAc + COCl.,=A6,0 - 1 2NaCl -1 CO,. 

5. By warming the chlorides of tlie acids 
with dry oxalic acid, c.g. 2Ph.COCI-i 11,0,0,= 
(rh.C0),0 I 2IIC1 + CO, -1 CO (Auschiitz, A. 228, 
14). 

Reactions.—1. Simple anhydrides may 
I usually be distilled or sublimed, but mixed 
] anhydrides such as BzOAc are split up by heat 
I into two simple ones: 2B/.0Ac = Bz,0 + Ac,0.— 

' 2. They are insoluble in trater, but slowly eou- 
vorted by it into the corresponding acid; a con¬ 
version that is more rapidly ellcctcd by alkalis.™ 
3. rlfcoAoZ forms ethylctbersot llic corresponding 
acids.—4. Ammonia forms an amide and an am¬ 
monium salt: Ao,0+ 2NII, = AoNH,-rAoONH,, 
or, in the case of anhydrides of dicarboxylio acids, 
an amioacid.—5. BoiZiMm-amnZyawi reduces them 
to aldehydes and alcohols (Linnemann, A. 148, 
249). -6. I’CI, forms POCl, and acid chlorides.— 
7. Heated with NaOAo in sealed tubes at 200° 
some anhydrides yield ketones (Perkin, C, J, 
49, 325): 

• CII,.CO,Na -1 (CH,C0),0 = 

OH,.CO.CH, + CO, s- CH,.CO,Na. 

CH,.CO,Na + (C,H,C0),0 = 
C,H,.CO.CH, CO, + C,II,.CO,Nb. 
Intermediate addition-produets, such as 
CH,.C(p.CO.C,H,)rOKa, are perhaps the oauM 
of this reaction, , 

B. Froh Eydboxti. and Cuisoxn. 

This is the ordinary process of etherilloatioa; 

Eton + 0H,.00,H - H,0 + CH,.C0.0Ht. 
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Wben hydrox/l and oarboxyl are both present 
in the same molecule, spontahboua etherifica* 
Uon may take place, the reaction taking place 
between two molecules, as in the formation of 

iaotide, lactic acid 

HO.CHMe.CO 2 H, or by'splitting off water from 
one molecule, e.g. 

0 Ha.CH(On).CHj.CH 2 .CO. 2 H - 
CH 3 .CH.OHJ.CH 2 .CO.O. 

I_I 

In the latter case the alcoholic part of the mole¬ 
cule etherides the acid part, and the product is 
called a lactone (u. Lactones). Hydroxyl in the 
> and S positions gives rise to lactones. 

C. Fb()M two HYonoxYns. 

The elimination of water between two 
hydroxyls in different molecules produces an 
oxide or simple ether. The result is brought 
about by first forming an intermediate com¬ 
pound, e.g.: ! 

Eton + H..SO, = EtO.SO^H + H-P 1 

EtO.S(yr+EtOH = EtC)Et + H,SO< (u. Ethru). I 
When two hydroxyls arc altaoTiod to one atom 
of carbon they usually split oil water spon¬ 
taneously, producing carbonyl. 

Two hydroxyls attached to contiguous atoms 
of carbon may give rise to an oxide or internal 
ether, an intermediate body being first prepared, 
e.ff. 

HO.Cn 2 .CH..OH + HCl=C1.CH...CH.PH + H.0 
C1.0H2.CH2dH + KHO = Cn^.Ck., + KCl 1 - Hp, 


D. Ffiou ONE Hydbooen and one Hydroxyl. 

Water can be eliminated by the union of 
hydroxyl with hydrogen when they arc attached 
to adjacent atoms of carbon. This readily 
occurs with j 8 -oxy acids, e.g .: 

0H3{0H).CH2.C0..H = H..0 4 CH.tCH.COjH. 

CoH,.CH{bH).CH„.CO..H- 
HP 4- C,H5.0H:CIT.CO.,H. 


E. From Carboxyl at^d Amtdogen. 

Water can bo formed cither from the hy¬ 
droxyl and hydrogen, e,g, 

+ C„II,<gO>CO 

or from the oxygen of the carbonyl and hydrogen: 

>c.on. 

Compounds resulting from the first mode of 
dehydration are called lactams, those resulting 
from the second mode of dehydration being 
termed lactims. 

It is very dilficult to say which formula best 
represents a given compound; Baeycr considers 
that the arrangement represented by the lactim 
is the more stable, but that before tfndergoing 
chemical reactions it usually changes to the 
transition or labile condition represented by the 
lactam. The prefix pseudo is frequently applied 
to distinguish a lactam from a lactim. In the 
aromatic series the elimination of \\iitcr takes 
place spontant^uely when the two side-chains 
are in the ortho position, and when the condensa¬ 
tion can produce a ring, containing 5 or 6 atoms. 


Thaa 


condenses toO.H.<S ^°^> O.OH while 

produce an 

anhydride. 

F. From Carbonyl and AmDoosK. 

The case in which carbonyl forms part ol 
carboxyl has already been mentioned. 

Mono-alkoyl-o-diamiiies and o-amido-alkoyl- 
phenols exhibit a tendency to split off water and 
form Anliydro compoumls^ e.g. 

+ CA<0>C.C,H, 

(Hiibner, i.208, 278; 201), 339; 210,328). Tho 
first class of compounds may bo viewed as 
amidincs. Tlieseanhydro-compounds are formed; 
(1) From aromatic alkoylamides or alkyl phenols 
by uitration and reduction with tin and glacial 
acetic acid. (2) From [1:2] amldo- (or oxy) 
nitro-compounds by heating with acid chlorides 
or anhydrhlcs, and reducing the product. (8) 
From o-diaminos or o-amido-phenols by heating 
with acid chlorides or anhydrides. 

I G. FiiOM Hydroxyl and Ajiidooen. 

Alkyls can be introduced into araidogen by 
heating an amino with an alcohol or phenol, 
especially in presence of dehydrating agents; 
thus aniline boiled with (/3)-naphthol gives 
phenyl ■ (/3) -naphthylaraine. 

ANHYPBO-ACET-DI-AHIBO-BENZENE «. 
Etuenyl-pbenyleme^duminb. 

ANHTBBO • ACET - BI • AMIDO - BENZOlO 
ACID V. Ethenyl-di-amido-benzoic acid. 
ANHYDRO-ACETYL- v. Ethenyl-. 
ANHYDRO-DI-ACETYL-ACETAMIDIL 9 , 
Acetamidtne. 

ANHYDRO-DI-ACETYL-ACETAMIDINE V. 
Acetamidine. 

ANH7DR0 - 0 - AMIDO - PHENOL - ACETO - 
ACETIC ETHER v. Propenyl-o-amido-phenol «• 

CARBOXYLIC ETUER. 

ANHYDRO - AMIDO - PHENOXY - ACETIO 
ACID t). Glycolltc acid. 

ANHYDRO-AMIDOTOIYLOXAMIC ACID 
V. Hi-oxy-methylqtjinoxaline. 

ANHTDRO-ATROPINE v. Atropyl-tbopbin* 
ANEYDRO-BENZ- v. Benzknyl-. 
ANHYDRO-BENZ-DIAMIDO-BENZENE r 

BENZENYL-niENYLKNE-DIAJiriNE. 

ANHYDRO-BENZ - DIAMIDO - TOLUENE u. 

Benzenyl-tolylene-diamine. 

anhydro-benz-di-amido-tolyic acid 

V. BeNZENYL-PHENYLKNE-DUMINE CAUBOXTLIO AOtD. 

ANHYDRO-BENZOYL- V. Benzenyl-; or 
named as deri«^tives of benzainiiline. 

ANHYDRO -3ENZ0YL - AMIDO-DI-IOIYL. 
AltINE V, I!RS7.F.NVL-T0LXL-T0I.YLHNE-DIAMIHI1. 

ANHYDRO - CHLORO - FORMYL - AMIDO - 
PHENYL MERCAPTAN v> CiiLouo-MGTHBNXZt- 

AMIDO-rHENTt MEHCAPTAN. 

ANHYDRO-CINNAMOYL- u. Cisnamentl-. 
ANHYDRO-TRI-ETHYL-SDLPHAMIC ACID 

V. rn-EintL-AMiNE. 

ANHYDRO-FORMYL- v. Methenyi.- o* 
named as derivatives of formamidine. 

ANHYDRO-OLYCOLYL- v. Oxy-ethenyi,-. 
ANHYDRO-LDFININE v. Lupinine. 
ANHYDRO-NAFHTHOL SHLPHONIO ACID 
«. NAPniHOi<-sui.pno«ia acid. 





ARSTSid. OXAliX - Altnio • fSSStL 

limOAPTAiro„H.N,S,».e. 

0|H,<g^0-0<|>0^,. [about 300»]. 

Formaticm.^h By heating amido-phenyl 
mercaptan with oxalic acid and PCIj.—2. By the 
Botion of the chloro-methonyl-amido-phenyl 
mercaptan on mcthcnyl-aiuido-phcnyl mer* 
oaptan.—3. By iieating chloro • mclhcnyU 
amido'phonyl mercaptan witli zinc.—4. By the 
action of acetyl chloride or benzoyl chloride at 
160'’ on methcnyl-amido'phcnyl mercaptan. 

Preparation. —1. By lieating acetanilide (5 
pts.) with sulphur (3 pts.) to boiling for 30 
hours; yield 25 to 30 i).c. —2. By leading (CN).^ 
gas into an alcoholic solution of amido-phenyl 
mercaptan. 

Properties. —Sublimable. Colourless glisten¬ 
ing plates. Nearly insoluble in all solvents; 
dissolves best in toluene. Bitter taste. 

By fusing with KOII at 200° it 
is readily split up into amido-phenyl mercaptan 
and oxalic acid. On reduction with III and Pat 
150° it gives aniline and cthenyl-amido-phenyl 
mercaptan (Hofmann. B. 13,122l»). 

ANHYDRO - OXALYL - DI - PHENYLENE - 
TETEA-AMINE 

[above 300°J. From 

o-di-nitro-oxanilidc, Sn, and glacial IIOAc (Hiib- 
ner, A. 20H, 870). Yellow needles; insol. ^Yute^, 
CSj, and light p;-troleum, m. sol. glacial IIOAc, 
sl. 8ol. alcohol, ether and benzene. 
Salts.-B"2HCl2aq.-irH,SO,2aq. 
ANHYDSO-OXAXYL.DI-TOLYLENE-TETRA- 
AUINE 

CA{CH,)<|„>C-C<|jj>C.H3 (CH.). 

[103°?]. Formed by healing oxalyl-di-tolylene- 
diamine to above 200° (Ilinsbcrg, B. 15, 2001). 
Or from di-nitro-di-tolyl-oxamide, Sn, and IICl 
(Ilubner, A. 200, 373). 

Salts.—B^'IIXI,.—B"(AcOn )3 : glistening 
plates.—B"„H^S ()4 4aq: needles. 

ANHYDRO-PHENYI-ACETTE- v. Phenyl- 

BTOENYL-. 

ANHYDRO - PHTHALYL - AMIDO-PHENYL 
HERCAPTAN C,oH,jN,S, i.e. 

CA<s>C-C„H,-C<^>C.H,. [112 °], 
Prisms or needles. Insol. -water, sol. alcohol. 
"Weak base. Prepared by heating amido- 
pbenjl mercaptan hydrochloride with phthalyl 
chloride.* Salts.—B'lICl: decomposed by 
water (B'HCI)..PlCI,: slender needles (Hof¬ 
mann, B. 13,1233). 

AITHYDHO-PBOPIONYI.. v. raoPENTL-. 
AKHYDEO-PTEOOAIiO-KirrONE t». Uexa. 

OXT-BRNZOPnENONE. 

ANHYDBO-SAIICYL- o. Oxt-dekeentl-. 
ASHYDEO - BPCCINYL - AMIDO - PHEHYI, 
BEECAPIAN C„H,jNjSj U. 

C.H.<g^C.CH,..CH..C<g>C,H,- [137°]- 

Prepared by the action of succinamido on amido- 
phenyl mercaptan. Colourless needles. Bis- 
•olves in acids forming unstable salts. Very 
stable towards reducing agents. By fusing 
-with EOH amido-phenyl mercaptan is repro¬ 
duced. Salts.—B'HCl: yellow needles, de- 
tomposed by water.—(B'HCl).PtCl,: sparingly 


solablft spangles;—B'SClAnOl,: ysHow neadlsi 
(Hofinann, B. 18,1231), 

AHHT])B0.S171.PHAHIS0-«. Stmaao-. 
AHHYDEO - TOW YL - DI -AHIDO-BEHZEHB 

V. TOLOEKTL-PHENriENB-DIAMINE. 

ANHYDBO TOWYL.DIAUIDO.TOWEEE V. 

TonOENYIi-TOLTLENE-MAMINK. 

ANHYDEO-VAIEBYI,. v. Penienyi-. 

ASH- V. PlIENTl-IMIDO-. 

AHIt - AOETOACETIC ACID v. p. 19, 

Beaciion 18. 

ANIL.BENZYL.MAL01fICETHEBC,„H.,NO, 

1. e. C,n,.N:C(C,H,).CH(CO,Et).,. [7.1°]. Formed 
by tho action of caro-chloro-bnnzylidcne-aniline 
C^Hs.CChNPh upon sodio nialonic ether (Just, 
B. 18,‘Jl)2't). Large crystals; v. sol. alcohol and 
ether, iusol. water. It contains a hydrogen atom 
readily displaceable by sodium. Heated with 
dilute IICl at 120° it is split up into acetophe¬ 
none, aniline, ethyl chloride, and CO,. By heat¬ 
ing alone to about 150° it elimiiiates alcohol and 
is converted into {Fy. l;3:2)-oxy-phenyl-quino- 
linc-oarboxylic ether 

CH/C(OII):C.CO,Et. 

\N-CPh. 

Di-auil-benzyl-malonic ether C., 3 H,„N 204 {.«, 
(PhN:CPh).X(CO._,l'’,t).;. Formed by the action of 
exo-cliloro-beiizylidene-aniiino upon tho sodium 
compound of mono-anil-bcnzyl-mn Ionic other (J.). 
Plates. By heating with dilute 1101 or at 
120 ’ it is split up into benzoic acid, aniline, 
acetic acid, ethyl chloride, and CO^. 

ANILIDES.— Substances derived from acids 
by displacement of tho hydroxyl by phonyl-ami- 
dogen (NHPh). They are usually described 
under the acids to which they belong. Tlie term 
anilide may also be appli^‘d Tuoro generally to 
phenyl-amides and phenyl-unidos. 

Anilides of acids. 

Fonnatmi. -1. From aniline and acid chlor¬ 
ides : 0«H .COCl + NPhH,=IICl + C JI.CO.NPhH. 

2. By boiling amides with the equivalent quantity 
of aniline until no more NH., comes off, and 
purifying by washing with ether (Kolbe, D. 16, 
llOi)). XXO.NUu + NPhH, =. X,CO.NPhH + NH,. 

3. In some cases, e.g. formic and acetic acids, 
anilides are formed by simply heating aniline 
with the dry acid {cf. Tobias, B. 15, 28CC).— 

4. By action of aniline upon compound ethers.-— 

5. By tho action of aniline on acid anhydrides. 

• Properties .—Solid crystalline substances, V. 
si. Bol. water. 

.fie<zcri<nis.—Split up into acid and aniline by 
boiling aqueous or alcoholic KOH, by heating 
with HCl in a sealed tube, or by heating with 
cone. UoSO^ at 100 °. 

Anilides of phosphorous acid. 

Tri-anilide P(NHPh)j v. Aniline, reaef, 29. 
Di-anilide P(NHPh),(OH). Prepared by 
heating tf mixture of aniline (3 pts.) and POl, 
fl pt.), extracting with ether and ppg. with water 
(Jackson a. Menke, Am. 6 , 89). White 
amorphous mass;. sol. alcohol and ether. 
Anilides of phosphoric acid. 

Tri-(^nilide PO(NHPh),, [208’J. From 
aniline and POCI 3 (Sebiff, A.101,*302; Miohaelis 
a. Soden, A. 229, 335). Thin needles or six-sided 
trimetric plates (from alcohol). Insol. wateri 
aqueous acids, or alkalis. Forms a heza-bmao 
derivatiTOt [258°]. 



From (tniline (2 pts.) And POOt, (1 ptf, the pro- 
duot being treated tnth water (M. a. S.). Insol. 
water. Saponified bjr water or acids, not hy 
alkalis. 

Anilide of thio-phosplioric acid PS(NHPh),. 
[78°]. From PSOlj and aniline (Chevrier, Z. 
1888, 639). Insol. water. 

Anilide of arsenic acid AsO(OH).j(NHPh). 
Formed by heating aniline arsenate (BOchamp, 
0. B. 66,1172). 

Anilide of boric acid B.,0,NPhHj(?). From 
ethyl borate and aniline. Decomposed by water 
(Sohiff, A. Suppl. 6 , 209). 

AHILIPO- V. PnENYIi-AMIDO-. 

ANlhlNE C,H,N i.c. Phenyl- 

amine. Mol. w. 93. [- 8 °] (Lueius, jB. 6 , 1.64). 
(186° cor.). {Private communication from It. J. 
Friswoll) i (183-7°) (Thorpe, 0. J. 37, 221). S.G. 
S 1-0379 (T.). 1021B (Brilhl); (-5 1-0212 

(Friswell). C.E. (0°-10°) -000800; (0°-100°) 
•000925 (T.). (14°-25°) -000818 (F.). H.F.p. 
— 17460 (Thomsen); 2747 (Itamsay). H.F.v. 
-19190 (Th.). 1-6043 (B.). K® 49-83 (B.). 

S.V. 106-37 (T.); 106-08 (It. Schiff, B. 19, 660); 
109-1 (Itamsay). Vapour pressure-. Eamsay a. 
Young (C. J. 47, 047, 655). S. 5 at about 16°; 
the S.G. of the saturated aqueous solution is 

1-002.3; 1 - 001 . 100 pts. of a solution of 

water in aniline at 8 ° contain 4 0 pts. water 
(W. Alexejcll, B. 10, 709). Aniline saturated 
with water has S.G. f5 1-025 (Friswell). 

Formation. —1. Discovered by Unverdorben 
{P. 8, 397) among the products of distillation of 
indigo, amj called by him crystalline.—2. Ite- 
discovered rn coal tar byltunge {P. 31, 05, 513 ; 
82, 331) and called by him cyanol.— 'A. Obtained 
b;^ distillinh indigo (from indigofera ‘ Anil ’) 
with potaslij (Fi-itzschc, J. pr. 20, 453; 27, 153; 
28, 202) an'd then first called aniline. —4. Ob¬ 
tained from nitro-benzeue by reducing with 
ammonium Biulphido by Zinin {J. pr. 27, 149; 
36, 98) ami called by him bemidam. Also 
obtained byrv^ducing nitro-benzene with other 
agents: c.yfi^n and IICI (Hofmann, A. 55, 
200), ferroufe^etate (Bcchamp, A. Ch. [3] 42, 
1861, aqucoiWAs-O, and NaOH (Wohler, A. 102, 
127), zinc and water (Krcmer, J. pr. 90, 
256).—6. Iniltsfopcl’s animal oil (Ander.son, A. 
70, 32).—6..Bp^y distillation of amido-bcnzoic 
acids (HofniUtra a. Muspratl, A. 53, 221).— 
7. By distilhVB^Uatin with potash (Hofmann, 
A. 63,11).—81. iram di-phenyl-urea or di-phenyl- 
thio-urea byi Idfldon of PjO,, zinc chloride, 
or HCl (Hofito^ Pr. 9, 274): CO(NPhII).= 
NPhHj+CO:SG@^9. Among products of dis¬ 
tillation of J. Ph. [3] 36, 316).— 

10. By bcntii^dmassiiim benzene Bulphonato 
with BodamidiWp^son a. Wing, B. 19, 90’2).— 

11. By the act; alkaline solution upon 

benzamido 2737).—Vt2. From 

phenol, and together with diphenyU 

amine by hp iiwi^ henol with zino-chloride- 
ammonia, Zn(^BBp^ 2 » lo 350°. The 

addition of quantity of 

diphenylamine ^ aniline, 

lie best yioldtMW® P*®* aniline and 16 p.c. 
diphenylamine) T^ 8 >iained by heating 1 pt. of 
phenol with 4 and 4 pts.NH^Cl 

under pressure Mli0 °-340° for 20 hours.—(&) 
Together with dfllByiainina by heating phenol 


iHth a ihjtx^ o< ^^and%^^ also bx^hxU 
case an excess of HiCfCl diminishes the quanUty 
of secondary amine formed. The best yields 
(o. 66 p.o. aniline and 20 p.o. diphenylamine) 
are obtained by heating 2 pts. phenol with 
2 pts. ZnO ana S pts. NH,C1 at o. 330° for 
20 hours under pressure.—(c) About the same 
results are obtained by substituting Zn(NHj) 2 Br 3 
NfIjBr for the chlorides in (a) and ( 6 ). —- 
(d) Together with diphenylamine by heating 
phenol with NH,C1 and MgO. A yield of 
45 p.c. aniline and 20 p.c. diplionylamino was 
obtained by heating 20 pis. phenol with 8’8 pts. 
MgO and 21 pts. NH,Cl for 40 hrs. at 340"- 
350°.—(fi) Small quantities of aniline and diphe¬ 
nylamine (c. 4 p.c. aniline and 15 p.c. diphenyl- 
amine) are formed by heating phenol (1 pt.) with 
NR,Cl (2 pts.) alone, at 370‘^-400" (Morz a. 
Miillcr, B. 19,2901).—13. Diphenylamine heated 
with cone. IICI at 320° yields small quantities of 
aniline and phenol 

Preparation. — By reducing nitro-bonzene 
with iron filings in presence of a small quantity 
of hydrochloric or acetic acid i 

4rhNO.^ +411,0 + 9Fo«4PiiNn, + 3Fe30*. 
Nitrobenzene (100 pts.), water (40 pts.), iron 
borings (25 pts.), and HClAq (9 pts.) are mixed 
in a cast iron vessel and the reaction started by 
admission of steam; more iron borings (90 pts.) 
are then slowly added. When the reduction is 
complete, lime is added, and the aniline (67 pts.) 
distilled over with steam. Pure aniline is best 
prepared from pure benzene. Aniline may be 
purified by conversion into its acetyl derivative, 
rccryslallisiiig this from water, and saponifying 
it with alkalis or acids. Aniline phosphate is * 
less readily soluble in water than o-toluidine 
phosphate (Lewy, C. J. 46, 40). 

Properties. —Colourless oil; si. sol. water, 
miscible with most other menstrua. Turns red 
in air. Soluble in aqueous solutions of aniline 
hydrochloride. Its aqueous solution does not 
change the colour of red litmus or yellow tur¬ 
meric but it changes the violet colour of dahlia 
to green. Congo red may also be used as an 
indicator (Julius, S. G. I. 9,109). Aniline pps. 
ferrous, feriic, aluminium, and zinc, hydrates 
from their salts; it forms double salts with 
I’tCl^, AuCla, HgCl,, SbCIj, and iSiiCl,. It gives a 
brownish pp. with tannin. It coagulates al¬ 
bumen. Potash, soda, and lime expel aniline 
from its salts. NH^ is expelled when aqueous 
ammonium salts are boiled with aniline, but 
aniline is liberated when NHa is athPI to cold 
aqueous solutions of its salts. 

Detection.—1. Very dilute aqueous solutions 
give a violet colour with bleaching powder; the 
colour is destroy^ i by shaking with ether (Runge). 
2 . Fxtremely dilute aqueous solutions treated 
successively with bleaching powder and a drop 
of ammonium sulj'l’ide give a rose colour (Jac- 
quemin, Bl. [2J 20,08).—3. A solution of aniline 
in cone. H,SO,, mixed with a little solid K^CrjO, 
gives after some time a splendid blue colour; 
the reaction is hastened by gently warming 
(Beisseuhirz, A. 87, 376).—4. If a drop of 
GuSOfAq is added to an aqueous solution of 
aniline an apple-green crystalline pp. is formed 
even if the solution is very dilute; in extremely 
dilute solutions a green coloration is produced 
(Friswell). 





Aniline v&poar passed through 
a red-hot tube forms 0, NH,, HGN, benzene, 
benzonitrile (Hofmann, Pr, 19, 3d3), oarbazol 
(Graebe, A. 167, 125), iso^benzidine (v. di>iMn>o* 
oifHXNYL), and quinoline (Bemthsen, B. 19,420). 

2. Electric sixirks passed through liquid 
anilino form carbon, and a gas containing 
hydrogen (65 p.c.), acetylene (21 p.c.), prussic 
acid (0 p.c.), and nitrogen (6 p.c.) (Destrcm, C. R. 
99, 138). 

3. Dilute HgSOj and MnOj form NIIj 
(Matthlessen, Pr. 9, 637), and a Httlo quinonc 
(Hofmann, Pr. 13, 4). 

4. Chromic acidy CrOj, sets fire to aniline. 

5. Chromic acid mixture produces quinone. 

6. Potassium chlorate and hydrochloric 
add give tetrachlorociuinone (cliloranil) and 
trichloropbenol (Hofmann, .4.47, 6?; 53, 28). 

7. Potassiion pcf'iiianganatc gives some azo- 
benzeno (Glaser, A. 142, 304), NII„ and oxalic 
acid (Hoogewerff a. Dorp, B. 10,1936; 11,1202). 

8. Hydrogen ;pcroxide also produces azo- 
benzeno (Leeds, B. 14, 1384); which is also 
formed by passing aniline vapour over heated 
PbO (Behr a. Dorp, H. 6,755). 

9. Potassium permanganate in acid solution 
forms aniline black. 

10. Strong nitric acid violently attacks 
aniline; picric acid is among the products. 
Aniline nitrate dissolved in a large quantity of 
H^SO^ produces ^n-nitro-aniline and a small 
quantity of p-nitro-aniline (Levinstein, B. 18, 
Ref. 203). 

11. A mixture of aniline, odoluidin?, and p- 

toluidinCy is converted by oxidising agents such 
as nitric acid, mercuric chloride, lead nitrate, 
silver nitrate, arsenic acid, and stannic chloride '■ 
into aniline red {v. RosanUjINk). i 

12. Nitrous acid converts cold aqueous salts ; 

of aniline into salts of diazo-benzene (r. l)i-Aze- ’■ 
compounds); on boiling the solution nitrogen is ' 
evolved and phenol formed. Nitrons acid passed | 
into a cold alcoholic solution of aniline produces | 
iiazo-bcnzenc anilide. j 

13. When aniline is boiled with sulphur H .ft , 
ia evolved anddi*araido-di-phenyl sulphide (Ihio- | 
aniline) is formed together with other products i 
of substitution' of hydrogen by sulphur (Merz a. 
Weith.D. 3,978). 

14. Potassium produces NH, and azobenzene 
(Girard a. Caventou, Bl. [2] 28, .530). 

15. Chlorine acts upon dry aniline with great 
violence, producing a black mass containing tvi- 
ohioro-an^ine. 

16. Bromine behaves like chlorine. Bromine- j 

water added to solutions of salts of aniline give.s 
a pp. of tri-bromo-aniline [2:4:6:1]. 

* Bromine has no action on a so.ation of anilino 
in cone. H^SO^ (Morley, C. J. 51, 582), 

17. Iodine dissolves in aniline forming 
hydriodidc of p-iodo-nniline. 

18. Hot cone, sulphuric acid forms p-amido- 
benzene sulphonic acid; hot fuming ILSO., forms 
amido-bcDzeno disulphonio acid (Duckton a. 
Hofmann, C. J. 9, 260). 

19. Sulphide of carbon forms di-phenyl thio¬ 
urea 

20. Sulphide of carbon and ammonia pro- 
anoe crystals of C,*n„N,S,or (PliNH,.NH.CS)j8, 
decomposed by boiling water intoCS,, NH„ and 


di-pheayl-thio-nrM (Elasiiretz a. Eaehler, i. 

166,14^. 

21. Carbon tetrabromide forma diphenyl-p- 
amido-benzamidine hydrobromide 
PhNH.C(NPh).C«H 4 .NH^r (Bolas a. Groves, 

A. 160,174). CCL acts similarly (Hofmann, Pr. 

9, 284). 

22. Cyanogen forms a ‘ cyan-aniline * 
{C,H 5 NH,).,C,Nj, [210®-220®] (Hofmann, A. 66, 
129; 73,180; B. 3, 763). Insol. water, si. soL 
alcohol. Boiling acids decompose it into phenyl* 
oxamide, di-phenyl-oxamide, oxamido, aniline, 
and NH,. Nitrous acid produces a base 

(Senf, /.pr. [2] 31, 543). Salta of 
Cyananiline: B"2HC1. - B"n,PtCl«. — 

B''2HAuCl,.-B"2HBr.- B '2HNOa. 

23. Chloride of sulphur diluted with CSj 
forms tri-phenyl-guauidino (di-phenyl thio¬ 
urea being first formed, Claus a. Krall, B. 3, 
527; 4, 99). 

24. Heated with persulphocyanic it"' 

gives phenyl-thio-biuret. , 

25. Carbonylchloride,COCli,gives 4i.phenyl- 

urea. I ^ 

26. Caseous cyanogen cAforiJcforms^j.pliejiyl. 

guanidine (melaniline); in presence^ ^ water 
phenyl-urea is formed (Hofmann, A'' rjQ 130 ). 
CyCl passed into an ethereal solutflQp *{orma 
phenyl cyanamide (oyananilide, Qvohours a 
Cloez, 0. B. 38,354). Solid chlorideUcL^gen 
forms ‘chlorooyananilide’ /T,n.iivent. 

A. CO, 273). o' ^ 

27 . Cyanic acid forms phonyl-urcei- 

28. When treated in ethereal so' with 

perchloromethylmercaptan CCI 3 .SCI ’d'J, yields the 
compound CCls.S.NHGJIj. If the c. • i\J^qoX solu¬ 
tion of the latter body is mixed wiilK,, ftieoholic 
KOH or NH, it splits oil HCl and crystalline 
compound separates wliiili has t| . irobable 
constitution CCLS.NCgHi, (Batlike, Lj"» 19 , 395 ). 

29 . Phosphorus trichloride actsi^ vigorously, 

producing ‘ pliosphanilinc hytfg chloride ’ 
i;Cl,3C H N (Tait, [2] i., llf i. perlmp* 

the anihde of phosphorous acid P(N9r^ ji.tn 311 CI. 
PtCl,PCl, forms (PhNH),PPtc£g 

whence water produces 

(Qnesneville, 3/()jji7. scient. [3'|* ^ * 0 ^ 559 ). 


rcl,2?tCL, alcohol, and aniiir 


eat.e produce 


r(OKt),rtCL(C,H,N), and P.(OEt),Pf ,hH,N). 

(Cochin, C. 80, M02). Mui ^ 

■ SO. Pho^phmis oxychloride p,f,i ,fo,inccs very 
unstable amhde of phnsphono acui; . i>A(NPhH). 
(Schiff, A. 101, 302; Michaelis a. si® 4 . 229, 

31. Aniline, isohutync arHxtl i /nf.i mve 
iso-butyric anilide (Bardwell, Am. ' jjy'’" iifi). * 

32. Aniline-zinc-chloride and ^ Inamvl edeO’ 
hoi give amido-phenyl-isopontano,.^ 

33 . Chloroform at 130’ for’?' di-phenyl- 

formamidine, CH(Kl>)i)(NPhH). 

34. C%lorielrs, bromides, and ^ (3 of aloo- 

holio or acid radicloa act upon j^d Cniline as they 
do upon other primary aminee J,, Aminbb). 
Alkyls may also be introduced by.ol anl heatinK aniline 
hydrochloride or, better, hydrobr... * aloo- 

hols (Staidel a. Eeinhardt, B. 1^.' Methyl- 

aniline hydrochloride is 1 ,,, heat 

into toluidino hydrochloride (ji'’ jj, 6, 

720); similarly aniline hydroy.jSninride heated 
with MeOn at 290= form^S*' c.tMeWe, 



■AlfLlSiB,'"’'' 


OAM^NlIc,, 0,HMe JTMe„ and 
0,Me, (Hoimtnn a. Martins, B. i, 742), 

8S. AUthydes act npon anilinenrith elimina¬ 
tion of rrater; e.g. 

OH,.OHO + 2H^Ph=H,0 + C!H,.CH{NHPb) j 

OH,.CHO + HjNPh=HjO + CHs.CH:NPh 
(Sohifl, A. Suppl. 3, 344). The last formula 
ought perhaps to be written (CHj.CHjjINPh), 

METHrLKNE-ANlUSl!; EtUYLIOKNE-ANIIiIKE J 
CHLORO-ETnYr.mENE-ANiLiHE, ifto.). Aniline acts 
aimilarly upon fllucose, lemiiose, and galactose, 
forming C„II,(OIl),,(NPh) (Schiff, A. 164, 30; 
Sorokin, B. 19, 513). 

36. Aniline siil 2 }hitc gives with an ethereal so¬ 
lution of aldehyde prisms of PhNIl.C.,H,OSO., or 
PhNH.SOj.CHMe.OH (Schiff, A. lio, 127; 2'10, 
129). 

37. Chloral and aqneons SO, produce un¬ 
stable crystals of l'hNII;,SO;.CH(On).CClj 
(Schiff, A. 210,129). 

38. Acetone and aqueous SOj form an un¬ 
stable compound, PhNII, CjHnO SOj which is 
perhaps,Mc,C(OII).SO.,.NHPh (S.). 

39. Acetone (1 mol.) and PjOj two days at 
180° form Mc,C;Nl>h, (200°-220°) (Englcr a. 
Heine, B. 6, 612; c/. Pauly, A. 187, 222), 

40. Aniline hyilrochlorlde heated with 
acetone or mcsilijl oxide at 190° forms some 
(Py. 1, 3)-di-methyl-quinolinc (Englcr a. Riehm, 
B. 18, 2215, 3296). 

41. A mixture of aldehyde and acetone at 
100° give (Py. 1,3)-di-mcthyl-quinoIino (Royer, 
J. pr. [2] 33, 393). 

42. Paraldehyde and cone. HCl at 100° form 
(Py. 3)-methyl-quinoline (quinaldinc,Roebner a. 
yon Miller, B. 16, 2164). 

43. Aniline (1 pt.) distilled with glycerin 
U pt.) and HjSO, (2 pts.) forms gtdnoline 
(Konigs, B. 13, 911),* Quinoline is also formed 
by distilling acrolejn-anilinc, or by heating 
aniline with glycerin, nitrohemcne, and H.RO, 
(Skraup,ill.2,141). Aniline-cinc-chloridehoniod 
with glycerin forms skatolo (Eischer a. German, 

B. 16, 710). 

44. Accto-ncetic ether at 120°-150° gives 
Bceto-acelic anilide CH,.CO.CH.,.CO.NPhH (cf. 
Aoeto-aoktic acid, reaction 18), [85°]. SI. sol. 
water and NIIjAq, v. sol. NaOHAq and acids. 
Distilled with aniline it gives s.di-phenyl urea. 
Boiling potash produces aniline, acetone, and 
acetic acid. EejClj colours its aqueous solution 
violet. Hr produces CHj.CO.CHBr.CONPliH, 
[138°]. Cone. H^SO, forms (Py. 3, l).oxy- 
mcthyl - quinoline. Nitrous acid forms 
CH,.CO.C(NOn).CO.NPhH, [100°] (Knorr, A. 
230, 75). 

45. Acetophenone cyanhydrin gives rise to 

C, H,.CMe(iNlH'h)CN (Jacoby, B. 19,1515). 

46. An alcoholic solution of gninone pro¬ 
duces C,H.j(NHPh),0., and hydroquinone. Tho 
former dissolves in cone. H.SO, formieg a crim¬ 
son solution. 

47. Tetrachlnro-guinmie (chloranil) produces, 

similarly, 0,Cl.,(NIU'h).P2 (Hofmann, Pr. 13, 4 ; 
Hesse, A. 114, 292; Knapp a. Schultz, A. 210, 
104). , 

48. Aniline jnixed with an anilide and PCI, 
produces a phenyl-amidine; e.g. 

3PhNH, -4 3CH,.CO.NHPh + 2PC1, = 
8CH,.0(NPh).NHPh + P.O, + 6H01 (Hofmann, Z. 
1868,161). 

Vot. 1. 
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49. An3int hydrochloride uaiaeeionilriU at 
170° produce phenyl-aoetamidine: 

CHjCN + ByjPh » CH,C(NPh).NH,. 

60. With bemo-trichloride, FhCCl, (1 mol.), 
aniline (2 mole.) on warming acts violently 
forming the hydrochloride of di-phenyl-benz- 
amidine, O.H,C(NPh)(NPhH)2HCl: aniUne in 
glacial acetic acid, EnCl, and PhCCl, give, 
chiefly, the same body. 

61. But aniline hydrochloride (40 pts.), nitio- 
benzene (45 pts.), benzo-trichloride (40 pts.), and 
iron filings at 180° form the chloride of di- 
amido-tri-phenyl-carbinol (g. v.). 

52. Aniline (2 mol.) boiled with chloro-acetic 
acid (1 mol.) and water produces phenyl-amido- 
acetic acid and phenyl-imido-di-acctic acid; tho 
anilino salt of the latter, PhN(CIIj,CO.,NHji’h)j, 
crystallises in needles, [99°] (P. Meyer, B. 14, 
1325). 

63. An alcoholic solution of aniline, chloro- 
acetic acid, and ammonium sulphocyanide at 
100° deposits crystals of phenyl-thio-hvdantoic 
acid NII.,.C(NPh).S.Cn,.CO,H, [148 -152°]. This 
acid is decomposed by boiling with dilute (20 p. c.) 
H.,SO, into phcnyl-urea and thio-glyeollic acid 
(Jaeger, J.pr. [2| 16,17; Clacason, B. 14, 732; 
Liebermann, A. 207,129). 

54. Aeetamidoxim hydrochloride is converted 
by heating with aniline into acetanilidoxim, 
CH,.C(NOH).NHPh, [121°] (Nordmann, B. 17, 
2753). 

55. Kinccf/wifcformszincanilidc Zn(NnPh)., 
wliich is decomposed by water into Zn(OH) 2 and 
aniline (Frankland, Pr. 8, 504). 

Salts.—(Beamer a. Clarke, Am. 1,151; B. 
12, 1060; Hjortdahl, Z. K. 6, 471). — B'HCl. 
[192°] (Pinner, B. 14,1083). Needles or plates, 
v. sol. water and alcohol; may be sublimed.— 
B'jr.PtClj; yellow needles. — B'.H,,SnCl,; 
monoclinic. — B'jH.Cu€l— r.'ITBr; trimetric, 
0:5:0.^*723:1: *818. — B'HCdllr.,: trimctric. — 
BTII.—B'HBil, (Kraut, A. 210, 32:!).—B'HP: 
pearly scales, sol. water and boiling alcohol.— 
Il'HOIO,: long white prisms, sol. alcohol and 
ether, m. sol. water; explodes at 75°.—B'HCIO,. 
-BTIIO,. S.G.iai-48. Explodes at 126°-130°. 
—BTICNlIg(CN);. [ 88 °]. White needles or 

tables (Claus a. Merck, B. 16, 2737). — 
B',n,FoCy„: small micaceous crystals, v. sol. 
water, insol. alcohol and etber (Eisenberg, A. 
205. 267). — B'.,n.FeCy,. — B',H,CoOy,. — 
B'jHjPtCy,: triclinic (^olioltz, M. 1, 904). — 
B'.JIjPO,: laminas, v. sol. water, etber, and hot 
alcohol (Nicholson, A. 59, 213 ; Le—y, B. 19, 
1717). — B',H,PO,. — BTIPO 3 . — B'ji,P.30,. — 
BCH-SO,: m. sol. w'ater, si. sol. alcohol, insol. 
ether. Docs rot form an alum with ainminimn 
sulphate (Wo... G.N. 38,1).—B'H.,SO,: large- 
plates; converted by water into the neutral 
sulphate (Wellingioii a. Tollens, B. 18, 3313), 
— (Mah'^ewsky, J. Jf. 11, 364). r— 

B'„(II..S 04 ),HI, (Jorgensen, d. pr. [2] 14, 384).-b 
BIINO j. — Ghloro-acetate. [88°]. — 
chloro-acetatc. [122°]. — Tri-ehloro- 
acetate. -Oxalate B'jH.C.O,: tri. 

clinto columns, v. sol. water, si. sol.' gdcohol, 
insol. ether. — Phenate, B'HOPh. [30°]. 
(181°) (D.). (185°) (D. a. S.). Crystals resembling 
naphthalene (from alcohol or light polrolenm) 
(Dyson, G. J, 43, 466), Formed by boiling 
equivalent quantities of phenol and aniline 

T 
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r‘fhfhaloU, tW 6 '^. oeeSlM.—( 6 )-^ 0 |(^. 
tkolats, [83-4*^; orjrstalline powder Moia light 
petroleum) (Dyson, C. J. 48,469). Other salts 
ol aniline are described under the varions acids. 

Oombinations.—iSehiS, C.lt. 56,268,1095; 
Vohl, Ar. Ph. [2J148,201; Leeds, J. 1882,600). 
—BySiF,);: minute neeies, insol. benzene or 
petroleum-spirit; may bo sublimed; converted 
by water or alcohol into aniline silico- 
fluorido (Jackson a. Comey, B. 18, 3195). — 
B',Ag..SO, 2aq: hair-like crystals (Mixter, Am. 
1,239'). - B'jZnSO,. — B'.ZnClj. ~ B'.ZnBr,.— 
B'jZnIj.—C,H,NH.HgCl: amorphous pp. got by 
mixing hot alooholio solutions of aniline and 
HgClj (Forster, A. 175, 30).—B'jHgCl,: needles, 
got by mixing cold alcoholic solutions of aniline 
and HgC4-B',HgBr, [112®] (Klein, B. 13, 835). 

— B'.Hgl^. [60°]. Decomposed by alcohol.— 
B',Hg(NO*,),: pp., converted by hot water into 
CANH.HgNO, laq and (PhN)jHg,(NO;,), 2aq. 
—B'jCaC^-B'jCdCl,.—B',CdBrj.-E'.,CdI,.— 
B',Cd(NO,)j.-B',TiCl,.-B',SnIs.-B',SbCh.— 
B'jUrOjCL.—B'jMnCl.;.—B'.,MnBrj.—B'.,MnL.— 
B'.,FeCl.,.-^B'jSnCl,.-B',AsCl,. [c.90°]. (c.208°). 

— B'jSbCl,. [80°]. —B'jBiCl,. — B'BiOCl. — 
B'jCoCl.; 2EtOH: red leaflets, prepared by adding 
aniline (2 niols.) to an alcoholic solution of 
CoCl. (1 mol.); at 100° it becomes blue B',.CoCL 
(Lippmann a. Vortmann, B, 12, 79). — 
B'jNiCU 2EtOH: small green needles, similarly 
prepared; at 100 ° it becomes yellowish green 
B'jNiCl. (L. a. V.).—B',CuCI, (Destrem, Bl. 30, 
482).—B'jCuSO,.—B'jPtClj (Gordon, B. 3, 176; 
Cochin, Bl. 31, 499). — BTlCl^C^HiHCl. — 
B'PtCljCjH, (Gricss a. Martins, A. 120, 326). 

Acetyl derivative CjH,NO i.e. 
0JI,NH.d.n,0. Acetanilide. Mol. w. 135. 
[114°]. (295°). S. -34 at 14°; 6-59 at 102-6° 
(Friswell, lirivate com.). V.D. 4*8 (calc. 4-7). 

Formation. — 1. From aniline and AcCl 
(Gerhardt, A. 87, 164).—2. By boiling aniline 
with glacial acetic acid (Grevillo Williams, C. J. 
17,106; u.alsoCHEMiOAiCnANOE).—3. By heating 
aniline with acetamide (Kclbe, B. 16,1199).—4. 
From acetophenone-oxim and HjSO* at 100° 
(Beckmann, B. 20,1507). 

Properties. — Lamina) (from water); v. sol. 
alcohol, ether, and benzene. A saturated 
aqueous solution boils at 102-5° (Friswell). 

Beacthns. — 1. Passed through a red-hot 
tube it forms di-phenyl-urea, aniline, benzene, 
and CNBb-(Nietzki, B. 10,476).-2. ZnCI., at 260° 
gives flavanilino C^HuNj. — 3. PCI 5 forms 
CHi.CCljNHPh which readily splits up into HCl 
and CIIj.CChNPh. The latter m converted by 
water into HCl and acetanilij®, and by aniline 
into di-phenyl-acetamidine, CHj.C(NHPh);NPh. 
CH,.CCl:NPh changes a little above its melt¬ 
ing point [60°] into the hydrochloride of 
CH,.C(NPh).CH.,.CCI:NPh, [117°] which at 160° 
changes to the hydrochloride of amorphous 
C,„H„N., (Wallach, A. 184,86; cf. Michael, j. pr. 
[2] 36,207).-4, PjS,forms thio-acetanilide (Hof¬ 
mann a. bimpson, B. 11, 339; Jacobsen, 13. 19, 
1071; V. Tiiioacetic acid). —5. Heating with suZ- 
phur produces oxalyl-amido-phenyl mercaptan, 

C 6 H,<^g^C.C-^g^C^„ and some ethenyl- 
amido - phenyl mercaptan (Hofmann, B. 13, 


1686). — t. My SaOBt at 171)^ effiyi. 
ahillns AoIWh -f NaOBt - EtiitPh -i- KaOAA 
7. Nitrous acid passed into a solution ot aoet* 
anilide in glacial HOAo forms an unstable 
nitrosamine, PhNAo.NO,, [41°] (0. Fischer, S. 

9, 463)— 8. Nitric acid converts acetanilide 
dissolved in 4 pts. of H^SOi chiefly into p-nitro- 
acetanilide, some o- being formed. If the 
acetanilide is dissolved in 20 pts. HjSO, a small 
quantity of the m-compound appears (N61ting a. 
Coilin, B. 17, 201). 

Sodium acetanilide O^HjNAcNa(Bunge, 
Z. [2] 6, 119). Formed by distilling off the 
alcohol from an alcoholic solution of equivalent 
quantities of acetanilide-and sodium ethylate 
(Seifert, B. 18, 1358). Crystalline powder. 
Absorbs CO, in the cold, becoming sodium 
aoctyl-phcnyl-carbamate, C„H,NAc.CO.,Na. 

Mercury acetanilide (CjH,NAc),Hg. 
[216°]. Formed by melting acetanilide with 
HgO (Oppenheim a. Pfalf, B. 7, 624). 

Hydro ch 1 ori do (C„IIj.NHAc).,IICl crystal¬ 
lises in needles, decomposed by water. Bjy 
heating for half-an-hour at 250° it splits off 
acetic acid and yields the hydrochloride of dif- 
photiyl-acct-ami(Une CH,.C(NPh).NHPh. By t3 
, hour.-)’ heating at 280° it gives flavaniline. At 
j a still higher temperature quinoline bases nra 
I formed in small quantity (Molting a. Weingart- 
! ner, B. 18, 1340). 

v-Chloro-acetanilide CjHs.NClAo. Ace- 
tyl-phenyl-chloro-amide. [172°]. Prepared by 
adding a cone, solution of bleaching powder to a 
cone, aqueous solution of acetanilide containing 
excess of acetic acid, as long as a pp. is formed. 
Colourless needles. Scarcely soluble in water. 
Crystallises well from very dilute acetic acid. 
Heated to 172° it suddenly changes, with explA- 
sive violence, to the isomeric p-chloro-acetaniUdo. 
This change is also produced by cold cone. HCl 
with a violent reaction. It dissolves in warn* 
absolute alcohol at first unaltered, but after a 
few moments a violent reaction sefc in and the 
above change takes place. Alkalis and amine 
bases repl.aco the Ol by H. It converts aoeto- 
acetic etlicr into chloro-aceto.ucctic ether. Not 
attacked by boiling water (Bender, B. 19, 2272). 

Diacetyl derivative C„H„N02 i.e. 
C,H,NAc,„ [111°]. Diacetanilide. From phenyl 
thioeaibimide and HOAo at 140° (Hofmann, B. 
3,770): PhNCS + 2I10Ao = PhNAo., -t CO, -i- H,S. 
Plates. On distillation it gives acetanilide (Gum*, 
pert, J.pr. [2] 32, 293). 

Bensoyl derivative C,H,NHBz. [169°]. 

Feermaiion.—1. From aniline and BzOl 
(Gerhardt, A. Ch, [3] 37,327).— 2._ By the action 
of phenyl oyanato upon benzene in presence of 
AlCl,; the reaction probably being : 

(a) PhN.CO + HCl = PhNn.COCl. 

(5) PhNH.COCl + C.H, = PhNH.COCA-tH01 
(Leuckart, B. 18, 873). 8. From benzophenone 
oxim and H.,80, at 100° (Beckmann, B. 20,1607) 

Properties. —Volatile plates; insol. water. 

Jteaa'ions. — 1. PCI, forms PhNH.CCi 2 ph 
and then PhNiCClPh, [40°] (Wallach, A. 184, 
79).—2. Boiling withsttZph«rprodncosbenzenyl.A 
amido-phcnyl mercaptan. 

Oxim 0|,H,,N,0 i.e. 

Bme-anilidoxim. [136°] 


O.H,.C(NOH)NHOA 
Obtained by heanng 
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tnibbenzanUide' with fai73)rbz^liuiiina 
ohloiide and Ka,00| in aloohoUo solution tot 
about an hour (MiiUor, B. 19,1669). Slender 
needles. Sol. hot water, alcohol, ether, ohloro- 
lonn, and benzene, el. sol. ligroln. Dissolves 
both in acids and alkalis. Salts. — B'HCl: 
tol. alcohol.—B'jH.jCl.iPtCl,’'. Ethyl ether 
0,H,.C(NHPh);NOEt. [56°]; white pp. Ben- 
Boyl derivative CJI,.0(NHPh)NOBz. [116°]; 
white glistening needles; eol. alcohol, ether, 
and benzene, insol. water and ligroin. 

Di-beneoyl derivative NPliBzj. [136°]. 
From benzanilido and BzCl (Gerhardt a. 
Chibzza, C. B. 37, 90). 

Preparation. —Bonzanilide (18 g.) is heated 
with BzCl (14 g.) for 3 hours. 

Properties, —Needles (from alcohol). With 
dilute HCl at 120° it gives aniline and benzoic 
acid (Higgin, C. J. 41, 132). 

Di-beneoyl derivative 0„H,NBZj. 
[160°] (isomeric with precidiiig?). From ben¬ 
zoic acid (13 g. and phenyl tliiocarbimido (6 g.) 
at 220° for 6 hours (Losanitch, B. 6, 176; 
Higgin, C. J. 41, 133): PhN;CS + 2HOBz = 
PhNBzj+CO., + n,S. 

Properties.—Plates (from alcohol). With 
dilute HCl at 120° it gives aniline and benzoic 
acid. 

ANIIINE BLACK CjoH-iA' Nigranilinc. 
Formed by mixing aniline, a chlorate (of K, Na, 
or Ba) and a metallic salt (of Cu,Fe,V, Mn, or Ce) 
(Lightfoot, C. N. 11, 65; Lauth, Bl. [2] 2, 416 ; 
Higgin, Bl. [2] 7, 93; Guyard, Bt. [2] 25, 68; 
Bosonstiehl, Bl. [2] 25, 356; G. B. 81,1257; 
Kruis, D. P. J. 222, 347; Goppelsroder, C. B. 
82,331,1392; Coquillion, O.lt. 81, 408; Glcnk, 
D. P. J. 248, 234),• The quantity of metallic 
salt may be small; ammonium vanadate added 
to a solution of aniline hydrochloride (6 pts.) and 
NaClO, or KCIO, (4 pts.) in water (100 pts.) con¬ 
verts 100,000 timesits weight of aniline into black. 
An aniline black is formed at the positive polo 
when a solution of an aniline salt is electrolysed. 
Aniline black is purified by washing with water, 
alcohol, ether, and benzene. It is the hydro¬ 
chloride of a base, C 3 „H.^jN, 2 HCl; and can ba 
reduced by tin and HCl, or by III and P, to 
p-phenyleno-diamine and p-diamido-diphenvl- 
amine NACA-NH-OA-NH, (Nietzki, B. 
11, 1093). Electrolytic aniline black appears io 
be OjA»N, 2HC1 (Goppelsroder). 

ANILINE CABBOXYLIO ACID v. Puenyi,- 

CAUBAMIO ACU>. 

ANILINE DYES v. BoSAnmraE, Maoveine, 
Chbysakiune &o, 

ANILOTIC ACID is Nitro-salicylic acid v. 
Nitbo-oxy-benzoio acid. 

ANILOXALBENZAMIC ACID c. Phenyl- 

OXAUIDO-BENZOIO ACID. 

ANIL - PYEUVIO ACID 0,H,NO- i.e. 
CH..C(NPh).C 03 H. [122°]. Formed by the 
action of aniline on pyruvic acid (Bottingcr, B. 
16, 1924; A, 188,336). Crystals, v. sol. water. In 
contact with water it condenses to aipluvitonio 
or (Py. 3, l)-n:^thyl-quinoline carboxylic acid 
(o-v.). On bromination it yields tribromanll- 
mbromopyruvio acid. Salt.—BaA'^: v. o. sol. 
water. 

ANIL- u V iTONIO ACID o. (Py. 3)-Methyl 

UtwoLiM (Py. l)-OBrboxylio aoii ♦ 


m 

ASitAmBS. Aa^t ot mthyl-p-on- 

BENZOIC ACID. 

ANI8ANILIDB. Anilide ot methyl-p-ozi-’ 

BENZOIO ACID. 

ANIB-BENZ-ANIS-HYDBOXYLAMINE «. 

Hydeoxylasiine. 

ANIS - BENZ • HYDROXAUIC ACID v. 

Hydroxylamine. 

DI - ANIS . BENZ - HYDBOXYLAHINE «. 

Hydroxylauine. 

ANISE, OIL OF, The essential oil obtained 
by distilling the seeds of Pimpinella anisum or 
Ilticiimi anisatum with water. It contains 
ancthol (q. v.). If the oil is heated with dilute 
HNO, (S.G. 1-2) and the resulting heavy oil 
ah,akcn with warm NaHSOjAq, so-called 
anisoic or thianisoio acid 0,„H„SO, [below 
100°] is formed (Ijimpricht a. Hitter, A. 97,364; 
Staedeler a. Wiichter, A, 116,169). It is a very 
soluble crystalline mass, NH,A'aq.—NaA'aq.— 
MgA', 5aq.— CaA'., 2aq.—BaA'^ 3aq.—AgA'. 

ANISE CAMPHOK. A name for ancthol (g. t>,). 
AKISHYDRAMIDE 0.,4H,,N.,Oa 
(MeO.O,iH4.CH)3N2. TH-mdkyUb'i-oxTf-hrjdrO’ 
hmzamide. [c. 120°]. Formed by action of conOs 
NHjAq upon jp-methoxy-bcnzoic (anisio) alde¬ 
hyde. Prisms, insol. water, sol. boiling alcohol, 
ether, or cone. IIClAq (Cahours, A. Ch. [3] 14, 
•187 ; P>erta^mini, A. 88, 128). Changes at 170° 
into Anisin, a basic isomerido which forms 
salts: B'HClaq.—B'jHjPtCl*. 

ANIS-HYBROXAMIC ACID v. Hydroxyl- 

ANISIC ACID V. p-ili(JtAi/f-Oxy-BENZoio acid. 
ANISIC ALDEHYDE v. P‘Methyl-OxY-JiE.vzovs 

ALDEHYDE. 

ANISIC ALCOHOL v, p^Mcthyl-Ox.Y-nz^zYti 

ALCOHOL. 

ANISIDINE V. Methyl derivative of Auido* 

PHENOL. 

ANISIL C,eH „04 le. 

C,n,(OMe)—CO-CO-C«H,(OMo). [133°]. Pre- 
pared by oxidation of anisoin with Fehling’a 
solution (Busier, B. 14, 327). Yellow needles. 
Distils undecomposed. Sol. hot, si. sol. cold, 
alcohol, insol. water. On boiling with aloohoUo 
KOH it gives anisilic acid. 

ANISILIC ACID C„H,A i.e. 
(McO.G,n,),C{OU),CO^. [161°]. Prepared by 
boiling anisil with alcoholic KOH (BOsler, B. 14, 
328). Slender white needles. Sol. alcohol, si. sol, 
water. Dissolves in strong H..SO, with a violet 
colour. On oxidation with CrO, gives di- 
methoxy-benzopheuone. 

ANISIN V. ANlSnYDRAMIDB. 

ANISOlN, l.sHi.iO, f.c. 
MoO.C„H|Cn(GH}.CO.C„H,.OMe. Di-methyl-tri. 
oxy-phemjl-bcnvil-ketone. [113°]. Propar^ by. 
boiling p-mothoxy-beuzoic (anisio) aldehyde with 
alcoholic KOH (yield 60 p.o.; Busier, B. 14,326), 
or KCy (Bossel, B. [2] 6, 562). Needles; v. si. 
sol. water, si. sol. cold alcohol and ether. Strong 
H.,SO, dissolves it with red colour, rapidly 
changing to pale green, and on heating, to yellow 
and then purple. See also Hydro-anisois. 
ANISOlC ACID V. Anethol. 

ANISOL V. Mcfhyl-PHENOL. 

ANISOL - ISATIN v. Di-methyl-di-Oxx-ja. 

KIENYL-OXINDOLE. 

ANISOL-PHXHALIC ACID v. Methyl-Oxs. 

BSNZOFUENONE CABBOXYLIO ACID. 

« ft 
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ANISONITRILB. 


ASlBOmTS.lLSv, mnUdf mhyl-p-Oxt^ 

BIHZOIO AOn>. 

ANXSO-BIUREIBE V. Jhfeihyl-Oxt-jfEiiZiiirL- 

ANISUKIC ACID C.oHaNO, U. 
MeO.CcH^.CO.Nn.CH.^.COjH. Methyloxy-ben- 
90 yl-^lycocoll.~-lh‘om silver amido-acetate and 
methyl-jj-oxy-bcnzoyl chloride. Also secreted 
whenincthyI-7)*oxy-bcn/.oic (anisic) acid is taken 
into the stomach. Luminte. Split up by acids 
into glycocoll and anisic acid. 

Salts: CaA^^ 3aq.—AgA' (Cahours, A. 103, 
90; 109, 32; Graebe a. Schultzcn, A. 142, 348). 

ANISTL. This name is usually given to 
the radicle methyl-p-oxy-phenyl, CHjO.CbH^, 
but sometimes also to mcthyl-^-oxy-benzoyl, 
CH30.C,iH,.C0, which could more appropriately 
be called anisoyl. 

ANISYL BBOMIDE v. ^-DnoMO-rnENOL, 
MetkyUether and Jl/c^/it/Z-oxv-BENzoYL buomidb. 
ANISYL CABBAMIDE v. MethyUp-OxY- 

PHENYL-UREA. 

ANISYL CHLOBIDE v. jj-CiiLORo-riiKNOL, 
Methyhcther and Methyl-oxr-TiT,szoYL ciilobioe. 
ANISYL METHYL KETONE v. Mcthyl-OxY- 

ACETOniESONE. 

ANISYL-THIO-OREA v. Ucthyl’Oxx-suTLUYh- 

THIO-UUEA. 

ANISYL-DBEA v. il/<.’///;/?-OxT-PTiKNTL-UREA. 

ANOL a,H,„o i.c. no.c,i£,.CH:cn.cir,. 
[92-5°j. (c. 250°). Formed by lieating anethol 
with KOII. Shining laininm (from alcohol, 
ether, and chloroform) sol. KOHAq and reppd. 
by acids (Ladenburg, B. 2, 871). 

ANTHEMENE [04°]. (440°). 

S.G. .942. V.D. 127 (culc. 131). S. (alcohol) 
■033 at 25°. F.xtractcd from flowers of chamo¬ 
mile {Aiithemis nohilL.'i)hy lightpotro1cum,(Nau- 
din, Bl. [2] 41, 483). Minute needles, insol. 
water, sol. ether, petroleum, CSn, chloroform, and 
hot alcohol. 

ANTHEMOL (214°). Occurs in oil of 

chamomile nohilis). Thick liquid with 

camphor-like smell (Koebig, A. 195,104). Boiling 
dilute HNOj produces terophthalie and^^toluio 
acids. Aci'ii/l derivative (235°). 

ANTHOCYANIN, Blue colouring-matter of 
flowers V. Pksmenih. 

ANTHOXANTHIN. Yellow colouring matter 
of flowers, V. Pigments. 

ANTHBACENE le. 


cii on CH 




CH CH CH 


CH 


Mol. w. 178. [213°]. (0.360°). H.P.p. -116,000 
(v. Bechenberg), S.V. 195-8 (Ramsay). Alcoholic 
solutions containing loss than *03 p.e. exhibit 
absorption bands in the ultra-violet part of the 
spectrum (Hartley, C. J. 39, 162). 8. (ether) 
1*17 at 15°; S. (HOAc) *44 at 15° S. (benzene) 
1*7 at 16°. S. (alcohol) *08 at 16°; (dilute alco¬ 
hol, S.G. '84) *46 at 16° (Versmann, J. 1874, 
423; Bccohi, B. 12,1978), 

Oecurrence.^Jn coal tar (Dumas a. Laurent, 
A, Oh. [8] 60, 187)* From crude anthracene 


the following bodies may be extracted by acetic 
ether:—(a) Soluble in cold alcohol: carbazol, 
phenantbrene, fluorene, and a hydrocarbon 
[130°]. Carbazol is insoluble in CS2, the others 
dissolve, but can be separated by their piorates. 
(6) Soluble in cold benzene: synanthrene and 
two hydrocarbons [104°] and [97°].—(c) Soluble 
in hot benzene: anthracene (insoluble in dilute 
alcohol) and pseudophonanthrene (soluble in 
dilute alcohol).—(d) Insoluble in benzene: car¬ 
bazol (Zcidler, A. 191, 302). 

Fo7-mation. —1. By passing through red-hot 
tubes a mixture of ethylene with benzene, di¬ 
phenyl, or chrysene; or a mixture of benzene 
and styrene (Bcrthclot, BL [2] 7, 223; 8, 231; 
9, 295) or benzene and petroleum (Lctny, B. 10, 
412; 11,1210), or benzene and oil of turpentine 
(Schultz, B. 7, 113).—2. By passing benzyl- 
toluene, Ph.CH3.C„H^.CH3, through a red-hot 
tube, or over heated litharge (Bchr a. Dorp, B. 

6, 754; A. 169, 216).—3. By action of Aid, on 
a mixture of benzene and s-tetra-bromo-ethane 
(Anschutz a. Eltzbachcr, B. 16, 623).—4. By 
action of sodium on o-bromo-benzyl bromide 
(Jackson a. White, Am, 2, 392; B. 12, 1905).— 
5. By heating benzyl ethyl oxide, rhCH.MO.Fjt, 
with P.,0, (J- Schulze, J. pr. [2] 27, 518).-l6. By 
action of CHCl, or CHj,Cl„ on benzene in presence 
of AlCl, (Friedol, Crafts,'a. Vincent, Bl. [2] 40. 
97; 41,325).—7. By heating benzyl chloride with 
water at 200° and distilling the product (Lim- 
pricht, A. 139, 303; Ziricke, B. 7, 278).—8. By 
heating a mixture of alizarin with zinc dust at 
low red heat (Graebo a. Liebcrmann, A. Suppl. 

7, 207).—9. By distilling o-tolyl phenyl ketone 
with zinc dust (lichr a. Dorp, B. 7,17).—10. To¬ 
gether with toluene by the action of AlCI, on 
benzyl chloride (Perkin a.*nodgkinRon, O. J. 37, 
726).—11. By distilling bcnzyl-plienol with P^O., 
(Paterno a. Fikti, B. 6,1202).- 12. By lieating 
o-benzoyl-hcnzoic acid with zinc dust (Grcsly, 
A. 234, 238). 

Properlies. —Four- or six-sided monoclinio 
white tables with blue fluorescence. Insol. 
water, si. sol. alcohol, ether, benzene, glacial 
ITOAc, chloroform, CS., and light petroleum. 
Changed in sunlight into para-anthracene 
(paraphotene) [244°], which is insoluble in most 
menstrua, but is reconverted into anthracene by 
fusion. 

• Eslimaiion .—Anthracene (1 g.) is dissolved 
in boiling glacial IIOAc (45 c.c.), filtered if 
ncces.sary, and a solution of CrO, (10 g.) in 
glacial HOAc (5 c.c.) diluted with water (6 c.c.) 
is slowly added; a slight excess of CrO, should 
bo loft after long boiling. The liquid is diluted 
with water (150 c.c.) and the ppd. anthraqiiinone 
washed, dried at 100°, and weighed (Luck, B. 6, 
1.347; V. also Mcistcr, Lucius, a. Briining, JPV. 
16, 61; Paul a. Cownley, C. N. 28,175; Lucas, 
C. N. 30,190; Nicol, 0. E 30, 553 ; J.T. Brown, 
C. 81, 232; Versmann, C. J. 30, 347). 

Beaciiom.— l, Cone. HI at 280° forms an¬ 
thracene hydrides, toluene, and various parafling. 

2. Chrohiic acid produces anthraquinone.— 

3. Nitric acid also produce# anthraquinone, 
and not nitro-anthraccno.—4. Sulphuric acid 
forms Bulphonates.—6. COClj forms the chloride 
of anthracene (A)-carboxylio acid.—C. H^Os pro¬ 
duces apthraquinone (Leeds, B. 14,1382). 

piorio acid it forms 



AHTHRA.OpB;^ 


,88'] ; ted needier—With 
0„H,.0.H,{N0J^[16aT 
’8).—With nitrio aoid: 
(]„H,oNO,H [125°]. Formed by passing nitrous 
fumes into anthracene suspended in glacial 
HOAo at 20°. White needles or prisms, sol. 
alcohol or benzene, unstable when damp; con¬ 
verted by alkalis into nitroso-anthrone C„H,N 02 , 
[146°] and nitroso-hydroantbrone OnHnNO^ 
(Lieberraann a. Lindcrmann, B. 18, 1536).— 
With nitrio peroxide: OnHijN^O, [194°]. 
Formed by passing nitrous fumes into anthra¬ 
cene dissolved in glacial aoetio acid cooled below 
16°. Needles or plates, si. sol. alcohol and 
benzene; unstable when damp; converted by 
alkalis into nitroso-anthrone.—Hydro-an- 
thracono-nitrite, C,H,:CjH,( 0 N 0 ) 2 : 0 ,H, (?) 
[126°] is isomeric with the last body. It is 
formed by the action of HNO, on an acetic 
acid solution of anthraecne-di-hydride. Small 
crystals. Easily soluble in benzene. On boil¬ 
ing with alkalis nitroso-oxanthranol dissolves 
whilst uitronitrosoanthrone remains insoluble. 
Oxidation with CtO, converts it into anthra- 
quinone (Liebermann a. Landshoff, B. 14, 467). 

Constitution. —The constitutional formula 
given above is founded chiefly upon Formation 
3, 4, and 2, and upon the formula assigned to 
anthraquiuone (j. v.). Substitution in one of 
the benzene nuclei may be indicated by B pre¬ 
fixed to a number exactly as in the naphthalene- 
derivatives; substitution in the CjHj group is 
indicated by the prefix A. But in this dictionary 
the notation employed lor anthracene derivatives 
is usually exactly the same as that used for 
other benzene compounds (o. Benzbne). 

Additional Bcfcrences. —Graebe a. Lieber¬ 
mann, Z. [2J 4, 279. 503. 724 ; 5, 602 ; 6, 257 ; 
Fritzsche, if. Petersb. Acad. Bull. 9, 885; 13, 
631. Y. also MEinvi-iNTiiEACKNE, ErnYU-iK- 
inBAOEHE, BOTYL-ANTniUCENE, AMYn-iSTHKACENE, 
and their hydrides; also Chloko-, Bbosio-, 
Niieo-, antubacene, Anthbamine, Anthhol, An- 
THBANOL and SULFHO-ANTUBACENE CABBOXYI.IO 
ACID. 

Isoanthraoene C„H,j. [134°]. Obtained by 
passing di-bcnzyl-tnlueno, (from toluene, 

benzyl chloride, and zinc dust) through a red- 
hot tube (Webera. Zincke,B. 7,1156). Lauiinie; 
more soluble than anthracene. Converted by 
CrO, into a qninone , 

Para-anthraeene C„H,„. [244°]. Deposited 
when solutions of anthracene are exposed to 
sunlight. V. si. sol. alcohol, ether, and benzene. 
Changed into anthracene by fusion. Does not 
combine with picric acid (Schmidt, J. yir. [2] 9, 
248). 

ANTHRACENE BROMIDE 0„H,oBrj. Crys¬ 
tals formed by adding bromine to a solution of 
anthracene in CS, at 0° (Perkin, 0. N. 39, 
146). Split up by heat into HBr and bromo- 
anthraccue. 

ANTHRACENE CARBOXYLIC ACID 
0„H,A C„H,.COjH. [280° corr.]. Two 
anthracene carboxylic acids can be dbtained by 
distilling dryerflde potassium anthracene sulpho- 
nate witli K,FeCy„ and saponifying the mixture 
of nitriles that results (Liebermann, B. 8, 246; 
13, 48). They may be separated by baryta- 
water which forms a soluble salt wit]) the (8). 
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M^;'ii^^Ut;,lhColabla one' with the ( 7 )-acid. 
I 7 e 7 <nw<iM^%^two acids may be identioal. 

{By-iftthraceiie oarboxylio acid. [c. 260°]. 
Yellow needles (from alcohol). Insol. .water, 
si. sol, benzene and ether. Gives anthracene 
when heated with soda-lime, and anthraquinone 
carboxylic acid when oxidised by CrO,. Salts 
with heavy metals are v. sol. water. The acid 
and its salts show blue fluorescence. 

(7) -Anthracene carboxylic acid. [ 0 . 280°]. 
Formed also by reducing anthraquinone car¬ 
boxylic aoid with zinc dust and ammonia (Born- 
stcin, B. 16, 2609). Small plates or needles. 
May be sublimed. Sol. aoetio acid and hot 
alcohol, el. sol. cold alcohol and chloroform. 
Its solutions have a blue fluorescence. CrO, 
gives anthraquinone carboxylic aoid [285°]. 

Salts.—NaA': small spangles, si. sol. water; 
fluorescent. All the salts of the heavy metals 
are tolerably insoluble. 

Ethyl ether A'Et: [135°], white plater, 
with blue fluorescence. 

Chloride C|,H,.COCl: yellow crystals, 
soluble in alcohol, ether, benzene, and CS, with 
an intense green fluorescence. 

Amide C„H,.CONH,: [295°], slender yellow 
needles or plates, si. sol. alcohol with a blue 
fluorescence, insol. water, benzene, CS, and 
chloroform. 

Anthracene (A.)-carboxylic acid 
C,H,;C,H(CO,H):C,H,. [206°]. From anthra¬ 

cene and CO’Cl, at 200°, and saponifying the 
chloride by Na,CO,Aq (Graebe a. Liebermann, 

B. 2, 678). Formed also by heating (A. !)• 
chloro-anthracene {A. 2)-carboxylio acid with 
alcoholic potash (Behla, B. 20, 701). Silky 
needles (from alcohol); decomposed by heat into 
CO, and anthracene. V. el. sol. water. CrO, 
gives anthraquinone. Cl or Br (1 mol.) gives 
{A. l)-chloro- (or bromo-) anthracene (A. 2)- car¬ 
boxylic aoid. A larger quantity (2 mols.) of Cl or 
Br give (.1.)- di-chloro- (or bromo-) anthracene. 
Cone. H,SO, gives (B.)-sulpho-anthracene (A.)- 
carboxylic acid. S a 11.—AgA'. 

Methyl ether MeA'. [111°]. Yellowish 
prisms or tables. 

Antbracene-di-m-carboxylio add 

( 1 ) 

.CH- (3:4) 

C, H.< I >C,H,(CO,H),. [above 830“]. Formed 

\ch/ 

( 6 ) 

by reduction of an ammoniacal solution of tha 
corresponding anthraquinone-m-di carboxylio 
aoid with zinc - dust. Crystalline powder. 
Scarcely sol. water, m. sol. other solvents (Elba 
a. Gunther, B. 20, 1365). 

Anthracene-di-carboxylic add 

(11 

,CH. r3;4) 

XH,(C0,H),. [346°]. Formed by 

( 8 ) 

reduction of an ammoniacal solution of anthra- 
quinone-di-oarboxylio acid [340°] with zinc-dust. 
Yellow crystalline powder. Scarcely sol. water, 
si. sol. other solvents (Elba a. Eurich, B. 20, 
1363). 

ANTHRACENE CHLORIDE 0„H,.Clr From 
anthracene dissolved in CS, at 0° by passing 
in Cl (Perkin, C. J. 31, 209). Needles (from 


C,.H„0,H,(NO,),OH[i 
dinitrothiophene: 
(Rosenberg, B. 18, 17' 
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Iwnune). Splits up into HOI and chloraaihra- 
eene even in the cold. 

AinSBACEITE HYOBIOES. 

Anthracene di-hydride C„H,, [108’]. (313°). 
Formed by heating anthracene at 100° with 
HI and red P, or by treating a solution in 
alcohol (9.3 p.o.) with sodinm-ainalgam. Pre¬ 
pared by heating anthraquinone (,"0 pts.), HI 
jl40 pts. of S.0.1-8), and red P (10 pts.) with 
inverted condenser for one hour on a sand bath 
(Liebermann, A. Suppl. 7, 205; 212, 5). Largo 
Bonoclinic plates (from alcohol) or needles (by 
sablimation). Insol. water, v. sol. alcohol, ether, 
and benzene. Volatile with steam. Its solu¬ 
tions fluoresce blue. 

llcaclions. —1. Warm cone. H.,SO, forms 
anthracene and SOj.—2. Br added to its solu¬ 
tion in CSj forms di-bromo-anthrnccne.—3. 
Cone, nitric acid forms hydro-anthracene-nitrito 
(o. sup.) and dinitroanthrone.—4. CrO, gives 
anthraquinone. 

Anthraconehoxa-hydrideO„H„. [63°]. (290 ). 
From oxy-anthraquinoue (or anthracene dihy- 
dride), fuming HI and red P by boiling lor 20 
hours (Liebermann, ^1. 212, 25; Suppl. 7, 27.3). 
Plates (from alcohol). Volatile with steam ; v. 
sol. alcohol, ether, and benzene. At a red heat 
it is split up into hydrogen and anthracene. 

ANTHRACENE - HYDRIDE CARBOXYLIC 
ACIDS. 

Anthracene-di-hydride carboxylic acid 
CnH.A CHHn(CO,H). [203°]. Formed, 
together with the following acid, by reduction 
of anthracene-carboxylic acid, [280° cor.], with 
sodium-amalgam (Bornstein, B. 16, 2612). 
Colourless pflates. V. sol. ordinary solvents. 

AntUraoene-tetra-hydrido carboxylic acid 
C„H,j(CO.jH). [165°]. Colourlesstrimetriolables. 

Anthraceno-bexa-hydride carboxylic acid 
C,,n,5(COjH). [232°]. Formed by reduction of 
anthracene-carboxylic acid by heating it with 
HI (1‘7) and P at 220° (B.). Slender needles. 

ANTHRACENE-DI-HYDRlDE SULPHONIC 
ACID C„H„.HSO,. Prepared by reduction of 
sodium anthraquinone sulphonatowith 111 (S.G, 
1‘6) and red P (Liebermann, B. 12,189, A. 212, 
44). Decomposed by fusion with KOIX with 
formation of anthracene and anthracene hydride. 
NaA'aq: long soluble needles.—liaA'...— CaA'.j. 

ANTHRACENE SDLPHONIC ACID 
0,^SO,H. 

Fomtatum. —From anthraquinone sulphonic 
acid, HI (a G. 1‘7), and red P, by boiling for half 
an hour (Liebermann, A. 212, 48). 

Preparation. —From sodium anthraquinone 
Eulphonate (500 g.), zino dust (750 g.) and 
ammonia (3 litres of S.G. ‘88), at 100° 
(A. 212, 57; B. 15, 852). On oxidation by 
HNO, it gives anthraquinone sulphonic acid. 

Salts—NaA'4aq, v. si. sol. water.—BaA'^. — 
PbA'j 2aq. 

The existence of (a), and (A)-anthraocno snl- 
phonio acids amongst the disulphonio acids 
obtained by sulphonation of anthracene (Linke, 
J. pr. [2] 11,222) has been denied by Liebermann 
(B. 12,592). 

(aj-Anthraeene-disalpboiuc acid 
[l I] C.H,(SO,H):C,H,:C,H,SO,n [» <]. 

Preparation.—1 pt of anthracene is gently 
heated on a water bath with 8 pt6.of H,SO, for 


I an hour. - After dflutioo with water, the lUteiwi 
solution is neutralised with PbCO„ and the lead 
salts converted into the sodium saits. 

Since the sodium salt of the (a)-acid is muefa 
less soluble in water containing Na-CO, than 
the sodium salt of the (/8)-aoid it can be readily 
separated from the latter (which is formed 
simultaneously) (Liebermann a. Boeck, 3. 
11,1613; 12,182, 1287). 

Properties .—Minute needles. By fusion 
with KOH it gives (a)-dioxyanthracena 
(chrysazol), which is converted on oxidation into 
chrysazin v. Di-oxv-ANTnaAQUiNONE. 

Salt s. -Na,A” 4aq.—K-A" aq.—CaA" 6aq.— 
BaA" 4aq. 

(B)-Antbracene-disulphonic acid 
[t I] C.H,(S 03 H):C,H,;C„H 3 .S 0 ,H [| l], 

I^rej^araiion .—1 pt. of anthracene is heatei 
to lOO'^C. with 3 pts. of 1LS0< till half has 
dissolved. It is separated from the (a).acid, 
simultaneously formed, by conversion into the 
sodium salt. By fusion with KOH it gives a 
dioxyanthracene, which on oxidation is con¬ 
verted into anthrarutin v. Di-oxY-ANTniiA.QurNONB. 

Salts.—Na^A^^aq; white loallets, easily 
soluble with a blue lluorescence.—BaA"4aq; 
white lealicta.—A"Pb; crystalline pp.—CaA"3a(i 
(Ijiebormann a. Bocck, H. 11, 1013; 12, 182, 
1287). 

Anthracene - di - sulphonic acid (Flav*). 
ChH„(S 03H).,. Prepared by reduction of sodium 
(a)-anthra(iuinone di-sulphonate with zinc-dust 
and NH,, (Schuler, B. 15, 1807). 

Salta.—A"Na._.: solubIecrystals,itssolutions 
have a blue-violet fluorescence.—A"Ba: white 
crystalline powder. 

ANTHRACHRYSOITE v, te^m-OxY-ANTHiU* 

QUINONB. 

ANTHEACYL-AMINE n. AN-rint.unNK. 

AKTHBAFLAYIO ACIB v. Bi-oxv-anijiiiaqui- 

NONE. 

ANTHEAOALIOIi v. (1,2,3)-^? i-OxY-ANTHBA* 

QUINONE. 

ANTHEAHYBROftTJINONE v. Oxantubanou 

ANTHBAMINE ChH„N i.e. 
C,jH,:(C 3 H.J:C„HjNH 2. Anthracijlamine. Amido* 
ajithraccne. Anthrylaminc. [237°J. 

Fonnalion. — 1. By lioating amido-anthra« 
qninone with HI and P.—2. By heating anthroJ 
wBh acetamide at 280*^ and saponifying the 
acetyl derivative so produced.--3. By heating 
anthrol with 10 p.c. aqueous NIX., at 250'^; the 
yield is nearly theoretical.—4. By Imating an¬ 
throl with alcohol and ammonia at 170°. 

Properties.—YeWovi plates (from alcohol). 
May bo sublimed; si. sol. alcohol, the solution 
having a splendid green fluorescence. Is a weak 
base, dissolving with dilflculty in boiling H01« 
Forms a blue mass when fused with arsenic 
acid. Is readily methylated. 

Reactions, —1. Does not give the carbaminc 
or mustard oil tests.—2. Boiling HOAc gives 
di-anthramino.—3. Chloroform and alcoholic 
potash glfve rise to di-anthryl-formamidinc 
4. Nitrbiis add givec 
G^aHjiNsO, [250°], a body which forms a red solo* 
tion in CS^, and a blue solution in H2SO4. 

Salts.—B'HCl: white iridescent plates, 
sol. watet; formed adding Hd to an slcob^ 
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(olatwa of tho bote. Its solotion do<« not 
flaoreseo.—B'sHjSO,: v. si. sol. water. 

Aettyl derivative OnHjNHAo. [240?]. 
Plates. Its alcoholio solution fluoresces blue. 
CrO, gives acetyl-amido-anthraquinone. 

Formyl derivative CuH.NH.CHO. 
[242°]. Small yellowish-green crystals, si. sol. 
alcohol, with green fluorescence. 

References,— Eoemcr, B, 16,223; Liebermann 
B.Bollort,B.16,226, 852; 10,1635; A. 212,67. 

Di-anthramiae C.,H„N i.e. (C„H,)jNH. Di- 
anthraeylamine. Prepared by boiling anthra- 
mine with acetic acid (Bollert, B. 10, 1636). 
Does not melt at 320°. Small glistening plates. 
Very sparingly soluble in all solvents. 

AHTHKAMINE-DI-HYDRIDE C„H„.NHj. 
Slender colourless needles. Very soluble in 
alcohol. Formed by reduction of anthraminc with 
sodium-amalgam.—B'HCl; sparingly soluble 
white needles (Liebermann a. Bollert, B. 15,853). 

ANTHRANIL C,H,NO i.e. C.H,<® jj> {?). 


o-Amido-benzoie lactam, (o. 213°). V.D. 
4'14{ob5.). Formed by reduction of o-nitro- 
benzaldehyde with tin and acetic acid (Fried- 
lander a. Henriques, B. 16,2105). Colourless oil; 
volatile with ste.im. Soluble in ordinary solvents, 
but sparingly in water. Very weak basieproperties. 
Eeduces salts of gold and silver to the metal. 
By alkalis it is converted into anthranilic .acid 
of which it is the anhydride. Double compound 
C,H,,NOHgCl.;: [174 ’]; slender needles, sol. 
alcohol and hot water, si. sol. cold water. 


.CO 

Benzoyl derivative C,II,^ | . [123’]. 

\nBz 

(above 360° with decomposition). Formed by 
heating isalo'ic acid.with BzCl (E. v. Meyer, J. 
yr. [2] 33, 19). Long white needles; readily 
takes up H.,0 forming bcnzoyl-anthranilic acid 
(Fricdlandcr a. Wleugel, B. 16, 2229). 

ANTHHANIL v-CARBOXYLIC ACID v. 

ISATOIO Acin. 

ANTHRANILIC ACID v. o-Amido-denzoic 


ACID. 


ANTHRANOl O„n„0 i.». 

/C(OH). 

C,n,<; I >CbH,. (163°-170°). From an- 
'CH ' 


thraqninone (30 g.), HI (140 g. of S.G. 1-75), | 
and red P (8 g.), by 15 minutes’ digestjon 
(Liebermann, A. 212,6). Needles (from benzene). 
Its alcoholio solution shows blue fluorescence. 
Decomposed by heat, becoming greenish. Dis¬ 
solves in a<iueous KOH, forming a yellow liquid, 
whence CO. pps. the anthranol. The alkaline 
solution is oxidised by air, some anthraquinone 
being formed. CrO, in glacial HOAc completely 
oxidises anthranol to anthraquinone. 

Acetyl derivative. (126°-131°]. Whito 
needles (from dilate alcohol). 

ANTHRANOL DIHYSRISE 

C-H<c2(OH)>C.H.. [76°]. 

Preparation.—bOgsms.ot anthraquinone are 
mixed with lOQ grms. of zinc dust and heated 
over a water-bath with 300 o.o. ammonia and 
200 0 . 0 . of water. The liquid turns at first blood- 
red from.oxanthranol, but after three hours this 
ta reduced, the liquid becoming yellow. The ! 
liquid is filtered, the pp. dried, at* 16°, and , 


extracted with boiling benzoline (40°-.60°), from 
whioh the anthranol dilwdrida jsrystallises oo 
cooling (H. B. v. Pergor, J.pr. [2] 23,189). 

iVppcrties.—Slender satiny needles, which dis¬ 
solve in benzoline, forming a solution with bluish 
fluorescence. May bo crystallised from boiling 
water, but by long-continued boiling with water 
or with alcohol it is converted into anthracene: 

DIANTHRANYL CaH,, 

C,H, 0„II, 

/\ /\ 

HC — C —0 — CH. [300°]. Yellowish plates. 

\/ \/ 

CJI, C.H, 

Formed by heating anthrapinacone C.„Hj,0, 
with acetyl chloride (K. Schulze, B. 18, 3035). 
ANIHRAFINACONE 


CA C.H, 

Cj,H.A »•<!• OH.,<;^C(OH).C(OH)/\cHr 
C,H. 

[c. 182°]. Formed as a by-product of the re. 
duction of autliraquinono to dihydroanthranol 
by means of zinc-dust and NH^. Long slender 
white needles. Sol. hot benzene, toluene, or 
xylene, si. sol. alcohol, insol. petroleum-ether. 
On heatingwith acetyl chloride, 2H.D is removed 
giving dianthranyl C.,,!!,, (Schulze, B. 18,3034). 
ANTHRAPURPURIN v. Tri-OxT-ANTHBAqui. 


NONE. 

ANTHRAQUINOL v. OxANTnnANOL. 
ANTHRAQUINOLINE C„H„N i.e. 

H 

H /Cv 
C^ ^CH 

, II I [170°]. (446°). 

C-C. ,.C-N = CH 

II \^CH=ilH 




Formation. —1. By heating alizarin-blue 
with zinc-dust.—2. By heating a mixture of 
nnthramine, nitrobenzene, glycerin, and H,SO, 
(Graebe, B. 17,170; A. 201, 344). 

Properties. —Tables, insol. water, sol. alcohol 
and ether; its solutions show intense blue fluo¬ 
rescence. Its salts arc yellow and possess in 
solution an intense green fluorescence. B'HCl.— 
B',H-PtCl,.-B'HI.—B'n,SO,. 

With picrio acid it forma 
C|,H„N C,H„(NO.),,On: slender yellow needles. 
With ethyl iodide: B'Etl; golden needles, v. 
sol. hot, si. sol. cold, water. 

ftttinone C|.H,,NOj. [185°]. Formed from 
the preceding by CrO,. Yellow prisms or needles, 
insol. water,sol. in alcoholand other. Salts.— 
B'HCl: sulphur-yellow needles, si. sol. water, 
but slowly decomposed by it.- B'jH,PtCl,. Picrio 
acid compound B'C,H,N,0,: golden needles. 
ANTHRAaVINONE 

C„HA *■«. C„H,<®^>C.H,. Mol. w. 208. 

[273°]. s. (alcohol) -05 at 18°; 2-25 at 78°. 
V.D. 7-33 (calc. 7-20WGraebe, B. 6,16). 

Formation. —1. By oxidation of anthracene 
(Laurent, A. Ch. [2] 60, 220 ; 72, 415; A. 34, 
287; Anderson, C. J. 16,44).—2. Ftomphftalyi 
chloride by heating with benzene and zinc-dust 
in sealed tubes at 220° (Piccard, £. 7 , 1786) or 
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b; treatment with Aid!, P'riedel a. Crafts, BU 
[S] 29, 49).—8. By dry duWatioB ol oaleium 
phthalate (Fansotovits, B. 17, 312). — i. To¬ 
gether with benzophenone by distillation of 
calcium benzoate (Eehuld a. Franchimont, B. 

6, 908).—-S. By heating o-{bnt not p-) benzoyl- 
benzoio eeid with P.,0, at 200° and extracting 
with benzene (yield 20 p.o.; Behr a. Van Dorp, B. 

7, 678).—6. In small quantity, by distilling 
tonzoic acid with P.,0, (K. a. F.).—7. From 
phenyl o-tolyl ketone, MnO,, and H,SO^q (Behr 

а. Dorp, B, 6, 753 ; 7, 16).—8. By acting on o- 
bromo-benzyl bromide dissolved in ether with 
Na and oxidising the product (anthracene) with 
CrO, (Jackson a. White, Am. 2, 390).—9. By 
action ol water on ‘antbraquinone chloride’ 
0„H,C1,0, obtained by passing chlorine into 
phenyl o-tolyl ketone at llO” (Thorner a. Zincke, 
B. 10,1479). 

Pr^ration .—Anthracene is dissolved in 
glacial acetic acid; E2Cr20, or CrO, is added; 
the liquid is then heated to 100°, the acetic 
acid is distilled aS and the antbraquinone ppd. 
by water. Large quantities are prepared by 
oxidising antbiaccne (100 kilos.) with K 3 Cr., 0 , 
(160 kilos.) sulphuric acid (200 kilcs.) and water 
(2,000 kilos.). 

Br< 2 Mrto.—Yellow needles (by sublimation). 
Insol. water, v. el. sol. alcohol, si. sol. benzene. 
Not attacked by alcoholic KOH at 200°; or by 
cold Br. 

Beactiom.—!. Bromine at 100° forms di- 
bromo-anthraqninone (j. v.).—2. HI end P form 
anthranol and anthracene dihydride.—3. Heated 
with line dust to dull redness it is reduced to 
anthracene.—4. Bine dust and aqueous NaOH 
giveoxanthranol, 0,H,:(0,H,0,) :C,H, (q. i>.): when 
alkyl iodides are added alkyl oxanthranols are 
got. When stronger soda is used and the 
alkyl iodide is not added until the reduction is 
complete, alkyl-hydro-authranols (v. Hyduo- 
asiBBANOi) are got (Liebermann, A. 212,100).— 

б. Bine dust and aqueous NH, give dihydro- 
oianthranol, C,H,:(C,H,0,):C.II..-6. PCI, di- 
luted with PCI, at 200° forms chlorinated 
anthraquinones (Graebe a. Liebermann, A. 160, 
121).—7. Potask-/asio» at 250° forms potassium 
benzoate. 

Constitution.—The formation of anthra- 
qninone from phthalyl chloride (q. v.) and ben¬ 
zene might be thought to indicate the formula 


This formula is open to 




several objections:— (a) the group C,H 4 :C is 
unknown; (6) it represents a lactone which 
should be converted by KOH into an oxy acid: 
(cl antbraquinone reacts with hydroxylamine 
wmle phthalido and its derivatives do not 
(E. V. Meyer, J.pr. [2] 29,139, 496; V. Meyer, 
B. 17,818). There remains the formula 

which agrees with that of 

XH\ 

anthracene CJH/I /C),H, and must there¬ 
fore be adopted. Bromo-phthalic acid, benzene, 
and AlCl, give bromo-benzoyl-benzoic acid, 
CO,H.O,H,Br.CO.C,H„ in which it is evident that 
the carbonyls are o to one another. Cone. H.,80, 
condenses this acid to bromo-anthraquinona, 


whesoe potash-fusion forms an oxj-antbiaqo 
none bom which phthalic (not oxy-phthalio) aoii 
can be obtained by nitric acid. Hence the twi 
carbonyls are o to one another in both beneen; 
nuclei (Pechmann, B. 12, 2126). 

Derivatives of anthraquinone are described ai 
CBLOBO-ASTHnAOUIBOHE, BBOMO-AUTmUqUINONI, 
Oxy - ANinBigoisoNE, Oxy - methyl - ahthbaqui- 

KONE, MEIHYL-iUJTHBMOINONE. 

ANIHRAQUINONB CABBOXTLIC ACID 
C„H,0. i.6. C.H4:(0A):0.H,C0.,H. [282»- 

284°]. Obtained by boiling methyl-anthracene 
(Weiler, B. 7,1186; 0. Fischer, B. 7, 1196; 
Liebermann, A. 183, 166; J.:pp a. Schultz, B. 
10, 1051), methyl-anthraquinone (Hammer- 
Bchlag, B. 11, 82), or anthracene carboxylic 
acid [280°] (Liebermann a. v. Bath, B. 8, 248), 
with CrO, and HOAc, or the compound C„H„0 
(obtained by action ol cone. H.SO, on arayl- 
oxanthranol) with CrO, and H,Sd, (Liebermann, 
A. 212,97). 

Properties.—Compact yellow prisms (from 
alcohol); yellow needles (by sublimation); v. 
si. sol. HOAc, benzene, and alcohol, v. sol. 
acetone. Decomposed by heat into CO, and 
anthraquinone. The sodium salt is insol. 
NaOHAq. 

Salts.—BaA',(?Aq) needles, v. soL hot 
water.—CaA',(?Aq). 

The following derivatives are got from the 
acid obtained by oxidising methyl-anthraquinone 
(Liebermann a. Glock, B. 17, 888). 

Ethyl ether A'Et: [147°], needles, easily 
soluble in alcohol. 

Chloride C„H,0,.COCI: [147°], needles, 
very stable towards water. 

Amide CnHjOj.CO.NH,: [above 280°], 
needles, very stable compound. 

Anilide C„H,0,.CO.NHPh: [260°], needles, 
very sparingly soluble in most solvents. 

( 7 ).Anthraquinono carboxylic acid. [285°]. 
From the corresponding anthracene carboxylic 
acid (Liebermann a. Bischof, B. 13,49). Yellow 
needles (from glacial HOAc). Its alkaline solu¬ 
tions do not Ouoresce. Its barium salt is v. si. 
sol. water. This acid may be identical with the 
preceding. 

Anthraquinone-di-m-carboxyUo acid 

( 1 ) 


0,H4<^^>C«H2(C0aH)*. [above 330^]. Formed 
* (fl) 

by oxidation of the corresponding w-di-methyl- 
anthraccne. Yellow needles. Nearly insol. 
water, si. sol. other solvents. Dissolves in 
aqueous NH, with a ted colour; the NH^ salt 
crystallises in easily soluble small red warts; 
its solution gives with AgNO, a reddish pp. of 
A"Ag.^. By zinc-dust and aqueous NH, the acid 
is reduced to anthraceno-m-di-carboxylic Mid 
(Elbs a. Giinthcr, B. 20,1364). 
Anthraquinone-di-carbozyUo acid 

C.H 4 <®°>C,H,(CO;h),. [340°]. Formed by 
( 0 ) ‘ 

oxidation of di-methyl-nnthraquihone [183°] by 
HNO, (1-2) at 220°. Yellow needles. Scarcely 
sol. water, si. sol. most other solvents. Dissolve* 
in aqueous NH, with a red colour. On booting 
II tosec 1^0, giving the anhydride. By zinc- 


( 2 : 1 ) 
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diut and aoaeous NH,it is radaosd toantbra- 
aaae-di-oarboxylio acid [S45% The solution of 
the NH, salt gives pps. with OaOl,, Pb(OAo)., 
and AgNO,. 

Anhydridt C.H,CA.C.H,<°0>0: 

[890°J; sublimes in small yellow needles (Elbs 
a. Eurioh, B. 20,1362). 

AHIKBAaHINONE-OXIB 

c.H.<C{Non)>o_H.. 

Fonned by heating anthraquinone with hydroxyl- 
amine hydrochloride and alcohol at ISO” (Gold¬ 
schmidt, .6. 16,2179). Bed crystalline powder. 
Sublimes without melting above 200'. Dissolves 
in HjSO, with an intense yellow colour. 

ANTHRAQUINONE SULPHONIC ACID 
0„H,SO, fe. 0.H.:(C0 )j: 0,H3.S0,H. Formed 
together with the disulphonic acid by heating 
anthraquinone (1 pt.) with H^SO, (2^ pts.) at 
260'’. Also from diamido-anthraquinone sul- 
pbonic acid by diazo reaction; and from o- 
benzoyl-benzoio acid and fuming ILSO, (Lieber- 
mann, A. 160, 131; Suvpl. 7, 805; v. Perger, 
J.pr. [2J 19, 218). 

Properties. —Yellow scales, v, sol. Avater and 
alcohol, V. si. sol. H^SO, and ether. 

lieactions. —1. Fused with potash it forms 
alizarin, oxy-anthraquinono, and benzoic, p- 
oxy-benzoic and protocatcchuio acids.— 2. HI 
and P form anthracene sulphonio acid and its 
dihydride.—3. Anthracene sulphonio acid is also 
produced by sodium-aiiialyam, and by zinc-dust 
and amnionia. —4. Ammonia at 190° forms 
amido-anthraquinone.—5. Distillation of the 
sodium salt produces, besides small quantities 
of anthraquinone and oxyanthraquinone, chiedy 
a compound C.,H,»0, which melts far above 
.300'’. This compound forms minute reddish- 
yellow needles (from glacial HOAo), si. sol. IIOAc, 
toluene, phenol, and aniline, v. si. sol. alcohol. 
At a high temperature it may be sublimed. It 
is insol. alkalis, but forms a crimson solu¬ 
tion in oono. Distilled with zinc dust 

it yields anthracene. Fused with potash it 
gives alizarin. Its constitution is perhaps 
0 „H.:(CO),:O.H 30 .C.H 30 :(CO) 3 :C.H,- Chromic 
acid oxidises it to colourless C..HA. 1296 ], 
possibly 0 „Hi:(C 0 )j:C,H 2 O 2 - This forms trans¬ 
parent plates, insol. aqueous alkalis, v. si. sol. 
boiling benzene, si. sol. acetic acid, m. pol. 
anUine. It may be sublimed. Alcoholic KOH 
forms a violet solution decolorised by shaking 
with air. Distillation with zinc dust produces 
anthracene (A. G. Perkin a. W. H. Perkin, iuu. 

B. 18, 1723; C. J. 47, 682). 

Salts.—BaA'jOq; small leaflets, si. sol. 
water.—CaA'j 2aq: si. sol. water.—NaA' aq: 
white leaflets, si. sol. water. 

Chloride 0|,n,O,.SO2Cl. [193=]. Light 
yellow plates; sol. benzene and acetic acid, v. 
si. sol. alcohol and ether. Converted by di¬ 
methyl-aniline into the sulphone 
O..H,0,.SO,.C.H,NMe2. [ITl”]. 

Amide 0|,H,02.S0-NH2. [261'’]. ^ongyellow 
needles; almo^ insoluble in alcohol, ohloroform 
and CSj. 

Anilide C„H,Oj.SOjNHPh. [198°]. Long 
prisms; sol. alcohol and acetio acid. 

Additional Be/ere»c«s.—Liebermann, A. 212, 
42; JS. 12,189,1293, 1697; MoHoul, B. 13, 692 ! 


m 

(aj-AathraquInons disnlphoaie asld 
0»“«Oj(SO,H),. When anthraquinone (1 pt) is 
heated with fuming H,SO, (2^ pts.) at 170°, or 
when dichloro-anthraoene or di-bromo-anthra- 
oeno is similarly treated, a mixture of (a) and 
( 8 ) disulphonic acids is got. The salts of the (a) 
acid are less soluble and less orystallina than 
those of the ( 8 ) acid. The (a) acid is converted 
by potash-fusion into anthraUavin (di-oxy-anth- 
raquinone), oxy-anthraquinone sulphonic acid,- 
and flavopurpurin (tri-oxy-anthraquinone). 

Salts.—Na^A" 7aq.—BaA"aq.—PbA"aq. 
( 8 )-Anthraquinone di-sulphonio acid. Pre¬ 
pared as above. Potash-fusion produces iso-anth- 
raOavin (di-oxy-anthraquinone) and iso-purpurin 
(tri-oxy-anthraquinone). The sodium salt 
heated with NH,Aq at 180° produces 
CnA(OH)(NIL)(SO.,H) (Bourcart, Bl. [2] 33,264). 
Salts.—Na-A'’4aq.—BaA" 2aq.—PbA"aq. 
X-Anthraquinone-disulphonio acid 0,,H,O,S, 
i.e. CaH,(SO,H):(CO)j:C,H 3 .SO,II. Prepared by 
oxidation of ( 8 )-anthracene-di-aulphonio acii 
On fusion with KOH it first gives chrysazin (di- 
oxy-anthraquinone) and then oxychrysazin (tri- 
oxy-anthraquinone). 

Salts.—Na 2 A" 4 aq: yellow prisms. 

(p) -Anthraquinone-disulphonic acid 
0 „HAS 2 ».c. [ 3 I] C,H,(SO.H)(CO).AH,SO,a 

[2 Frepared by oxidation of (o)-anthta- 
cone-disulphonic acid. On fusion with KOH 
it first gives anthrarufin (di-oxy-anthraquinone) 
and then oxy-chrysazin. Salts.—Na^" 6 aq: 
yellow leaflets, sol. water. 

Referenees. —Graebe a. Licbermann, A. 160, 
134; B. 3, 636; 7, 805; Licbermann a. Dehnst, 
B. 12, 1288; Perkin, C. N. 22, 37; A. 158, 323; 
Schunck a. Boomer, B. 9, 379; 10, 1821. 

ANTHRAQUINONE CHLORIDE v. Anthb*- 
quiNONE, Purmation 9. 

ANTHRARUFIN v. Di-Oxv-ANTUiuQUiNONE. 

anihrol o„n,„o t.c. 03 H,(cji,)o,H 3 on. 

Formation. — 1 . From oxy-anthraquinone and 
III.—2. By fusing anthracene sulphonio acid 
with potash. 

Preparation.—Crude sodium anthraquinone 
sulphonato (1 pt.) is heated on a water bath for 
a few hours with IJ pts. of zinc-dust and 7 pts. 
of cone, ammonia; the anthracene sulphonate 
thus obtained is fused with NaOH. Leaflets or 
needles (from dilute alcohol). Insol. water, v. sol. 
alcohol, acetone, or ether. Decomposes at 200°, 
Insol, in NH^Aq, soluble in KOlIAq or baryta- 
water, forming a yellow solution with green fluo¬ 
rescence. Its alcoholic solution shows a violet 
fluorescence. Cone. ILSO, gives a yellow so¬ 
lution, turned blue by heat. A drop of fuming 
HNO 3 added to its solution in glacial acetio acid 
gives a transient green colour. Its alcohoUo 
solution reduces warm AgNO,,. 

Acetyl derivative [198°]. Microscopio 
leaflet.?. Difficultly soluble in cold acetio acid, 
easily in O^H,, CrO, in HOAo converts it into 
the acetyl derivative of oxy-anthraquinone. 

Ethyl derivative [146°]. Needles. 
Methyl derivative [ 0 . 178°]. 
flc/erenccs.—Liobermann a. HSrmann, B. 12, 
589: L. a. Hagen, B. 15, 1427; L. a. BoUert, B. 

16, 226; L., A. 212, 26,49. 

Isomerides have been described by Linke, /. 
pr. [ 2 ] 11, 227. 
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ASTEBOI-SVIPHORIO AOIS 

CiA(OH){ 80,H). Formed by careful fusion of 
ftntluaoene-di-sulphonio acid with KOH. 

Salts.—A'Na: c^stals si. sol.cold water.— 
A'^a: plates or needles (Schiller, B. 16,1808). 

AHTHEOPIC ACID. Shown by Heintz (P. 
84, 238 ; 87, 233) to be a mixture of palmitic 
and stearic acids. 

AKTHKOPOCHOLIC ACID C„H„0,2aq. 
[146°]. [o]d 60°. The cholic acid ot human 
bile. The bile is extracted with alcohol; evapo¬ 
rated ; extracted with dry alcohol, and the pp. 
(probably a mixture of sodium glyco-, and tauro-, 
anthropocholates) is decomposed by boiling with 
baryta-water (Dayer, H. 3, 293). 

Broperiies. —Groups of prisms, insol. water, 
V. e. sol. alcohol, v. sol. ether, m. sol. chloroform. 
Lsevorotatory. Fusion changes it into an amor¬ 
phous dy sly sin C,8lI.„Oj. 

Salts.—KA': v. o. sol. water.—BaA'j (? Aq): 
silky plates, si. sol. water. 

AUTHHOXANIC ACID 

.C-CO.H 

C.H8N0,t.e.C8HZ|>0 (?) 

'N 

[191°]. Obtained by oxidation of anthroxanic 
aldehyde with dilute KMnO, (Schillinger a. 
Wleiigcl, B. 16, 2221). White felted needles. 
Sol. acetone and hot water, v. si. sol. cold water, 
si. sol. alcohol, ether, and benzene. Strong acid. 
On reduction with FeSO, and NHj it yields isatic 
acid. 

ANTHROXANIC ALDEHYDE 

.C-CHO 

C,H8N08 f.c. I >0 (?) 

'N 


8. Mm. 8, 87). B.H. (0*,100°) ■0498 (Bunsen 
P. 141, l)j -oeos (Kopp, A. 8upvl. 8, 68) | 
(0°-33°) '049;(- 21° to 0°) -048: (-i 76° to - 21^ 
•047 (Pebal a. John, W. 27, 684). O.B. (cub. 
0°-100°) -003161 (Matthiessen, P. 180, 60): 
(lin. 40*) -00001182 (Fizeau, C. B. 68, 1126). 
T.O. (Ag=100) 4-03 (Lorenz, W. 18,422). E.O. 
(Hg at 0°-l) 2 06 at 0°, 1-42 at 100° (Lorenz, 
Ic.). Chief linos in spectrum, 6128-6, 6078, 
6O03-6 (Thaldn, A. Ch. [4] 18, 243), Grystailises 
in rhombohedra, approaching cubes (Marx, S. 
69, 211); isomorjihous with As, Bi, and Te. 

Occiimiicc.—Native; but chiefly as sulphide 
Sb„S, (Slibnite), and as double sulphide with 
PbS, CuS,Ag,S,NiS, &o as oxide in small quan* 
titles; in various iron ores; in ferruginous 
mineral waters; in some gas coals; in certain 
river sands (Campbell, P.lf. [4] 20,30-1; 21,318). 

Preparation.--TD xq sulphide is fused, tosepa* 
rate gangue, and roasted in air; the oxide thus 
produced is reduced by heating with charcoal or 
coal. Or the sulphide is reduced by charcoal or 
by iron. The crude metal (16 parts) is puvi/ied 
by fusion with dry Na.,CO., (2 parts) and Sb,Sg 
(1 part), for an hour in a Hessian crucible; the 
regulus is separated and again fused for an hour 
with l.J parts NaXO^, and this is repeated with 
1 part NaaCOg a second time (Bensch, A. 5,20). 
Or the crude metal is fused with NaNOg and 
NagCOg (details, v. Meyer, A. CC, 238). Pure Sb 
is prepared by Dexter {J.pr. 18, 440) by fusing 
dry HgSbO^ with lampblack, and then with a 
little SbaOg. Capitaino (P. 100, 563) prepares 
the pure metal by heating tartar-emetic in a 
closed crucible. Bongartz (B. 16, 1942) digests 
pure SbClg with (NHJ-aSAq in Pt vessels, 
electrolyses, fuses with pure Na.aCO.„ treats with 
dilute nClAq, cleans with sdh sand, and dries. 
Cooke (P. Am. A. [2] 5,1) reduces NaSbOg by 
KCN, and fuses the Sb under SbjO., for several 


[73®]. Obtained by heating a solution of o-nitro- 
(^)-oxy-cinnamic acid in an equal weight of 
acetic acid to 100® for a few hours, diluting the _, 

product with water, neutralising with CaCO,„ j hours. Pure crystalline Sb may be obtained, 
distilling with steam, and extracting the distillate : according to Pfeifer (A. 200,161), by electrolysing 
with ether. Long yellowish needles. Sublimable. ■ a solution of SbCl, in HClAq containing not 
Volatile witli steam. F.asily soluble in hot water [ more than 7 p.o. SbCl,. Metallic antimony 
and in most other solvents except ligroine. ; seems to have been known since the end of the 
Tho^ addition of zinc-dust to the dilute i loth century. The sulphide was known to the 
ammoniacal solution produces a reddish-violet • ancients as Stibium. 
colouration. It combines with bisulphites and j 
reddens fuohsin-sulphurous acid. With aniliir 


it yields a crystalline anilide which melts at 
about 40° (Schillinger a. Wleiigel, B. 16, 2222). 

DI-ANTHBTL-FOSMAMIDINE v. Aktuba- 
MiNE, reactior. 3. 

ANTIAHINC„Hj.O,2aq(?). [221°]. Poison- 
OUB substance in the milky juice of Antiaris ioxi- 
earia or Upas Antjar, used to poison arrows 
(Mulder, A. 28, 304; Ludwig a. de Vry, Z. 1869, 
361; Pelletier a. Caventou, A. Ch. 20, 57). 

ANTIMONIDES. — Binary compounds, or 
rather alloys, of Sb with more positive metals. 
Most these bodies are of somewhat vague 
compositions; some occur as minerals (t>. Asii- 
MONV, Combinations. No. 10). 

ANTIMONY. Sh (Anlimonium, or Stibium 
mtallicum; Regulus antimonii). At. w. 120. 
Mol. w. probably 120, v. Blitz a. Meyer, B. 22, 
725. (about 426°] (between 1090° and 1450-) 
(Cameliey a. Williams, C. J. 35, 600). S.G. 6-71 

to 6-86; 6-697 (SchrSder, J. 1859. 12) 

8.0. (melted) 6'63 to 6-65'(Playfair a. Joule, C. 


Properties. —Brittle,hard, silver-whitc, metal- 
like ; easily crystallised, isomorpbous with As 
and Te, melts easily [425°]; volatilises at bright 
red heat in open vessel with simultaneous pro¬ 
duction of Sb,0,; scarcely volatilises in absence 
of airj but slightly volatile in vacuo at 292“ 
(Demargay, C. It. 95, 183) ; may bo distilled in 
H at white heat. Unchanged in air at ordinary 
temperatures; melted on charcoal before blow¬ 
pipe and then exposed to stream of air, pure Sb 
burns easily to Sb,0„; if traces of lead or iron 
are present a yellow or reddish sublimate is 
produced en burning before blowpipe. By 
electrolysis of SbCl, in HClAq, under special con¬ 
ditions, a lustrous silver-like deposit is obtained 
on the negative electrode; this deposit when dry 
explodes when rubbed with a liaid substance, 
or when bfeated to 200°, with formation ot 
clouds of SbOl,; a similar ebangp ocours when 
the deposit is heated under water to 76°, but at 
ordinary temperatures it may be rubbed with a 
hard body under water without change. This 
BO called ezpiosios antimony oontains SbCIlg 
varying Horn 8 to 20 p.o. A similar U- 





S lotlve lobstan^e is obialnod by electrolysing 
bBftin EBrAq, or Sbl, in the former 
eontftias 18 to 20 p.o. SbBri, it explodes at 
160°; the latter contains 22 p.o. HI and 
bIbo Sblj, it explodes at 160° (Gore, Pr. 0, 70 
find 304; ibid. C. J. [2j 1, 365; Bottger, J. pr. 
73, 484; 107, 43). According to Bottger (G. C, 
1875. G74) explosive antimony also contains 
occluded hydrogen. 

The atomic weight of Sb has been deter* 
mined (i.) by analysing and determining V.D. of 
certain gaseous compounds, particularly SbCl, 
and Sb(CH 3 )a; (ii.) by measuring the S.H. of 
Sb; (hi.) by comparing isomorphous compounds 
of So, As, and Bi; (iv.) by analyses of Sb.S, 
(Schneider, P. 98, 293), SbCl, (Weber, P. 98, 
455; Dexter, P. 100, 563; Dumas, G, Jl. 46, 
051; Kessler, P. 95, 201, 113, 134), ShBr^ 
and Sblj, and by synthesis of Sb-.S, (Cool?e, 
P. Am, A. [2] 6, 1; 7, 251; 9, 1; P. 13, 951) 
{ccmip. also Kessler, B. 12, 1044; Schneider, 
J. pr. [2] 22, 131; and Bongartz, B. 16, 1912). 
Some of the earlier determinations gave the 
number 122; but the researches of Cooke have 
established the value 120. The atom of Sb is 
trivalent in gaseous molecules, SbClj, Sb(CH 3 )s. 
Antimony combines with oxygen and chlorine 
with production of heat: [Sb'^0^ 311*0] = 167,420, 
[Sb*, 0\ 3H-0] = 228,780, [Sb, CPJ - 91,300, 
[Sb, Ci^] = 101,870 {Th. 2, 210). Antimony is 
oxidised by strong HNO„ or by heating with 
various metallic oxides, e.g. MnO^, PbO^; hot 
cone. H^SO^ forms Sb 3 . 3 S 04 ; Sb combines witli 
Cl or Br with production of light. Pure Sb is 
unacted on by HClAq out of contact with air; 
in presence of a little HNOsAq solution pro¬ 
ceeds rapidly (Cooke, P. Am. A. [2] 5, 1). 
Antimony forms three oxides Sb^Og, Sb.D^, and 
Sb^O^; various compounds corresponding to the 
first and third arc known. Antimony is more 
metallic than arsenic, whether considered 
physically or chemically. Hydrated antimo- 
nious oxide, Sb.P3.3ILO{ = Sb(OH) 3 ), is known, 
and reacts ns a feeble base; if onc iliird part of 
the His replaced by K the remaining Oil groups 
may be replaced by the residue of tartaric acid, 
with formation of Sb.OK.C^H^Oa (v. Antimonious 
oxroE, lieactionSi No. 4). Various compounds 
of Sb.Dg with SOj (v. Antimonious oxide, Be- 
actions^ No. 3), and at least ono with NnOj 
are known. A few unstable salts derived frqm 
the hypothetical hydrate SbO.OII f=Sb 303 .IL 0 ) 
are known, so that Sb.O, acts both towards 
strong acids and strong alkalis as a feeble salt¬ 
forming oxide: thus [2HClAq, 2Sb-0’Aq] = 4,720; 
whereas [2HClAq, 2Na*OAqJ = 25,500 {Th. 2, 
241). The thio-antimonites arc few in number and 
their stability is decidedly less than that of the 
thio-arsenites. The compounds of Sb which most 
decidedly exhibit negative or acidic functions are 
Bb.^O^and Sb.B^; the same holds good for As. The 
haloid compounds of Sb form many well-marked 
double salts. Many oxyhaloid compounds are 
also known. SbH, does not combine with 
acids, but compounds of the type Sbit 4 X where 
an^ X is a halogen or even OH, 
have been prepared (v. Antxuont, Compounds 
wxxa OROAMio BADioLEs). For further discus¬ 
sion of the chemical relations of Sb, v» Bismuth, 
iq^ifioAL BELinoNS Of 2 and Nziboosn obouf or 
bumbnts. * 


BeacHom.-^X* Water is no4 decomposed at 
ordinary temperatures by Sb; but at a red heat 
it reacts with steam to produce oxide of Sb and 
H.—2. Dilute nitric acid digested with finely 
powdered Sb forms a compound of Sb^Oj with 
N.Pj; stronger acid forma chiefly Sb 30 j.a;HjO 
andSbjO^—3. Sulphuric acid Sbonly 

when cone, and hot; SO^ is evolved, and a com- 
pound, or compounds, of Sb.Oa with SOs pro¬ 
duced.—4. By the action of aqueous sulplniroue 
add at 200° in a closed tube Sb-Bg is produced. 
6 . Hydrochloric acid forms SbClj when heated 
with powdered Sb; in absence of air no action 
occurs (Cooke, P. Am. A. [2J 6 , 1).—6 . Agua 
regia dissolves Sb forming SbCla. —7. Solid 
phosphoric acid and carbon heated witli Sb form 
phosphide of Sb.—8. Alkali nitrates and chlo¬ 
rates heated with Sb form alkali nntimonates 
and generally also Sb.Dg.—9. Alkali sulphates 
form Sb.By, alkali sulphide, alkali antimonate, 
and Sb.p.,. 

Combinations. — 1. With nascent hydrogen 
SbTI., is formed {q. v.). — 2. With chlurine, 
bromine, or iodine, Ujo compounds SbClj and 
SbCI., SbBra, and Sbl., are produced (q. v .).— 
3. With jhiorine (action of HFAq on Sb^O* 
and Sb^.0.v3TLO) SbF., and SbFj are formed 
{q. V.).—4. Sb combines with oxygen to form 
SbjOfl and Sb.D, {q. v .); Sb-Dj {q. v.) is pro¬ 
duced by the action of cone. IINO 3 .-- 6 . The 
sulphide SK.Sg [q. v.) may be obtained by heat¬ 
ing Sb with stdpUur\ the pentasulphido SbjjS, 
{q. V.) is best produced by decomposing Na^ShS^ 
by an acid.— 6 . Heated with seUnion Sb 2 S 6 } 
is formed as a greyish metal-like solid (Berze¬ 
lius; alsoHofackcr,.4.107,6; d. alsoUelsmann, 
A. 116,121). SbgSeg fused with Se and an alk^ 
fonns alkali seleno-antimonato {e.g. NOaSbSoJ; 
tills compound is decomposed by acids, in 
absence of air, with ppn. of brown SKSe^. 
(Hofacker, Z.c.). — 7. With tellurium (Oppen- 
heim, J. pr. 71, 277) Sb forms either iron-grey 
SbTe, or tin-white Sb-Te, (S.G. of latter 
12^ = 6*47-6*51; Bodeker a. Giosecke). ■— 

8. Phosphorus is said to combine with Sb to 
form a tin-white brittle phosphide containing 
15*5 p.o. P (Landgrcbe, 8. 53, 469). By the 
action of P (in CS^) on SbBr, (in CSJ a red 
powder, PSb, is obtained (Macivor, B. 0,1362).— 

9. Sb combines with arsenic, by fusion under 
boric acid, to form crystalline Sb^As (Descompes, 
C. B. 86,1065). The compound Sb^As, occurs 
native as allamontite. —10, Antimony forms 
alloys with many metals ; they are usually pro¬ 
duced by melting together Sb and the specified 
metal. The alloys with K and Na are produced by . 
fusing Sb with KjCO, (or Na,jCOj) and 0, or by 
reducing Sb^O,, witn KH.G 4 H 40 e at high tem¬ 
peratures ; they decompose water with evolutioxs 
of H and separation of Sb; if containing much 
K or Na they take fire in the air. The alloya 
of Sb are usually lustrous, hard, and brittle. 
The alloys with Gu and Sn will be described 
under those metals. An alloy of iron is formed 
when Sb^Sg is reduced with excess of Fe; a mix¬ 
ture of 7 parts Sb and 3 parts Fe heated to white¬ 
ness in a charcoal-lined crucible produces a yerf 
hard white alloy. Gold loses its malleability 
by the presence of about of Sb. Lead 
alloys with Sb in all proportions; the lead ia 
hardened; type met^ is an alloy of about 
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17-20 parti Sb rrttb l«ad and aometlmei Bi or 
8n (v. IiBw, iUiO-rg or). With nickel two alloys 
are known; NiSb sutomes in prisms; Ni^Sb 
ocears as breithauptite containing a little Be 
and PbS. Two alloys with silver, Ag,Sb and 
Ag.Sb, ooonr native as anlimonial silver. With 
tine at least two crystalline alloys of definite 
composition are known, SbZn, and SbZnj (Cooke, 
Am. S. [2] 18, 229; 20, 222). 

Many of these alloys are used in manufac¬ 
tures. Antimony compounds are also used in 
medicine. 

Vetection.—Most Sb compounds are insoluble 
in water and in excess of cone. HNO,Aq, but 
many dissolve in HClAq, especially if tartaric 
acid is added; insoluble compounds may be 
dissolved by fusion with ENO, and K-^CO, and 
treatment with HClAq; when Sb compounds 
are fused with NaNO, and Na,CO„ NaSbO,, in¬ 
soluble in water, is formed. 

In dry way. Heated on charcoal with Na^COj 
andECN.all Sbcompoundsyieldabrittlelustrons 
metallic bead. In the upper reduction-fiame of 
the Bunsen lamp, Sb compounds give a green 
colour to the flame; in the oxidation-flame, a 
white oxide film is obtained (on porcelain) which, 
moistened with neutral AgNO,Aq and then blown 
on with ammoniacal air, gives a black spot 
<Ag.O). 

In wet way. I. Antimonious com¬ 
pounds. (i.) Salphureitedhydrogenppa.orange- 
red SbjS, from acidulated solutions, soluble in 
KOHAq or NaOHAq, less soluble in NIIjAq, 
insoluble in NH,HCO,Aq, soluble in K^SAq and 
(NHJjSAq, insoluble in dilute acids, but dis¬ 
solved by boiling with cone. IIClAq. Dilute tartar 
emetic solutionis notppd. by lI.^S,the liquid turns 
red; cone, solutions are completely ppd. (Schulze, 

J. pr. [2] 27,320). (ii.) Heated with yold chloride 
eolation in presence of HClAq, Aii is ppd. along 
withSbjOj. (iii.) Caustic and carbomled alkalis 
pp. white Sb,0, soluble in KOHAq and 
NaOHAq; the ppn. is slow and incomplete in 
presence of tartaric acid, (iv.) Hinc pps. Sb as 
a black powder; in presence of acids and Pt 
the Sb is deposited on the Pt, and a little SbH, 
is also formed; the deposited Sb is insoluble in 
cold HClAq, but easily dissolves in HNOjAq. 
(v.) Zinc and iron poicder, added to a solution of 
an antimonious compound in cone. NH,ClAq con¬ 
taining NHjAq, ppl. Sb on the Zn without pro¬ 
duction of any SbH,; under similar conditions 
arsenious compounds yield AsH,. (vi.) Zinc and 
dilute B,St),Ag, in absence of HNO,Aq, evolve 
H, mixed with SbH,, which may be burnt in air 
with production of Sb.O,, or decomposed by heat 
into Sb and H, or led into AgXO,Aq whereby 
silver antimonide is ppd. mixed with Ag, or 
passed over S in sunshine whereby orange SbjS, 
Is formed (u. Jones, C. J. [2] 14, 049 ; this is a 
very delicate test; v. Marsh's test for arsenic, 
under Absenic, Detection oi ). (vii.) Dissolved in 
KOHAq, and treated with silver nitrate, a brown 
black pp. is obtained, from which NH,Aq re¬ 
moves Ag,0, leaving black Ag,0. 

11. Antimonic compounds. — (i.) Sul¬ 
phuretted hydrogen pps. orange-red Sb,,S, from 
acidulated eolations, soluble in KOlfAq, in 

K. ,CO,Aq, in (NH,),SAq, and more slowly in 
NHjAq. (ii.) Heated with hydrochloric acid 
and potassimi iodide, Sbl, and I are formed 


{Sb,O,-l-10KUq-9Sbl,Aq-t-6K5OAq+4I). As 
antimony trioxide baa no action on El, this re¬ 
action may be used to detect Sb-A in Sb,0|. 
(iii.) Gold salts, chromates, and permanganates, 
are not reduced by antimonic compounds; nor 
is AgNOjAq acted on (compare teats (ii.) and (vii.) 
for antimonious compounds), (iv.) Towards 
line, or iron, and acids, antimonic compounds 
behave similarly to antimonious (u. Antiuonoso- 
ANTiMONio oxide). Antimony tetroxide SbA 
gives the reactions both of Sb.,0, and Sb.,©,; an 
alkaline solution leduces AgNO,Aq and AuCi,Aq 
slowly. 

(P'or details of procedure in cases of suspected 
poisoning by Sb compounds a manual of toxi¬ 
cology must be consulted, e.g. Taylor On Poisons, 
or Taylor’s Medical Jurisprudence.) 

Antimony may bo separated (qualitatively) 
from tin and arsenic by treating the sulphides 
with cone. (NHj)HCO»Aq, which dissolves only 
ASjS„ then di.ssolviiig the SnS (or SnS,) and 
SbjS, in cone. UClAq, boiling off n.,S, ppg. Sb in 
one portion by Zn, reducing SnCl, to SnCl, in 
another portion by boiling with Cu turnings, and 
ppg. by HgCl.,Aq; or the solution containing 
SbCl, and SnCl, may bo diluted and boiled with 
a slight excess of iron wire whereby Sb is ppd. 
and SnCl, is reduced to SnCl., (Classen, J.pr. 93, 
477). Sb-S, is completely converted into SbCl, 
by dry HCl at ordinary temperatures, whereas 
SnS is unacted on (Tookey, J. pr. 88, 435). A 
little As in Sb compounds may be detected by 
fusing with 2 pts. Na^CO, and 4 pts. NaNO,, and 
clis.solving in water, Na,AsO, goes into solution 
and NaSbO, remains. 

Estimation. —I. Gravimetric methods. 
Antimonious compounds are ppd. by H.,S in 
presence of HClAq and tartaric acid, excess of 
HjS is removed by CO,, the pp. of SbjS, is col¬ 
lected (after boiling for 15-20 mins.; Sharpies, 
Fr. 10, 343), on a weighed filter, dried at 100“ 
and weighed; a portion is then dried by heating 
in a stream of dry CO., and again weighed; if a 
portion of the pp. dried at 100“ yields S on 
treatment with hot cone. HClAq, the pp. con¬ 
tains Sb.S, or free S; in this case the other por¬ 
tion must be heated in dry CO, until S is no 
longer volatilised; the residue is now pure SbjS, 
(tt. also Cooke, P. Am. A. 13,1; 17,13). Or the 
pp. of Sb.,S, (perhaps mixed with ShB, and S) 
may be converted into Sb,0, by treatment with 
cohe. HNOjAq (for details v. Bunsen, A. 106, 3). 
Schneider (P. 110,634) decompo.ses the Sb,S, by 
HClAq, leads the HjS into an alkaline solution 
and determines it by volumetric methods (iodine 
method, or ppn. by excess of titrated As,0,Aq 
and determination of excess of Aa,0, by iodine). 

II. Volumetric methods, (i.) Antimo- 
nious compounds are oxidised to antimonic by 
iodine in alkaline solutions (Sb,0, + 41 + 211,0 x= 
Sb,0,-p4Hl). NallCOjAq is the best alkaline 
solution; titrated I solution is run in until a 
blue colour is produced with starch, (ii.) Anti¬ 
monious compounds are oxidised to antimonic 
in presence of tartaric acid, by ^Mn,0, solution 
(attention must be paid to details, v. Guyard, PI. 
6, 89). For other methods of* estimating Sb, 
especially in presence of As, or of As and Sn v. 
Bunsen, A. 106, 3; 192, 317; Clarke, Am. 8. [2) 
49,48. 

Pefertnces.—la addition to those in the text, 
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she following older memoirs are important:— 
Bergmann, Qj»u$c. 3, 164; Th4nard, A, Ch. 82, 
267; Proust, Q. A» 26, 186; Berzelius, S. 6, 
144; 22, 69; 34, 68; P. 20, 365; 37,163; Ber- 
thier, A. Ch. [2] 22, 239; 25, 379; H. Kose, P. 
3, 441; 42, 632; 24, 165 ; Vauquelin, S. 21, 219. 

Antimony, acids of, and their salts (compare 
arts. Acids; Acids, dasicity op; Hydroxides). 
The oxides Sb^O^ and Sb^Oj arc scarcely soluble in 
water, but each reddens moist blue litmus paper; 
the oxide Sb,0<j is slightly soluble in water, but 
is without action on litmus. A few feebly marked 
salts are known which may be regarded as dc> 
rived from the hypothetical hydrate Sb^jOj.HnO 
(ssSbO.OlI); two sodium salts, so-called anti- 
monites, are obtained according to Terreil (A. Ch. 
[4J 7,380) by dissolving Sb^O# in boiling NaOHAq 
and allowing to cool {v. infra). Two hydrates 
of Sb^Os, viz. Sb,0,.411,0 and Sb,0«.6n,0 have 
been obtained {v. Antimonious oxide) ; but 
neither seems to possess acidic properties. The 
oxide Sb,0^ reacts with NaXOj when the two 
are fused together, but on adding water Sb^Og 
is ppd. and NaOH remains in solution. The 
acid-forming clmractor of Sb,Og is therefore ex* 
tremely feeble {v. further Antimonious oxide). 

No hydrate of Sb,0, is known; but by 
fusing this oxide with KOII or KnCOg, a com¬ 
pound, Sb^O^.K.p, insoluble in cold water, is 
produced; by dissolving this in hot water and 
adding various met.allic compounds, several 
compounds of Sb^O, with metallic oxides, e.g. 
*Sb,0, CaO and Sb,0,.Cu0 (wliich both occur 
native ns romeXte and ammiolite respectively 
[? merely mixtures]) are obtained. A solution 
of in KOflAq (obtained by fusion) is 

easily decomposed: e.g. on boiling and then 
diluting, Sl),0;, is ppd. and Sb, 05 .a;H ,0 is then 
thrown down on addition of acids; on standing 
in air, without boiling, KSbOj is produced. Tlio 
oxide Sb.O, cannot therefore bo rcgardcMl as a 
definite anhydride, nor can any acid, or well- 
marked Bories of salts, be said to exist corre¬ 
sponding with this oxide (y. Antimony, oxij>i:3 
op). 

Three hydrates of antimonic oxide aro known 
V. mfra): Sh O^.H^O ( = HSb 03 ), Sb.,0j,.2IT.,0 
* H<Sb,0,)i anti Sb,0,.3H,0 (- ilHSbO,), The 
first and third may be obtained from 
H 4 Sbj{ 07 . 2 H ,0 which is a product of the action 
of water on SbCIj; dried over H^SO^, H^SbOj is 
obtained, and at higher temperatures HIjbOg is 
produced {v. Antiuonates). Several fairly 
maiked salts are known, aiititnonatcs, derived 
from HSbO,; two series of 7ueta7iiivwnales 
(M^Sb^O. and MaH,Sb,0,) exist (v. infra ); no 
salts of the hydrate SbaOj.SHoO (= HaSbO,) have 
been obtaincef. Antimonates are usually obtained 
by fusion; aqueous alkalis dissolve the hydrate 
Sb 205 .H 20 without change; some motantimonates 
are produced from the hydrate Sb 205 . 2 H 20 by 
the action of alkalis in the wet way. Antimonio 
oxido is evidently a feebly marked acid-forming 
oxide. The only definite compounds of Sb 
hitherto obtained which exhibit acidii^charaotera 
are then IISbO|| and H^Sb^O,. 

The following thermal data are given by 
Thomsen {Sh\ 0% SH^O] = 167,420; 
[Sb, 0% H, H»0] *= 117,890; [Sb*, 0», 3H-0]« 
828,780; [8b. 0», H, H*0]« 146,670; 
[Bb0«H*,0]-30,680. 
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I. Antiuokitss.—T wo sodium salts are 

described by Terreil {A. Oh. [4] 7, 880):; 
NaSb 02 . 3 H 20 , lustrous octahedral crystals,, 
obtained by dissolving Sb^Ojin boiling NaOHAq 
and allowing to cool; NaSb 0 ,. 8 b 20 ,.H. 0 . 

large crystals, insoluble in water, obtained from 
very concentrated alkaline solutions. 

II. Antimonoso-antimonates. —Thisnamehas 
been given to the compounds of Sb^O^ with 
metallic oxides; it implies that these bodies are 
compounds of antimonitos with antimonates; 
very little, however, is known of their properties. 
Two potassium salts K„ 0 .Sb 204 (?KSb() 3 .KSbOj,), 
and K 20 . 2 Sb 204 are said to bo produced, the 
former by fusing Sb 204 with KOTI or K.COj and 
washing with cold water, the latter by tlio action 
of a little HClAq on the former. An aqueous 
solution (the salt dissolves in liot water) of 
K 20 .Sb 204 is said to give ])ps. with various 
metallic salts. These salts might perhaps bo 
regarded as derivatives of the hypothetical 
hydrates SbA.H.O ( = ILSkO,) and 2 Sb, 04 .H .,0 
(= H 2 Sb 40 j,); but our knowledge of them is 
almost nil. 

III. Antimonates, and Antimonio acids.— ' 
Three hydrates of Sh.X)^ are known. By ppg. 
KSbO:,Aq by HNO^Aq, washing tlio pp. and 
leaving it for a whole summer, Gouther obtained 
the liydrato SbjOs.illLO (^HaSbO^) (J. pr. [2] 
4,438): at 176° tliis hydrato gives IlSbO* 
(^Sb-A-H-P). TJie hydrato Sb.. 0 ,. 2 H 20 

( = n.,Sb. 20 j is obtained by adding hot water to 
SbClj, and drying the pp. of ASb 20 ,. 2 Il 20 at 
100 °; it is also produced by decomposing the 
salts M^Sb^O, by acids: this hydrate is easily 
decomposed to HSbO;,. even by standing in 
contact with water (Dubrawa, .4. 186. 110; 
Conrad, C. N. 40, 107). HShOa may also bo 
obtained by decomposing MSbOj by acids, or by 
oxidising Sb by HNOg. The hydrate HSbO, is 
slightly soluble in water, insoluble in NHjAq, 
and easily soluble in KOHAq ; II^SI)_,0. is more 
soluble in water, and dissolves in both NAAq 
and KOHAq: little is known of the liydrate 
SbA-id-'lLO. The antimonates belong to the 
two typos MSbOg, and M,Sb._,0,; the former are 
usually called antimonates, the latter nictanti- 
monates. 

Antimonates: investigated by Berzelius, 
then by Frcmy (A. Ch. [3] 12 , 409; 22, 404), 
and by HetTter (P. 80, 418; 08, 203). These 
salts are obtained by fusing Sb or SbjO, with 
nitrates, or HSbO, with carbonates, or by double 
decomposition from the K salts; nqiiCous alkalis 
dissolve HSbO, without change. Some of the 
K and NH 4 salts are soluble in water, the others 
aro slightly soluble or insoluble. The normal 
antimonates are converted into acid salts by the 
action of weak acids {e.g. C 02 Aq), they are 
decomposed by stronger acids with separation of 
HSbO,; the antimonates are decomposed by 
fusion with NH 4 CI, the whole of the Sb being 
volatilised as SbCl,; those which aro soluble in 
water or acids are decomposed by (NH 4 ) 2 SAq. 
with production of thio-antimonates. 

Ammonium antimonate Nn 4 SbO,. 2 AO; 
white crystalline powder, insoluble in water, 
easily decomposed with loss of NH,: obtained 
by dissolving HSbO, in warm NH,Aq. 

Barium antimonate Ba(SbO ,)2 * obtained by 
adding BaCl^q to KSbO,Aq; pp. at first if 
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Swtculeni biit becomes oi^staUine. By adding 
BaOl^q to boiling KaSbO^Aq a flooonlent pp* 
o! Ba(SD 0 ,)*. 6 H 20 (air-dried) is obtained. 

PoUisstum a 7 iiitnona((! 8 .'^The normal salt 
KSbO, is obtained by fusing 1 part Sb with 4 
arts KNO„ and washing with hot water; it 
issolves after long boiling with water, and is 
obtained as a mass of white crystals when the 
solution is evaporated until a crust forms. 
Another form of this salt is described by Fremy 
as a gummy mass, obtained by evaporating the 
foregoing solution nearly to dryness, or more 
easily by long-continued fusion, either alone or 
with KOH or K^Oj, of the product obtained by 
melting together 1 part Sb and 4 parts KNOj. 
Thegum-like salt dried in vacuo is 2 KSb 03 . 6 lL 0 , 
it is easily soluble in hot water; dried at 160° it 
leaves 2 KSb 03 . 3 H.p which is changed to the 
gum-like salt by boiling with water; at a rod 
heat all the water is removed, and the product is 
gradually changed to the gum-like salt by contact 
with hot water. When the normal salt is boiled 
with water, a residue of 2KSbO,.Sb,jO.vl0ILO is 
obtained; and a similar salt with CHoO is pro- 
'duced b} tin? action of COj on the normal salt 
(HclTter, P. S 6 , 418; v. also v. Knorre a. 
Olschewaky, B. 18, 2353). 

Sodi?on antimonati's. — The salt 
2NaSl)0.,.7H.p is obtained similarly to the 
normal ksi) 6 a; also in octahedra by the action 
of NaOJlA'i on Bb^S^ NaSbOj.BH-P is said to 
be formed by tlie action of NaOHAq on Sb.S,, 
filtration, and addition of more NaOHAq (v. also 
V. Knorro a. Olschewsky, B. 18, 2353). 

Many other antimonates are described by 
Fremy and HclTter; the chief are the salts 
Ca(Sl>03).>.Co(Sb03)„Cu(SbO,)...5II,0,Pb(Sb03)2, 
LiSbOa, Mg.2Sb05,i2H..0, Hg(SbO,),, 
Sr(Sb 0 s).,. 6 H 30 , Sn(Sb 63 ),. 2 H .,0 {v. also Schiff, 
A. 120, 47 ; Unger, Ar. Ph. (2] 147, lOb). 

Metantimonates. Those salts fall into two 
classes—normal salts M^Sb.p., and acid salts 
M^HaSb^O,; they are formed from the autimo- 
nates by addition of metallic oxide or water 
( 2 MSb 05 4 MjO = M^Sb^O,; and 2M SbO, 4 H,0 - 
MjHjSb.p,); conversely the metantimonates lose 
M 3 O (or H;iO) and form MSbOs. The inetanti- 
monates as a class are insoluble in u ater, the 
alkali salts are crystalline; they are decomposed 
by acids; they have been chiefly investigated by 
Fremy (A CA. [3] 12, 4!)9). 

Amvimmim metantimonates. —HjSboOj dis¬ 
solves slowly in cold NHjAq; a cone, solution 
on addition of alcohol gives the acid salt 
(NH 4 ) 3 H,^Sb 30 ,. 5 H 30 ; this salt is easily decom¬ 
posed by heating, either in presence or absence 
of water, into (NH 4 )SbO,. The normal salt has 
not yet been isolated. 

Potassium mptantimonates. —By fusing KSbO, 
(best the gum-like salt) with about 3 parts KOH, 
oissolving in water, and crystallising, the salt 
K,Sb.p, is obtained as deliquescent, easily solu¬ 
ble, crystals. The acid salt K^HaSb^O,.61^.0 is 
reduced by decomposing the normal salt by a 
ttlo water (KOHAq is also produced), or by 
dissolving SbClj in excess of KOHAq, oxidising 
by K^Mn^O^Aq, and crystallising (Reynoso, A. 
Ch. [3] 23, 325); at 200° the dehydrated salt 
KjHjSbjO, is obtained, and at 300° KSbOj is 
formed. The acid salt is slightly soluble in 
sold water, more easily in water at 40°-60°, with 


gradual prodtietloia of the gum-Hi;e ESbO,; ill 
aqueous solution of this salt precipitates sodinsi 
salts. Other metantimonates are described b) 
Fremy (f.c.). 

Seleno-antimonates.^k few salts are 
known, derived from the hypothetical seleno- 
antimonic acid HjSbSe^. NasSbSe^.OH^O forms 
orange-red tetrahedral crystals, and is obtained 
by fusing NaXOg, Sb^Se^, Se, and 0 ; the salt 
NaaSbSjSe.OHjO is obtained as yellow tetrahe¬ 
dral crystals by boiling Na^SbSfAq with Se 
(Hofacker, A. 107, 6 ). 

Antimony, alloys of, v. Antiuoxt, Combineh 
H&ns, No. 10. 

Antimony, arsenide of, v, Antiuont, CombU 
nations, No. 9. 

Antimony, bromide of. SbBr,. No other 
bromide is known. Mol. w. 359'28; [00°-94°1 
(Serullas, P. 14, 112). (275°-280°) (Kopp, A. 
94,257; Cooke, P. Am. A. [2] 5,72), V.D. 180 
(Worcester, P. Am. A. [2] 10, Cl). S.G. 
4T48 (Cooke, l.c.) ; fused ^°° 3*641 (Kopp, l.e.). 
If the vol. of fused SbBrj*! for d° = 0°, then 
the vol. at f° = l 4 *000576^4-OOGOOlfliesd*, 
where d-i°-90° (Kopp, l.c.). H.F. solid Sb, 
gaseous Br,[Sb,Br»J = 76,900 (Guntz, 0. P. 101, 
101 ). 

P'ormatiem. —1. By shaking powdered Sb 
into a retort containing Br and connected \s'ith 
a condenser.—2, By distilling a mixture of Sb 
sulphate and KBr (Macivor, C. N. 29,179). 

Preparation, —1. By adding powdered Sb to 
a solution of Br in dry CS.^ at 0°, distilling oil 
CS 3 , adding powdered Sb, distilling off the SbBr, 
and recrystallising it from CS.. (Cooke, P, Aw. 

[2j 5, 72; Nickl^s, C. P. 48, 837). _ 

Properties and Beactiotis. —Deliquescent tri- 
metric crystals; V224;l:l*064 (Cooke, 

l.c.) ; sublimes when heated. Decomposed by 
water; cold water produces 81 ) 405111 * 3 , hot water 
10 Sb 4 OjBr 3 .SbBr, (Macivor, C. N. 29,179). The 
compound Sb 40 :.Br 3 is also produced by iieating 
SbBrj with alcojfiol to 160° (Macivor, l.c.). The 
action of air and sunlight on SbBr, in CSa pro¬ 
duces an oxybromide, probably SbOBr (Cooke, P. 
Ain. A. [ 2 ] 5, 72). Combines with KCi to form 
Sbr>r,.3KCl, which accordingto Atkinson is identi¬ 
cal with SbCls-CKBr obtained by action of SbClg 
on KBr in presence of a little water (C. J. 43,290). 

Antimony, chlorides of. Sb and Cl combine 
directly to form two compounds SbCl, and 
SbCk; the former may be gasified, the latter if 
decomposed by heat at ordinary pressures into 
SbCIj + Cl.j [v. infra). 

I. Antimoniods ohloridb. SbClj. Mol. w. 
226*11. [73°*2J (Thorpe,0./.37,387). (223*5°) 
(216°, Cooke, P. Am. A. [2] 6 , 72). S.G. ^ 
2*6753 (Thorpe, l.c.). S.G. 3*064 (Cooko, K 
Aw. A. [2] 5,72). V.D. 115*6. V» 

1 4 *00080544-^•00001032<i^ where 4» degreea 
above M.P. (73*2°) (Thorpe, f.c.). [SbiOl*]- 
91,390 (Thomsen). 

Formaiion.-^l, By dissolving Sb,SbjO„ or 
SbjSg, in HClAq with a little HNOgAq, evapo¬ 
rating, an^ then di8tiIling.-'2. By the action of 
Cl on SbjSg.—3. By distilling together 1 part 
powdered Sb with 2 parts HgClg; or 3 parti 
ShBg with 7 parts HgClj; or 1 pwt Sbj(S 04 )| 
with 2 parts dry NaCl.—4. By distilling 2 paitf 
SbjOg (impure), with 6 parts dry NaCl, 4 partf 
H 3 SO 4 , and 2 parts ^0 and changing tha 
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reoeiVer its spoil Pa the distillate begins to solidify 
on cooling. 

Pr^ration,~-l. By passing dry 01 into a 
retort containing powdered Sb, until most of 
the Sb is transformed into SbCl,; a little more 
Sb is then added, the stream of Cl is stopped, 
and the SbCl, is distilled olT into a dry receiver. 
Cooke (P, Am. A. [2] 6, 72) saturates warm CS-^ 
with SdCIj and cools by freezing mixture. A 
solution of SbCl, in cono. HClAq (generally pre¬ 
pared by the action of the acid on Sb^S,) is used 
in pharmacy. 

Properties. —A colourless, translucent, crys¬ 
talline, mass. Melted and allowed partially to 
solidify, or dissolved in hot and cooled, 
trimetric crystals are obtained, a:b:c= 
l*263:l:l*0a (Cooke, P. Am. A. [2] 5, 72). Very 
caustic. Soluble in alcohol without change; 
on heating this solution oxychlorides of Sb 
(q.v.), HCl, and CjHiCI, are formed. It absorbs 
moisture from the air and forms a clear liquid, 
from which crystals of SbCl, are obtained by 
standing over HjSO^. 

Reactions. —1. With water various oxychlo¬ 
rides are produced (SbCl, dissolves unchanged 
in a very little water at ordinary tempovatures); 
if a little cold water is added (about 2 parts to 
1 part SbCl,), and the pp. is washed with ether, 
SbOCl (q.v.) is obtained (Peligot, A. C4, 280; 
Sabanajew, J)2. [2] 16, 79). Wlien from 5 to 50 
parts H.O are added to 1 part SbCl,, the com¬ 
pound Sb^OaCl.^ ( 7 «v.) is obtained (Sabanajew, 
I.C.). Other observations point to a varying 
composition for the product of the mutual action • 
of SbCl, and H.p; by continued washing the 
whole of the Cl may bo removed {v. Duflos, S. 
67,268; Johnston, J. pr. C, 55; Malaguti, J. pr. 
6, 253; Peligot, A. 64, 280; Schneider, P. 108, 
407; SchiilTer, A. 1^2,314). Thomsen {Tk. 2, 
240) gives these data: [SbCP,Aq]=8,910 
when Sb^OjCIg is formed, and = 7,730 when 
SbjOjAq and HClAq are formed. According to 
Williams {C. N. 24, 225) boiling water produces 
10Sb4ChO,.SbCl3. Formation of oxychlorides is 
prevented by tartaric acid.—2. Anlimonious 
oxide dissolves in boiling SbCl, to form oxychlo¬ 
rides; SbOCI.7SbCl3 is described by Schneider 
(P. 108, 407).—3. Alcohol heated, with SbCl, in 
proportion C.H„0;SbCl, in a closed tube to 160® 
forms SbOCl; heated to 140® in the proportion 
SOaHgOiSbCl,, Sb^OjCl^ is formed (Schalfer, A. 
152, 314).—4. Aqueous solution of sodium thio¬ 
sulphate reacts on solution of SbCl, to fonn a 
double compound of Sb.O, and Sh^S,, probably 
Sb^^Os.Sb.S, (v. Antimony, oxYSULrniuEs of).— 5. 
Boiling SbCl, dissolves powdered antimony tri- 
lulpbide, on cooling a crystalline mass of sulpho- 
ohloride, SbSCl.VSbCl,, is obtained; on washing . 
with alcohol 2SbSC1.3Sb,S, remains (Schneider, I 
P. 108, 407). 

CrmbinatUms. —1. With chlorine; SbClj is 
lormed.~2. Ammonia forms Sb01,.NH, which 
on warming gives off all its NHj.—3. By 
mixing cono. solutions of SbOl, and alkaline 
chlorides and evaporating, double salts are 
formed, C.J. 2NH,Cl.SbCl3i 2(BaCl~Sbtl,).3H,Oi 
SKCLSbCl,; SlteOl.SbCl,. With KBr the salt 
BbCIi.3KBr is formed identical with SbBrj.SKCl 
obtained by the action of EClAq on SbBr, (Atkin¬ 
son, C. J. 43, 290). 

n. AxTiHoiaa CBi,osn>E SbCl,. Mq). w. un- 


Imown; vaponi obtained by beating oonsists of 
SbCT, + C!l,. [-6®] (Kammerer, B. 8, 607). S.O. 
IS® 2-846 (Haagen, P. 181,117). (79® at 22 mm.i 
68° at 14 mm.) (Anschtitz a. Evans, C. J. 49, 
708). 

Pr«^rafto».—Powdered Sb is heated in a 
retort in a rapid stream of dry Cl j SbCl, 
(and Cl) distils over, and SbCl, remains. Or 
melted SbCl, is saturated with Cl, and distilled 
in a stream of Cl (or u-ider greatly diminished 
pressure, Anschttlz a. Evans, C. J. 49,708). 

Properties.—Colourless, or slightly yellow, 
liquid, with an offensive smell, fuming in moist 
air; solidifies at a low tonipernture (< — 6°); 
absorbs moisture from air and changes to a 
crystallino mass. According to Anschtitz a. 
Evans (0. J. 49, 708) SbCl, may be distilled un¬ 
changed at low pressures. 

Reactums.—l. Dissolves in a very little 
water ; solution over H,SO, deposits crystals of 
SbCI,.4H.,0. Kept cold by ioo, and water added 
drop by iop in proportion 8bCl,:HjO, SbOCl, 
(j.®.) is formed (Dubrawa, A. 184,118). Addition 
of more water produces SbO,Cl, wliich is de¬ 
composed by hot water, giving H,Sb»0,.2HjO, 
soluble in HClAq. Decomposition by HjO hin¬ 
dered by tartaric acid. Thomsen (Th. 2,242) gives 
the number [SbCP, Aq] = 35,200, when Sb.,0,Aq 
and HClAq are formed.—2. Dry sulphuretted hy¬ 
drogen prodnoes white crystals of SbSOl,, which 
are decomposed by heat into SbCl, and S,C1| 
(Cloez, J, pr- 51, 459).—3. Heated in closed 
tube to 140“ with antimonic oxide, in proportion 
3SbCl,:Sb,0,,, Sb,OCl„ and Sb,0,Cl, (q. V.) are 
produced (Williams, C. /. [2] 10,122).—4. With 
phosphorus trichloride (in OHCl,) reacts to form 
PClj.SbClj, and SbCl, {v.Combinations).—5. Chlo¬ 
rinates many carbon comjiowuls, e-g, CHCl, to 
CC1„C,H, to C,H|C1,, &o. (i). CuLono-coMPOUND^. 
6. With nitrogen ietroxide forms SbCl,.NOCl 
(Weber, P. 123, 847). 

Combinations. —1. With ammonia forms 
1 brown SbOls.GNH, which may bo sublimed nn- 
i clianged.—2. With hydrocyanic acid forms whits 
j crystals of SbClj..3HCN, which volatilise with 
partial decomposition under 100 “, and are de- 
; composed by H.,0 (Klein, A. 74, 83).—3. With 
' gaseous cyanogen chloride forms SbCli.CNCl 
; (Klein,f.c.).- i.Combmesmthaomonon-metallie 
j chlorides to form double compounds which 
I usually deliquesce in air and are decomposed by 
I heat; the more important are HbCI,.BCl, (Weber, 
[P. 125, 78; Kohler, B. 13, 875); SbCl,.P001„ 
SbCl,.SeCl, and SbClySCl, (Wobei, f.c.): and 
SbClj-SeOCI, (Weber, P. 125, 325).—6. Also 
combines with C„H,PC1, to form SbClj.C.HjPCl. 
(Kohler, B. 13,1626).—6. Combines with various 
alcohols, and with Uher (Williams, C. A. [2] 
15,463). 

AnUmony, fluorides of. Sb.,0, dissolves in 
HPAq to form SbE,; Sb, 05 .a:H ,0 dissolves in 
HFAq to fonn SbF,. Neitlier has been gasified, 
so that mol. ws. are unknown. 

I. Aotimoniocs 1 -i.noKtM SbF, [abt. 292°] 
(CarneUoy, C. J. 33, 275). 

Preparation.—(Berzolius, P. 1, 34; DnniM 
A. Ch. [2] 31, 436; FlUckiger, A. 84, 248);i| 
1. By dissolving Sb-O, in HFAq, evaporating ai 
70°-90“ and orystaUising.—2. By distilling Sb 
with HgF-. 

Properties.—White, (rimetiio, ootahednl 
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deliqueioent, soluble in Ufi \cithoat decompo¬ 
sition. 

Reactions, —1. Solution in water on evapo* 
ration yields an oxyfluoride (composition un¬ 
known).—2. Deliquesced SbFj pressed between 
paper gives 2SbFj.Sb^O, ( = 3SbOF.SbFj), which 
JB decomposed by heating into SbF, and Sb^Oj. 

Comhinations. — With alkali fluorides to 
form double compounds, SbF<t combining with 
MF, 2MF, or 3MF, where M = K, Na, tto. These 
compounds are best obtained bydissolving Sb^tO, 
and MjCOj in the proper proportions in HFAq, 
and evaporating. The principal compounds are 
8bF3.2NH,F; SbF3.2KF, SbF.,.KP; SbF3.2LiF; 
and SbF3.2NaF (u. Fluckiger, A. 84, 248). 

11. Antimonic fluokide, SbFj. Obtained by 
Berzelius, investigated more fully by Marigiiac 
(A. 145, 239). 

Preparation. —^By dissolving hydrated Sb^Oj 
in HFAq, and evaporating. 

Properties.—k gumdike amorphous mass, 
decomposed by heat; very slowly decomposed, in 
solution, by ILS. 

Caw6maf/o«x<!.-~With tho alkali fluorides, to 
form double compounds, which aro easily solu¬ 
ble in water, crystallise badly, and yield oxy- 
fluorides when evaporated in aqueous solutions, 
t.g. SbOFa-NaF from SbFi.2NaF (Marignac, A. 
145, 239). These solutions are very slowly de¬ 
composed by It.S, KOIIAq, and K.C 03 .\(i. Tho 
more important compounds are SbF..NH,F, 
2(S1)F,.2NH,F).H,0; SbF,.KF, SbF5.2KF.2H,.0; 
SbF,.NaF. 

Antimony, haloid compounds of. SbF.„ SbF,; 
SbCl„SbCl,; Sblir^; Sbl,, (?«bl,). Only SbCI, 
has been gasiJied and V.O. dch'rmined; SbCl, 
is decomposed by heat. The formula} of the ; 
trihaloid salts aro probably ijiolecular, v. Asii- | 

MONY, FLUOrilDEH OF, ClTLOUrOl-.S OF, lUlOMIUES OF, ! 

IODIDES OF ; r. also art. Haloid coMPOiurns. 

Antimony, hydride of (f. also art. IlYDianEs). 
SbHj. {Aurnnoniuretted hydrogen ; Stibiiu). 
Onlyonohyilri<leof )Sb, Sbfl,.iscertainlyknown; 
and this has not boc?i obtained except mixed with 
much H. Marcliand {J.pr. JU, 3Sl) described a 
black powder obtained by electrolysing cone. 
NH^ClAq with a rod of Sb as neg. and a thick 
Pt wire as pos. eIt;etrode. 'When a powerful 
battery was used, gas came off wliich burnt in 
the air; the powder was supposed to be a solid 
hydride of Sb, and the gas a sj)outaneously in- 
flammablo hydride {v. also Kuhland, S. 15, 418). 
But Marchand’s results were not confirmed by 
Bdttger (.A pr. r>8, 372), who obtained only tlie 
ordinary products of the electrolysis of NH^ClAq, 
viz. H, Nil,, and N chloride. Wiederhold {C. C. 
1804. 995) described a graphite-like powder ob¬ 
tained by the action of dilute HClAq on an alloy 
of 1 part Sb with 5 parts Zn; after drying at 100'^ 
this powder gave off 001 p.c. H at 200^ (Sb JI re¬ 
quires *004). The gaseous hydride is almost cer- 
tainly SbH, (u. especially Jones, C. J. [2J14,617), 
but it has not yet been obtained free from H. 

Preparation. —By treating an alloy of 2 parts 
Zn and 1 part Sb (Capitaine, D. J. 20,89), or 3 Zn 
ftnd 2 Sb (Lassaigne, B. J. 22, 104), with dilute 
E^ 04 Aq. Schiel (A. 104, 223) decomposes an 
alloy of Sb with K with dilute HClAq. Hum- 
wrt (C. C. 18G6. 863) treats cone. SbCljAq with 
Na amalgam. Jones obtained a gas containing 
about 4 p.c. SbH, by dropping cone, solution 


of SbCI, in oono. HClAq on to granulated Zn; 
the gas was partially decomposed as it was 
formed (0. X [2j 14, 641). 

Pro^ties.—k colourless gas, with nauseating 
smell and intensely disagreeable taste, slightly 
soluble in H^O but decomposed by long contact 
into Sb and H; easily decomposed by heat; 
burns in air to Sb^Og and H^O, or in limited 
supply of air to Sb, Sb,0,., and H^O; de¬ 
composed by electric sparks into Sb and H. 
The gas obtained by reacthig on an alloy ol 
2 parts Sb with 3 parts Zn with dilute H^SO^Aq, 
and collecting tho first portions only, solidified 
at —91*5°, and decomposed, with separation of 
Sb, between —65° and —50° (Olszewski, M. 7, 
371). 

Reactions. —1. With and heat, explo¬ 

sion occurs and formation of Sb^Oj, and H^^O; 
the same products are obtained by burning in 
air. — 2. Decomposed by chlorine, hromine, or 
iodine, witli formation of SbClj, SbBr,, or 
Sbl,; passed through a hot tube containing a 
little I, an orange-yellow or brown ring of Sbl, 
is formed (Husson, J. pr. 106, 314).—3. Passed 
over sulphur in sunshine, or at temperatures 
over 100°, orange-coloured Sb^Sjis formed; very 
minute quantities of tho gas may bo tliu.s de¬ 
tected (2SbH3-i-6S = SI\S 3 + 3H,S) (Jones, C.J. 
[2J 14, 649).—4. Dccompo!iQssufphureftcd hi/dro» 
pea in sunshine forming Sb,,S., {2SbH, + 3HoS=* 
Sb.Sj + CH.,) (Jones, l.c.). —5. With antUuonious 
chloride, Sb and HCl are formed.—6. Kasiiy oxi- 
: dised by^ii/rff:: acid .— 7. Dooomiiosod by u/jucous 
piolash or soda with separation of a black powder 
(■? SbOHj or ■? Sb.D, v. Jones, l.c. ; also Dragen- 
dorll, Pr. 5, 200) wliich is at onco dissolved on 
shaking in air.—8. With aqueous silcer nitrate 
the whole of tho 8b is ppd. (as Ag.Sb mixed with 
Ag, hassalgne, B. J. 22,104; v. also Jones, l.c.). 

Jt.fercnccs. ■ - Thompson, B. J. 18, 135 ; 
Pfaff, P. 40, 3.3!); Sijnon, 7.\ 42, 369; Vogel, 
J. pr. 13, 57 ; Meissner a. Hankel, J. pr. 25, 243. 

Antimony, hydroxides of. Several compounds 
of Sb, JI, and 0 are known; some of them aro 
probably best rc;;ar<Ied as hydrated oxides; 
others react as acids, especially HSbOj and 
Il 4 Sb;iO,; V. Antimony, Acids of (v. also arts. 
Acids and Hydroxides). 

Antimony, iodide of. Sblj. Only one iodide 
of Sb is known with certainty; van der Fspt 
(Ar. Ph. [2J 117, 115) assorts that Sbl, is pro¬ 
duced by heating 1 part Sb with 5 parts I, or 
by leading SbH, into 1 in alcohol; but as Sbl, 
is known to be produced by such processes the 
existence of the pentiodide is extremely doubtful 
(comp. Pendleton, C. P 48, 97). Mol. w.499’62. 
[167°J (Cooke, P. Am. A. [2] 5, 72). (401° at 
760 mm.) (Cooke, P. Am. A. [2] 7, 251). V.D. 
252 (Worcester, P. Am. A. [2J 10, 61). S.G. 
hexagonal S4° 4‘818,monoclinio "4°4*768 (Cooke, 
l.e.). HiF. solid Sb, gaseous I, [Sb, 0 45,400 
(Guntz, C. B. 101,161). 

Formation. —1. By the action of powdered Sb 
on I in CSy—2. By tho action of SbH, on I.— • 
3. By subliming together Sb^S, with 31 in a 
globe (Sdhncidcr, P. 109, 609). 

Preparation. —Powdered Sfj is added little 
by little to I, with gentle heating, until no further 
action occurs; the Sbl, is then separated by 
sublimation in H or CO 3 . 

Preq^rties.—’Rod crystals, which melt on 





Iteating and vola^M In red Tapnoni; aoloblein 
boiling CS,, and boiling benzene, bai separatee 
out on cooling; almost insoluble in GHC1|; 
soluble in HIAq. Exists in three forms: 
(a) hexagonal ruby-red crystals, by crystallisation 
.from CS^, M.P. = 167®,a:c = l:l'37; (b) trimetrio 
greenish-yoilow crystals, by subliming the hoxa- 
gonalform at temperatures not above 114*^; at 114'^ 
the change is sudden, the external form of the 
hexagonal crystals is preserved but each crystal 
is found to consist of a mass of trimetrio crystals; 
heated above 114*^ the hexagonal form is re* 
produced; (c) monoclinic crystals {a:b:c = 
1*C40B:1: •C()82) obtained by exposing a solution 
of Sblj in CS^ to direct sunlight; at 125® they 
are changed into the hexagonal form (Cooko, 
P. Am. A. [2J 5, 72). 

lieactiom .— 1. Water decomposes Sblj with 
production of ITIAq, which dissolves part of the 
Sbl.„ and oxyiodido of Sb {q. u.). —2. Aqueous 
alkalis and alkali carbonates produce SbjO, and 
alkali iodide (Serullas, J. Vh. 14, 19).—3. Cone. 
sulphuric acid or nitric acid separates I.— 
4. Alcohol or ether partly dissolves Sbl, and 
partly clianges it to yellow oxyiodide (Macivor, 
C. J. [2] 14, 328).— 5. Chlorine forms SbCl, and 
ICl (Macivor, he.). — 6. Antimony trisulphidc 
reacts with molten Rblj to form SbSI; this 
sulphoiodide is obtained as a lustrous brown-red 
powder by treating the fused mass with dilute 
flClAq ; it is decomposed by H.^0 and KOHAq; 
boiled with 11,0 and ZnO tlio oxysulphido 
l5b,0S, is formed (Schneider, P. 110,147). 

CoiKbinatio)v>. —Dissolves in aqueous solu¬ 
tions of the iodides of the alkali metals, on 
evaporation double compounds are obtained. 
Tliese compounds are soluble in UClAq, 
ILO^HaO^iAq, and Il 2 . 0 ^H,O^Aq; they are de¬ 
composed by H./),yiehhngSboxyiodido; CS^dis- 
solves out Sblj. The following salts are described 
by SchaclTor (P. 100, 611): 2Sbl3..3Kr.3H20; 

2KSbI,..3NaI.12H..O; dSbfa.SNH,1.911,0; 

Sbl,.Bui,..011,0. Nickl^s {0. R. 51, 1007) de- 
scribes two series of compounds MI.Sbl 3 . 2 TI, 0 , 
and MI.Sblj.ILO where M =» K, Na, or NHj, 
obtained usualfy by the action of 1 on Sb in 
presence of saturated MIAq; these salts are 
isomorplious with corresponding double salts 
of Bi. 

Antimony, livers of. This name is applied 
to the inipuro double sulphides obtained by 
heating witli various mctallio sulphides,, 
more especially with tho alkali and alkaline 
earth sulphides. These bodies are obtained 
either by fusing Sb,S, with K^S, Ac., with 
KjSOj Ac. and C, or by dissolving bb^S., in 
KjjSAq, Ac. The behaviour of aqueous solutions 
varies according to tlie relative quantities of 
SbjiSa and alkali sulphide employed; if not more 
than 2 parts Sh^Ss are used to 1 part alkali 
Bulphide, the product is wholly soluble it. water; 
if more Sb^Sg is used tho product is partly, or 
wholly, insoluble (because of production of anti- 
monate and SbjO^ v. AwriuoNrous sulpiituk, 
ReactioTts, No. 15). Solutions of these bodies 
(dissolve Sb^S, on boiling; the Sb^S, ppV again 
on cooling; they#readily absorb 0 from the 
air, forming antimonate and thioantimonate 
(v. AimMONious SULPHIDE, HeocHons, No. 16). 
Addition of alkali bioarbonates pps. thio- 
antimooite. 
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An^lea 7 , 0 l^M 0 f. Threeoxldes are known: 
8 b 40 „ SbgOf, and sb« 0 |; only the first of these 
has been gasified; the molecular weights of the 
others are not known. The pentoxido acts as 
an anhydride; the two others are feebly salt* 
forming whether they react with strong acids or 
strong alkalis {v. Antimont, acids of). Marcband 
(J*. pr. 34, 381) described an oxide, SbjOg, said 
to be obtained by the electrolysis of a solution 
of cream of tartar; but I’ottgcr (/. pr. 68 , 372) 
failed to obtain anything except antimonic acid 
by repeating the experiments. 

1. ANTiMo-Nums oxiDK {Antimonious 

acid). Mol. w. 576'76. S.G. trimetrio 6*6 to 6 * 6 , 
regular octahedra 5*1 to 5 2 (Terreil, C. R. 68 , 
1209). V.D. 286-5 (at abt. 1550®; Meyer, B. 12, 
1284). S.H. -0927 (18® to 100®; Neumann. P. 
126, 123). C.E. (40® cub., Senannontite) 
•00005880 (Fizeau, A. Ch. [4] 8 , 335). 

OccttFFcwc.—Native; as Antinionij bloom in 
trimetrio prisms, as Senaivioniile iu octahedra. 

Formation.—1. By heating Sb in a loosely 
covered crucible, and then raising the tcmi>era- 
ture, when Sb^O, mixed with a little 8 b, 0 ^ sub¬ 
limes on to the crucible cover. -2. By treating 
Sb with dilute IINO^Aq and wasliing thoroughly 
with water and then with very dilute NagCOjAq 
(Rose, P. 53, 161). —3. By fusing Sb with KNO, 
and KJISOj and boiling fused mass in water 
(Breuss, A. 31, 197).- 4. By washing tho white 
pp. obtained by adding II.D to SbClg with dilute 
KOIIAfj and then witli llgO.—5. By adding 
excess of NHjAq to liot KSb.C.H^O^Aq, heating 
pp. for a short time in contact witli the liquid, 
collecting, and washing. 

Prcparation.'-l. 3 parts finely powdered Sb 
are heated with 7 parts cone. ILSO,; the ct-udo 
Sb sulphate is treated rcpcatodly with hot water, 
and then with very dilute NagCO^Aq, and the 
oxide is collected and dried.— 2 . 1 part powdered 
Sb is heated, so long as an action occurs, with 
4 parts HNO;,.\q, S.G. 1*2, and 8 parts IlgO; the 
nitrate of Sb is treated as the sulphate in 1. 

Properties. —A white, more or less crystalline, 
powder (regular octaliedra); very slightly soluble 
in water, fairly soluble in glycerine (Kohler, 
B. F. J. 258,520); becomes yellow when heated,, 
but white again on cooling; melts at a dark 
red heat, and crystallises on cooling. Volatilises 
rapidly about 1550® (Meyer, B. 12, 1281). In¬ 
soluble in HNOgAq and H^R 04 A(|; dissolves 
easily in HClAq and H^.CJI.O^Aq; also in 
EOIiAq and NaOHAq, from these solutions Sb^O, 
is ppd. on cooling (Mitscherlich, A. C'l. [2] 33 , 
394), but according to Terreil the pp. is an 
antimonite {A. Ch. [4] 7, 380). Sb,0„ is formed 
in trimetrio prisms {a:h:c * •304:1:1‘414) by burn¬ 
ing Sb or SbgSs in aii, by heating oxychlorido 
(obtained by adding H,,0 to SbCI,) with H.,0 to 
150® (Dobray, C. R. 58,1209), or by rapidly sub¬ 
liming the octahedral crystals (Terreil, C. R. 62, 
302); SbjOg is formed in regular octahedra by 
subliming at a dark red heat. Both forms are 
obtained by saturating hot NaXOgAq with Sb^Og 
or SbCl, and allowing to cool (Mitscherlich, 
P. 15, 453); or by passing a slow stream of dry 
air througli a porcelain tube containing Sb, the 
tube being heated at first only where the Sb 
is, but after a few hours also at the point where 
the prisms might condense, after about 12 houn 
prismatic crystals are foand near the Sb, prisms 
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oiixed with ootfthedra further OQ, a&d ootahedra 
DDiy near the end of the tube^jTerreil, l.o.). Sb iO^ 
is isodimorphous with As^O^ (q. v.). According 
to Guntz (C. B. 98, 803) the change of prismatic 
8 b 40 y to octahedral is attended with production 
of 1900 gram units of heat per 576 grms. BbfOg 
changed. 

Itcactions.—X. Heated in air or oxygen^ Sb^O* 
is formed. —2. Cone, hot nitric acid oxidises to 
8 b;; 0 , and Sb.Gj; it dissolves in cold fuming IINO^ 
And forms SI), 0 ^.N ...05 (Pcligot, C. It. 28, 700).— 
8 . Treated witli fuming sulphuric acid, small 
lustrous crystals are obtained, which, after dry¬ 
ing for six months in contact with burnt clay 
have the composition Sb 40 „. 2 S 0 ;,; by treating 
these crystals with Up tire salt Sb,0„.SO;, is 
obtained (Pcligot, l.c.). Schultz-Sellac {B. 4, 
13) describes the salt Sb^.SSO^ (= Sb, 0 ,j.GSO:,} as 
long lustrous needles obtained by evaporating 
fiolutions of Sb^O^ in fairly cone. Upo^Aq ; this 
salt is unchanged in dry air, but gives oil SO;, on 
heating, and is decomposed by water. Sb;j(SO ,)3 
is also formed by dissolving Bb^Sg in hot cone. 
HgSO^Aq (Tleiisgcn, Jt. T. C. 4, 401) (u. Sul- 
PHATE.s).—4. Sb,0., dissolves in solution of 
poUis.<iiumdiydrogcn tartrate, forming the salt 
C,HjKSI)0„ which is probably the K salt of the 
acid Sb.C.Iip,.OH (r. Clarke and Sfcallo, B. 13, 
1787).- 5. Sb,Og acts as a reducing agent towards 
salts of silver, gold, Ac. (v. Antimony, ntriKc- 
tio^ov,Antimonious compounds). —G. Sbp,. 
does not directly combine with icatcr, but two 
hydrates have been prepared(a) ybpg. 2 Tlp, 
by adding CuSO,Aq to Sb.Sg dissolved in KOHAq 
until the filtered liquid gives a white pp. 
(Sbpa. 2 HP) on addition of an acid (Fresenius; 
V. also Schaffner, A. 51, 182); {b) SbX);,-.-311,0, a 
white powder which begins to lose water above 
iso'll obtained by the spontancousdecomposition 
of an aqueous solution of the acid H.C,Tf,SbO, 
obtained by decomposing {C,If 4 Sl) 0 ,)J 3 a by the 
proper quantity of H.SO^Aq (Clarke a. htalio, 
2?. 13,1793). — 7. Dissolves in Wlingrtn7 ’monioiis 
chloride io form oxychlorides; Si»OCl. 7 SbCl 3 is 
described by Schneider (/\ 103, 407). 

II. Antimonic oxiDK SbgOr, {Antimonic acid). 
Mol. w. unknown. S.G. 3'78 (Playfair a. Joule, 
C. 8. Mm. 3. 8.3). 

Preparation.-By dissolving powdered Sb 
in aqua regia, or cone. lJ>!0;.Aq, ovapomting | 
todryne5s,an(lhcaling[notabove275'^] (Ucuther, ' 
fl, jpr. [2] 4, 438; Dubrawa, A. 186, 110). 

Properties.—Citron-yellow powder; insoluble ' 
in water,, but reddens moist blue litmus paper; 
loses 0 at 300 ’ (Gcuthor, l.c.) giving Bb;,0,; 
soluble in cone. HClAq, slightly soluble in cone. 
KOHAq. 

lieactions.—l. Heated with antimony or 
antimony sulphide, Sb^O, is formed.—2. Heated 
in chlorine, SbCl, and Sb ^04 are produced.—3. 
Heated with ammonium chloride, is completely 
volatilised.—4. Keacts with alkaline carbonates 
an fusion, with evolution of CO.^ (v. further 
Antimony, dbtkction or, Antimonic com¬ 
pounds).—S. Hydratesare not produced by the 
direct action of water, but indirectly the three 
oompounds, SbgOs.GHgO, SbgOy 2 H./), and 
SbgO^.HgO, have been obtained (v. Aniiuony, 
ACIDS OP, Antimonaxbs). Forms many oom- 
TOunds with WOg and MoO, (v. Gibbs, C. N. 48, 
W: Am. 7, 209 and 313). 


ni. AimifoNosO'iNTmoKio oxidb Sbg 04 
{Antmof^ Utroxide). Mol. w. unknown. S.G. 
4-074 (Playfair a. Joule, 0. S. Mem. 3, 83); 6-5 
(Boullay, A. Ch. [2J 43, 266). S.H. (23°-99°) 
•09536 (llognauU, A. Ch, [3] 1,129). 

Occurrence. —Native,n8 Antimony-ochre. 

Preparation.—1. By heating Sb,0„ in air.— 
2. By oxidising Sb, Sb 40 ,., or Sb^Sg, by cone. 
HNOgAq, evaporating to dryness, and strongly 
heating. 

Properfies.—White powder, becoming yellow 
on heating; lias not been melted or volatilised} 
insoluble in water, but reddens moist blue litmus 
paper; very slightly acted on by acids. 

Reactions. —1. Heated with solution of cream 
\ of ta/'fnr,SbgOi,a?H,.Oremainsandsolutioneontain3 
I CiHjKSbO,.—2. Solution in IIClAq dro))ped into 
j ivnkr, is decomposed into Sb^OH and Sb^O,,.—3. 

I Heated with antimony Sb,Og is formed.—4. 

] With moUem potash forms K/).Sb .04 {v. 
[Antimony, acids of; ANToroxoso-ANTmoNATEs); 

I solution of this in water slowly reduces AgNO,Aq 
I and AuGIgAq. >Sb;;0, reacts as a compound of 
; SbgOg and iSb.O-, ( = Hb 40 B); it is sometimes re¬ 
garded as antimonyl antiinonate (SbO)SbO„ 

; derived from HSbOg. 

I Antimony, oxybromidos of. Two oxybroniidea 
' are obtained by the action of II.4!) on iSbBrg, viz. 

I Sb,0;,Br.g and 10Sb,O;,Bi';,.SbBrg, SbOBr is pro- 
; liably formed by the action of smilight on Sblir, 
in C.S. (v. Antimony, bbomidk of). 

I Antimony, oxychlorides of. At least six 
I citmpouiuls are known; BbOCl, SbOC1.7SbCl3, 
Sb,C),Cl.j, and 10.Sb,O.Cl.yBbClg, ol»tained from 
SbCl.,; HbCXCl, aiul HbOClg, from SbClj. 

When SbClg is added to a little water, SbOCl 
is obtained (sometimes mixed witli SbCl,). This 
oxychloride seems to exist eitlier a.s a white 
amorphous powder, or hs monoclinie crystals 
isomorphous with SbOI (Cooke, P. Am. A. [2] 5, 
72); the crystals are best ohtaine<l by using 10 
pis. SbOl, and 17 pts. H.O, allowing to stand 
for a day or two, |»ressiiig, and washing with 
other (Saiianajew, lU. [2] 16,79); tlie amorphous 
i powder is be.st prepared by adding 3 pts. H^O to 
; 1 pt. SbCI;,, filtering at or.ce, drying over H.^S 04 , 
and washing with ether. Crystalline ShOCl is 
' also (»lilainod by lieating SliClg with CgHoO (in 
ratio BbClgiC.H,/)) in a closed tulie to 160'^ 
(iSchiitTcr, A. 152, 314). By the action of much 
water on BbCIg (5 to 50 parts to 1 part SbCl, 
•according to Salianajew, l.c.) the oxychloride 
Sb,0.,C!.g is obtained as an amorphous powder, 

I which becomes ciystallino on standing. To pre¬ 
pare the crystalline forma it is best to use 30 
parts of cold water, or 3 parts of water at 60° 
to 70° (in the latter case allowing the pp. to 
remain a few hours before collecting); there are 
some differences in the forma of the two sets of 
crystals (Sabanajew, l.c.). Crystals (trimetrio 
Schaffc'r, A. 162, 314; monoclinic, Cooke, P. Am 
A. [2J 6, 72) of SbiOjClj are also obtained by 
heating SbCIg with C-ilgO (in ratio SbCIgtSCgHjO) 
to 140°-150° (Scliiiffor, Ic.). The compound 
Sb/) C1.J is also produced by the action of alcohol 
on Si»OCl (Schneider, P. 108, 407); and also by 
heating dry SbOCl ( 5 Sb 0 Cl«-=Sb 40 gCJ 2 f SbCl,; 
Sabanajew, l.c.). 

The product of the action of much HgO oo 
SbClj is known as powder of Algaroth ; the com¬ 
position varies according to temperature, quan- 
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tiiy of water, and quantity of HOI in the solution 
of SbOIa used (oomp. Dudos, ,5. 67, 268; John¬ 
ston, J. pr. 6,55; Malaguti, J, pr. 6*, 253; Feligot, 
A. 64, 280). 

According to Williams (C. N. 24, 224) the 
action of hot water on SbCIj produces 
10 Sb 4 Cl 2 Oj.SbCl 3 ; Williams also describes two 
oxychlorides obtained by heating Sb.Oj with 
Sb 0 l 3 (Sb. 40 j: 3 SbCI.,) to 140® in a closed tube; 
Sb 3 ()Cl, 3 M.P. = 85®, and Sb.O.CI, 

Cooke (P. Am. A. [2j 5, 72) describes anotlior 
oxychloride SbgOnClj; and ydineider (P. 108, 
407) two others, SbOC1.7SbCl;, and ‘iSbOCl.Sb.tX,. 

According to Thomsen (Th. 2, 240) the heat 
of formation of SbiOjClj from SbClj and Aq is 
8910 gram-units {v. also Guntz, C. ii. 98, 512). 
By dropping the calculated quantity of very cold 
water on to SbCb,, Dubrawa {A. 184, 118) ob¬ 
tained SbOClj (SbClj + 11,0 •= SbOCl, + 2HC1); 
this oxychlorido is a yellowish, somewhat crys¬ 
talline, mass, soluble in alcohol; it deliquesces to 
a yellow liquid, from which neodlc-shaped crystals 
separate in dry air. When heated it melts and 
decomposes (probably to SbOCl + Cl,). It is de¬ 
composed by Na.,CO,Aq ( 2 SI)OCl 3 + SNaXO^Aq ^ 
6 NaClAq + 20 + HC(), i Sb.O;,). 

Antimony, oxyfluoride of. SSbOy-ShF, ob¬ 
tained by deliquescence of SbFj {v. Antimony, 

PLUOIlinES Ob'). 

Antimony, oxyiodidcs of.' SbiOjI., and SbOI. 
Sb/lJ, is obtained as liglit yellow erystals by ; 
evaporating a solution of SbCI^ in KlAq, adiling , 
H.,0 and evaporating again. TJio composition 
of the oxyiodide obtained by the action of 11,0 
on Sbl, varies according to llie conditions of its 
preparation; by pouring in llIAq into hot 
11,0, is obtained (r. Macivor, C. J. [2J 

44, 328). By the action of air and snuliglit on 
Sbis in CS, botli oxyiddides are formed, produc¬ 
tion of SbOl pi’oceofling rapi<lly (Cooke, l\ .tm. 
A. [2] 5, 72). When SbOl is lieate<l in a current 
of an inert gas to 150®, Sbl, begins to sublime, 
and at 200 ® is given oil rapidly; no further 
change occurs till 350® is reached, wlien Sbl, 
again sublimes and crystals of S 1 ), 0 ;, remain 
(Cooke, P. Am. A. [2] 5, 72). By the action of 
HClAq, HNOjAq, or H,SO,Aq, on SbOl, I is 
separated. 

Antimony, oxysulphides of. Various oxy- 
flulphides of *Sb, or more probably mixtures 
of SbjSj and Sb., 03 , were formerly used in phar¬ 
macy. The compound Sl>,0:,.2Sb,Sj occurs 
native as antimonn blonde (v. H. Rose, P, 3,452). 
The oxysulphide Sb,OS., is obtained as a rod- 
brown powder by boiling Sb.Sl {v. Antimony, 
XOXIOB of) with ZnO and H.,0 (Schneider, P. 
110,147); also by the action of NaB.OaAq on 
SbCls in HClAq (Bottger, O. C. 1857/333). A 
compound of Sb^S, and Sb.Oj is much used as 
a brilliant crimson-red pigment; it is probably 
8bjO,.2Sb,S,(= 3Sb,OS..), {v. Bottger, U.; 
Wagner, J. 1858. 235; Kopp, C. C. 1859. 945). 

Antimony, phosphides of, v. Antijiony, Com- 
binatiom, No. 8. 

Antimony, selenides of, u. Antimony, Com¬ 
binations, No. 6. 

Antimony, sollno-acid of, v, Seleno-anti- 
MONATE 8 , p. 286. 

Antimony, sulphides of. Two sulphides are 
known, Sb^Sj and Sb,S,; neither has been 
gaeided. and therefore mol. w. of nether is 


known. Unger (Ar. Ph. [31 147, 193) supposed 
he had obtained a disulphide, Bb.,S 2 , by the 
action of NaOHAqon Sb^Sj; but the existonoe 
of this Sb^S., is very doubtful. 86,8^ is a feebly 
marked salt^orming sulphide, e.g. it dissolves in 
NaOHAq to form NaBb^-S, {v. Antimony, thio- 
AciDs of). Sh-Sj is a distinctly salt-forming 
sulphide; the thio-antimonatos (q.v.) arc well- 
marked salts. The trisulphide, Sb.Sa, occurs 
native; the pcntasulphid<! docs not. 

I. Antimunious sulphide (Antimony irisul- 
2 >Uidc, Mineral A'crMM;.5,<kc.)SbaS;, [low red heatj. 
S.Cf. (stibiiite) 4’51-4'75; (amorphous) 4'15; 
(fused, by direct union of Sb and S) 4'892 (Ditto, 
C. ft. 102, 212). >S.II. (23^-99®) *08133 (liegnauU. 
A. Ch. [3] 1,129; v. also Neumann, P. 23, 1). 
Two forms are known; crystallised (trimetrio; 
a:5:c--•985:1:1*0117) and amorphous. 

Occwn'CHCc.—Native as .S7/ba//c?or Antimony 
//Amcc, crystallised in trimetrio prisms, usually 
containing P, As, Fe, and Cu. 

Prcimration.—la) Crystallised: by gradu¬ 
ally heating to redness, in a covered crucible, a 
mixture of 13 parts of finely po\vd».*red Sb well 
mixed with 5 parts pure 8 ; tlicn fusing for some 
time under a layer of NaCl; cooling, jiowdering, 
mixing with a little 8, and again fusing under 
Na(3. (6) Amorphous: by boiling 4 parts 
KOHAq, S.G. 1’25, and 12 parts H.^, with one 
part criiclo Sb.S;,, out of contact with air for some 
time, adding 50 parts boiling IFO, filtering 
quickly, and decomposing the solution by dilute 
IFSOjAq; the pp. is collected, boiled with very 
dilute H.^SOjAq,washed with cold water, digested 
witli aqueous tartaric acid (to remove any •Sb.,0;,), 
again washed with cold water, pr«}sscd, and 
dried at a low temperature. Cooko (P. An.. A. 
[2] 5, 1) dissolves Sb in large excess of HNOjAq 
(S.G. 1'35), keeping the temperature as low as 
possible, neutralises with NuOJl.\q, dissolves in 
large excess of H 3 .C 4 H 40 ^Aq, pps. by ILS in an 
atmosphere of CO 2 , collects and waslies pp. and 
dries below 210®. The amovplioiis sulphide is 
also produced by molting crystalline Sb in a 
glass tul)e, and after a time throwing it into a 
large quantity of cold water (Fuchs, P. 31, 578). 
i An impure Sb.Bs, containing SbAl), known as 
A'crnics, is prepared (or coinmorci.al purposes by 
heating crude antimony sulphide with a<|uoous 
alkalis or alkaline carbonates. 

Properties, -(a) Crystalline: grey-black 
trimetric prisms; meltseasi ly. (5) Amorphous; 
prepared by ppn., is a reddish-brown, loose, 
powder which marks paper with & brownisli 
streak; prepared bynieltiugandsuddenly cooling 
the crystalline Sb.Bj, it is a liard greyish mass ; 
molted and cooled slowly it yields the crystalline 
form; heated to 2ld'-220® it becomes grey 
(Cooke, P. Am. A. [21 5, 1). Both forms of 
SkSs are insoluble in water, and in NH;,Aq, 
dissolve in KOIlAq, in HClAq, and very slowly 
in tartaric acid. They may be distilled nn- 
changed in a stream of N. 

Reactions. —The products of the reactions of 
crystalline and amorphous Sb.Sj are, in almost 
every case, the same; the actions usually proceed 
more rapidlywith the amorphims than with the 
crystalline form. 1. Boiled with mater, is par¬ 
tially decomposed to Sb 40 „ and 11,8 (l)e Cler¬ 
mont a. Frommel, C. R. 87, 330; Lang, J). 18, 
2714).—2. Heated in hydrogen, 8b is formed.— 





i. Oalcinddinairt Sb^O,, or and SOs aro 
roduoed.—4. Heated in chlantUf SbOl, and 
,04 resnlt.—5. Aqueous hydrochloric acid 
forms SbCl, and H,S; after a time the action 
stops, but if the H^S is remored the whole of 
the Sb.^S,| is decomposed (v. Lang, B. 18, 2714; 
also Borthelot, C. li. 102, 22).—G. Cone, nitric 
acid oxidisos to nitrate and sulphate of Hb mixed 
with 8 .— 7. Aqua regia forms SbClj, ILSO 4 , and 
S.— 8 . Dilute solutions of sulphuric acid have no 
action on crystalline Sb.jSg, but slowly evolve ILS 
from amorphous ; cone. H.SO^Aq evolves 
80^, separates S, and forms Sba(SO ,)3 (Hensgen, 
B. T. C. 4,401).—9. Fused with at least 17 parts 
nitre, KSbOg is formed, with Sb sulphate; wdth 
less than 17 parts nitre, Sb.O, is sometimes 
formed in addition to the other products, or a 
art of the Sb^Sj remains unoxidised and com¬ 
ines with K 08 formed to produce a thio- salt.— 
10. Melted with excess of lead oxide, Sb^O,, SO^, 
(andPb), areformed.—11. Meltedwithpofa.ssmm 
cyanide, Sb is produced, along with KCNS and 
a compound of Sb^Sg and K^S.—12. Iron, zinc, 
and many other metals reduce SkS.,, when 
heated with it, forming Sb and a metallic sul¬ 
phide ; metals whose sulphides are basic {e.g. K) 
generally combine wth part of theSb^S, to form 
thio- salts.—13. Many easily reduced metallic 
oxides when heated with SbjS., form Sb 04 
SOg.—14. ^lar\ymetallicsulphidcs combinewheu 
heated with Sb^S, with production of double 
compounds ; several of these double compounds 
occur native, e.g. Sb.Sg.PbS; Sb^.S^.Cu-^S; 
Sh.Sj.GAgoS; Ac.—15. Alkali sulphidcscovaVino 
with Sb Sj either when heated in the solid state 
or in solution; the compounds produced are 
generally known as livers of antimony, q. v. 
(v. also next reaction); aqueous solutions of 
these compounds absorb 0 forming Sb,()«, anti- 
monates, and thio-antimouates.—10. Caustic 
alkalis react with Sb^Sj, when fused together, or 
when in aqueous solutions, toproduce antinionito 
and thio-antimonito: thus, 4Sb.8, 4K.,0-- 
CKSbS„+ 2KSbO^ ; or 48b.,Sg + 8 kOTl.A(i = 

8 (Sl),Sg.K.,SAq) [ = 0KSbS.,Aq]' + SbX)g.K,OAq 
[*s2kSb6jAql+4II.D. Addition of IIClAq to 
this .solution pps. Sb.Sg; 

(CKSbS.,Aq + 2KSbO,Aq + SHClAq = 

4 Sb.,S 3 + 8 KCIAq }-4iLO). If, however, much 
SbgSg, relatively to tlie amount of KOH, is used, 
formation of KSbS^Aq proceeds, but the KSbOj 
being much less soluble pps. along with some 
oxysulphide and Sb,Og which has not combined 
with KOIi(croci« of antimony). Tiio solution 
of KSbSg is acted on by air, giving finally au- 
timonatc and thio-antimonate (GKSbS-^Aq + CO = 
4 K 3 bS 3 Aq + 2 KSb 03 Aq).—17. Solutions of car- 
honated alkalis, KjCO, and Na/lOjAq, dissolve 
SbgS) only on heating; the solutions behave 
similarly to those obtained by KOHAq and 
NaOHAq; on boiling in air a pp. of KSbOj 
(SbjOyKjO) combined with SkS^ is obtained 
(Kermes), and KSbS, remains in solution. WLen 
1 pt. Sb.^Sj is fused ata strong red heat with 3 pts. 
KajCOj, and tLO is added, a solution contain¬ 
ing antimonatc and thio-antimonatc is obtained, 
and Sb is ppd. (probably, lONaSbO^Aq + 2 H 3 O 
“ GNaSbOaAq + 4NaOHAq + 4Sb). The action 
of alkalis on Sbj.S, has been chiefly investigated 
by Liebig (.d. 7,1). 

Cofnhinaiions.^Wiih metallic sulphidoa to 


form thio-antimoailtoi (o.nQw), q,v» nnder Ann* 
ifOKT, Tazo-Aoms or, 

Antimonious sulphide; hydrated. 
The orange-red pp. obtained by passing HjS 
into a solution of SbCIj or C^H^KSbO, containing 
little acid is amorphous hydrated Sb^Sj, whioh' 
is fully dehydrated only nt 200 ® (Frosenius; ac¬ 
cording to Wittstein the pp. contains no chemi¬ 
cally combined H^O, Fr. 1870. 2G2). It behaves 
towards acids, alkalis, Ac. in the same way as 
amorphous Sb^S,. When this pp. is treated with 
peroxide of hydrogen, in presence of NH,Aq, a 
portion of it is oxidised to antiinonic acid, soma 
of which separates out and some remains in 
solution as NH^.SbO, {Easchig, B, 18, 2743). 

II. Antimonio sunPHiDR Sb.S,, {Antimony 
pentasulphide or persulphide, Golden sulphuret 
of antimony, Ac.). Mol. w. unknown. Not 
found native. Sb^Ss does not directly combino 
with S; but by heating Sh^Sj, S, and Na.^CO, 
together, Na 3 SbS 4 is formed, from which Sb-^S* is 
obtained by the action of acids. 

Formation.—l. By the action of H.jS on 
SbClj in H-^.C^H^O^^Aq, or on Sb.D 5 .xH 3 O sus¬ 
pended in water.- -2. By decomposing solutions 
of thio-antimonates by dilute acid. 

Preparation.—10 parts crystallised 
NasSbSi.OrLO (q. v. under A.ntimony, thio-acids 
of) are dissolved in CO parts H.^O ; the solution 
is poured (with constant stirring) into a cold 
I solution of 3*3 parts pure ILSO^ in 100 parts 
H. 3 O; the pp. is washed by decantation, then on 
a filter, with cold water, as quickly as possible; 
to remove all traces of acid, tlie pp. is now di- 
' gested with a cold solution of 1 part NallCOj in 
20 parts ILO for a few days; it is again washed 
then pressed, and dried in a dark place at a low 
, temperature. 

Properties.—Adark-orango powder; insoluble 
in water; completely soluble in aqueous alkalis; 
in absonco of air, soluble in NHsAq, and in 
aqueous alkali sulphides; soluble in Na-^COjOr 
1 KjCO.-iAcx, not in (NH^XGaAq. 

. Reactio7is.—l. Heated out of contact tcith 
air, Sb^Sj and S are formed.—2. Decomposed 
by boiling with hydrochloric acid, giving SbClj 
an<l II 2 S. -3. Causticalkalisdi&soh'eHh.jB^Aonn- 
i ing aiitimonate and thio-antimonatc.—4. Car- 
hm disulphide dissolves out a little S (about 5 
n.c., Eamrnelsberg, P. 52,193). That this is due 
, to a decomposition of Sh.S^, and not to the 
action of CS.^on admixed S (it lias been supposed 
[ tliat the action of CS^ proves the non-existence 
of Sh^Si), is shown by the fact that much less 
than S .3 is withdrawn from each Sb^Sj by CS,, 
and also by the reactions of the Sb^S.,,, especially 
the solubility in NH^Aq in which SbjS, is in- 
I soluble, and the insolubility in (NHJ,0O|Aq 
which dissolves Sh^S,. 

Combinations.— With alkali sulphides to form 
thio-antimonates, q.v. under Antimony, thio- 
ACIDS OF. 

Antimony, sulpho-acids of, v. Antimony, tuio- 

ACIDS OFa 

Antimony, lalpbo- (or tMo)- chlorides of. 
SbSCI. 7 SbCl 3 , and 2SbSCI.Sb.,S„ obtained by 
action of Sb^S, on SbCl,; and SBSCl, obtained by 
the action of H,S on SIiCIa (v. AntimonTi cblo, 
SIDES of). 
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Aatimony, ralplio- (dr tliio)* iodidM ot 
SbSI; by action of Sb^Si on Sbl|, or of I on 
Sbg8, {v. Antiuont, xodzdb of). 

Antimony, telluridoB of, v. AHrmoNY, Com¬ 
binations^ No. 7. 

Antimony, thio^acids of. No thio-acids of Sb 
are known, but a few thio-antimonites, MSbS^ 
and one MjSbSj, and a considerable number of 
well-marked thio-antimonates, M^ShS*, have been 
prepared. The thio-antimonitos may be regarded 
as derived from the hypothetical acid HSbS.^ 

( = SbS.Sf I); they correspond in composition with 
the antimonitcR MSbO^ and with the mota-tliio- 
arsonites MAsS.y Tlic thio-antimonates may be 
regarded as derived from the hypothetical acid 
FljSbS^ ( = SbS{SH) 3 ); nc corresponding dnti- 
monatea are known (MShO, and M^Sb.P; repre¬ 
sent the antimoiiates) ; the thio-arsenites are re¬ 
presented by three scries, one of which (the ortho- 
series) corresponds with the thio-antiinonatos. 

Thio-antimonitks. a very few of those salts 
have been prepared. Addition of absolute 
alcohol to a solution of Sb^S^ in NaOHAq pps. 
amorphous NaShS., soluble in water. By heat¬ 
ing to .'10® equivalents of Sb.Sj and NaOII 
(in cone, solution) copper-colonrcd 2 NaSl)S..H 30 
is formed (Unger, J. 1871. H‘25). The silver 
salt AgjSbS., is said to bo obtained as a grey 
mass, reddish when powdered, by heating 
AgjSbS, out of contact with air (Rarnmels- 
berg, P. 52, VX\). Several minerals may be 
regarded as thio-antiiuonitcs, e.fj. PhS.Sb.Sj; 
Ag,S.Sb,S,; CM,S.Sb,S 3 ; NeS.Sb,8s etc. 

Tiuo-AKTiMoNATns M^SbS,. Investigated 
chieily by llammolsberg (P. 52,193). Some of 
these salts arc obtained by tlic action ot alkali 
sulphides on Sb^S*; but they arc bolter obtained 
by acting on Sb.Sj witli aqueous solutions of 
alkali sulphides in piT-senco of siilpluir, or with 
aqueous solutions of alkali polysulpliidos. They 
are also obtained by fusing Sb-^S^ witli alkaii 
sulphides (or with sulphates and carbon) and 
sulphur. The decomposition, in air, of alkaline 
livers of antimony also often yields thio-antinio- 
nates (a. ANTJMONmua Rui.pmnK, Ucactions, No. 
15 and IG). The thio-antimonates of tlie alkali 
metals are soluble in water, many of the otlier.s are 
insoluble and are obtained from the alkali salts 
Ly ordinary double ilccoinpositions, the lurlnllic 
salt solution being a<ldod in quantity loss tlian 
Birfficient to decompose the whole of the alkali 
thio-antimonate. Bolntions of thio-antimonatos 
are easily decomposed by acids, even by the 
COj of the air, with ppn. of Sh^S,, and, wlien 
exposed to air, of alkali thio-sulphato. The 
alkali thio-antimonates arc not decomposed by 
heating out of contact with air; the salts of the 
heavy metals lose S, and give thio-antimonites. 
The more important thio-antimonulcs are those 
of potassium and sodium. 

Potassium thio-antiviotiatc. 2K3SbSj.9H.p; 
slightly yellow deliquescent crystals; prepared ! 
by boiling, for several hours, 1 part S, G parts ; 
KjCO,, Gparts CaO, and 20 partsIlaO, witli 11 parts 
Sb^St, Gltering, and cooling out of contact witli 
air. A salt K 3 SbS,.KSb 03 . 5 H .^0 is ob?aincd, in 
long white ncedlw.by adding cold cone. KOllAq 
to SbgS^, filtering from 2 KH(Sb 0 J 3 . 5 Pl 30 which 
separates out, and evaporating (u. Schiff, A. 
lU, 203). 

dodi^ thio - antimonatc Na^SbS^.OHjO 


(known is SchUppo^s salt). Prepared by fusing 
together 16 parts dry Na^SO^, 13 parts Sb^S,, 
and 4>6 parts wood charcoal, dissolving in 
water, boiling with 2^ parts sulphur, fiUet- 
ing and evaporating; the crystals are washed 
with very dilute NaOHAq and then with water, 
and dried quickly at a low temperature. The 
salt may also bo prepared by boiling Na..CO,Aq 
with CaO, Sb.Sg, and 8. Sodium tiiioantimonate 
forms largo yellowish luonometric tetrahedra; 
it dissolves in 2’9 parts ILO at 15°, the solution 
has an alkaline reaction. Tlio crystals are best 
kept in contact witli their mother liquor to 
which a little NaOHAq is adtled; they decom¬ 
pose in air, giving Sb.Sj, Na.8, Na.CO,, 
and Na^S.^O;,. Wlien the mother liquor from 
Schlippe’s salt is evaporated, crystals of a double 
salt Naj8b8,.Na._,SyO;,.20U.p are obtained. Solu¬ 
tion of tartar emetic is decomposed by Na 5 SbS 4 Aq 
thus; GC,n,KSbO.Aq + 2Na381)S,Aq = 
GC,H,KNaO> Sb^O.-f Sb,S3+ Sb.Sj. 
Thootherthio-anlimonates are generally obtained 
from the sodium salt: the best-marked are 
J3it,(SbS4)3.GH,0; Cug(Sb 84)2 ; rbj(SbS4)3; 
HgalSby,).^; Ag^SbS,; a few others are knoivn 
{c.ij. of Cd, Co, Mn, Ni, V, Zn) but they are very 
easily decomposed, and not many have been 
obtained in delinito fonns. M. M. P. M. 

ANTIMONY, Compounds with organic 
radicles. 

i^c/crcKccs.—LGwig a. Schwelzer,^. 76, 816; 
Landolt, /. pr, 62, 385; 67, 184; 81, 330; 
A. 78, 91; 84, 44; Buckton, C. J. 13, 116; 
16. 17; Lowig.^.88,323; 97,322; C.J.S, 201; 

! Bcrlt*, J. pr. 05, 385 ; Scheiblcr, J. pr. 04, 605 ; 
Friedliinder, J. i^r. 70, 449; Cramer, Pharm, 
C'cuM855,4G5; Hofmann,/1.103,357; Striker, 
A. 105, 300; v. Bath, P.110, 115; JGrgessen, 
J. pr. [2] 3, 342; Lc Bel, Bl. [2] 27, 444; 
Miehaclis a. Reese, .^4. 23.3, 42. 

Tri-methyl-stibine BbMcg. Mol. w. 107. 
(81°). 8.G. : 1-523. 

Preparation. -An alloy of antimony (4 pts.) 
and sodium (1 pt.) is mixed with sand and McI 
and distilled. McI and SbMe., pass over but 
unite in the receiver to form SbMe,l, which when 
distilled witli an alloy of antimony and potas¬ 
sium in a current of COj gives SbMe, (Landolt). 

Properties. —Liquid, smelling of onions, si. 
sol. water; may take fire iu air. Takes fire in 
chlorine. Reduces salts of silver and mercury. 

Salts.—Unites directly with non-metals.— 
SbMegCL: hexagonal crystals, si. soluble in 
water. I’crmed also from SbCl, an*’ ligMs^-— 
SbMOjCLSbMc^O: octahedra, sol. water. — 
SbMciBr^.—SbMCgBrM.SbMejO : octahedra, sol. 
water.—SbMeJ. : formed by heating Sb with 
Mel at 140°-^SbM.-.i.,,SbMe,O: octahedra.— 
SbMcgS: scales.—S!>Mn,(NO,),.-SbMogS 04 . 

Tetra-methyl-fitiboaium salts. SbMe,I. S. 80 
at 23°. From SbMe, and Mel; six-sided plates. 
Wlicn distilled the vapour (ShMe, -r Mel) takes 
lire in air.— SbMfq.OH: from moist Ag.O and the 
above. Deliquescent alkaline crystals: absorbs 
CO;, from air, and expels Nil, from its salts. Pps. 
baryta from Bal^, also the liydrates of Pb, Ca, 
Cu, Hg, Ag, and Zn; only the last pp. is soluble 
in excess.—SbMe,Ci: very soluble hexagonal 
plates; v. si. sol. ether.-(SbMe,Clj-^PtCl^i 
dillicultly soluble orange powder; si. sol. water, 
iusol. alcohol and ether.—SbMe,Br.—fBbMc,).^S: 
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soluble green powder; oxidises rapidly. — 
BbMSfKOa [150^]: orystals, v. sol. water, nol 
deoomposed by boiling oonoentrated £[ 2804 .^ 
SbMe^SO^H; soluble plates.—*(SbMe 4 ) 2 S 04 6 aq. 

Di>metbyl< 8 tibine sulphides (ShMaJ^B, 
[ 0 . 100 °] and (ShMo^laS are formed by passing 
into an ethereal solution of ShMe^ that has 
been oxidised by exposure to air. 

Antimony penta-methide SbMe^. (c. 98°). 
Formed together with antimony tetra-methide, 
(SbMo^)^ io. 90’’), by distilling triinethyl stibine 
iodide with ZnMo^. Both are oils which do not 
fume in air. 

Methyl-tri<ethyl<stibonittm salts SbMeEtJ. 
S. 60 at 20°. From SbKtj and Mol. Glassy 
prisms, sol. alcohol, insol. ether; the solutions 
are laDVorotatory. HgCL gives a precipitate of 
SbEtaMel 1 1 IlgL.—SbMeKt^jOlI; from moist 
AgjO and the iodide, or from the sulpliatc and 
baryta. Pps. metallic salts, the hydrates of 
zinc and alumininm dtsBolving in excess.— 
abMeEtnCl: small needles. - SbMoEt.lITgl,.— 
(SbMeEtsl-^COj: amorphous. — (.SbMcEt 3 ).S 04 : 
[100°], deliquescent, shining, bitter crystals.— 
iSbMeEtalX^O,: glassy needles, m. sol. water.— 
SbMeEt 2 C 204 H: noodles, v. sol. water.- The 
acetate, formate, and butijratc are crystalline. 

Tri*etbyl-stibine SbEtj. Mol. w. 20'J. (150°). 
S.G. i5; 1-324. V.1). 7-41 (calc. 7*18), 

Formation, —1. From HbClj and ZnEL.— 
2. From EtI and a mixture of sand with an 
alloy of Sb and potassium.—3. I'rom SbClj and 
HgEt..—4. By distilling SbEtal^ with Zn. 

Propertieii, —0\\, smelling of garlic, v. sol. 
alcohol and ether. Takes hre in air; hence it 
should bo kept under water. Decomposes futning 
hydrochloric acid with evolution of hydrogen: 
SbEt, + 2HCI = SbEt,CL H,. When slowly 
oxidised it forms »SbEt,0 and SbEt,(SbOJ.. 
Combines directly with B, So, I, Br, and Cl. 
Dilute HNO 4 dissolves it, giving oil NO and 
forming SbEt 4 (NO.,),. In all theso reactions 
tri»ethyl-stibino behaves like a metui. An 
alcoholic solution of Sbb’t, shaken witli UgO 
liberates llg while SbHtaO remains in the 
solution. 

Tri-etbyl-stibine-oxide SbEt/). 

Formation, —1. From SbEt^I, and Ag.^0.— 
2. From SbEt 3 S 04 and baryta.—3. By slow 
oxidation of an alcoholic or ethereal solution of 
SbEtj; SbEt/SbO-J.^ is formoil at the same time, 
but this dillcrs from SbEt,0 in being insol. 
ether,—4. By shaking alcoholic SbEt^ with HgO. 

PropertUs. —A syru 2 ), v. sol. water and 
alcohol, m. sol. ether; combines with acids and 
precipitates metals as hydrates from solutions 
of thoir salts. If its aqueous solution is free 
from SbEt,(Sb 0 .j 2 i 110 PP* is produced by ; 
otherwise a pp. of BbEt,(SbS 2)2 is formed. 
Potassium converts it into BbEt,. 

Tri-ethyl-stlbine salts. 

Chloride.ShMfiV,. S.G.l^: 1*540. Oil, 
soluble in alcohol. Ppd. by adding IICl to 
an aqueous solution of the iodide or sul 2 )hato. 
Cone. H. 4 SO, decomiKJses it, giving off HCl. 

Oxy-cAloridc.—KbEtjCl-^.SbEtjO. From 
the oxy^iodide and HgCl.. Deliquescent solid. 

Bromide. — SbEtjBr... S.G. 1’053. 
Solidifies at -10°. lusof. water, sob alcohol 
and ether. Behaves like a metallic bromide. 

Jodide.— BbEt,Ij. [71°]. Formed by heating 


Sb with Btl at 140°; or by adding iodine to an 
alcoholic solution of SbEt, at —15°. Needles 
^from ether). Unlike the chloride, it is soluble 
in water. Potassium removes the iodine thus: 
SbEt3l2 + K 2 = 2 KI + 8 bEV 

Oxy-iodide. —SbEt,L,SbEt,0. Formed by ' 
treating the iodide with Nil,; or by mixing the 
iodide with the oxide SbEtaO. 

-SbEtaS. From the oxide and 
H.^S or from SbEt, and B. Soluble in water and 
alcohol. Its aqueous solutions metals as 
sulphides from their salts. 

SbEt/NO,).. [63*^]. Formed by 
dl.ssolving SbEt,, or its o.xide, in dilute UNO,. 
Kliomhohcdra, soluble in water. 

SbEtjO,UNO,. From the 
oxy-iodide and AgNO.,. 

SbEtjSO, [100°]. From the 
sulphide and CUBO 4 . Small prisms, sol. water 
and alcohol. 

(SbEt, 0 )jr 3 SO,. From 
the oxy-iodido and Ag.SO,. Gummy mass. 

Tetra-ethyl-stibonium salts. 

Joefidc.- 'SbEtjI, Ijaq (and Jaq). S. (anhy* 
drous): 19 at 20°. From SbEt,, water, and Etl 
at 100°. Hexagonal prisms, sol. alcohol and 
ether.-SbEt 4 l jjfigl.,.—ShEt.I 'lllgl,. 

Tlydrate. —SbEt,Oil. From moist Ag.,0 
and the above. Alkaline syrup, metallic 

hydrates from salts : stannic oxi<le and alumina 
dissolve in excess. Expels Nil, from its salts. 

Chloride. —SbEt,Cl. Hygroscopic noodles. 
Forms compounds with HgCl^ and with 1 HC 14 . 

Bromide. —SbEt,Jh’Aq: needles. 

Periodide. —Sl)Kt,l 3 . 

Nitrate. —SbEt,NO,: deliquescent needles. 

Sulphate. —(SbEt 4 ),.SO,: deliquescent mass, 

Ox<ilatc.— (SbEt,)jO/>,. 

Antimony^penta-etiiide SbEtj (?). ( 0 .105°). 
From SbEt,!^ and ZnV^t.. 

TrNisoamyNstibine s'b{C,II,,)s. From an alloy 
of Sb with K by C/1,,I. Fuming liquid, docs not 
take fire in air. 

Oxide. Sb(C/I,,)jO: insoluble resin, solu¬ 
ble in alcoliol. 

Salts. — Sb(C 4 H|,),C 1 . 2 : oil, heavier than 
water, soluble in alcohol, ppd. by water.— 
Sb(C.H„),Br.,: oil. - - Sb(C.H„)J,.: oil. — 
.Sb(0/1,,).,(N().,)^: [20°] slender crystals, insoluble 
in water, solublein alcoliol.~Sb{0,11,,),S(),: oil. 

Antimony di-isoarayl Sh/C/1, 1)4 (?). Formed 
by distilling Sli(C,H,,) 3 . A heavy oil, soluble in 
alcohol. Does not fume in air, but explodes in 
oxygen. Its salts are amorphous. 

Tri-phenyl-stibine SbIMi.,. [48°] (above 
3C0°). S.G. 1-590. From SbCl, (1 pt.), 
cliloro-benzcno (1 pt.) and Na; benzene being 
used as diluent. Small quantiticB of SbEh^Cl, 
and SbPhaCIj are also formed. The betizcne 
deposits crystalline ShPlr,; this is warmed with 
alcohol containing HCl, which dissolves ShPIiMCl,, 
and the residual SbPhj is converted into 
SbPh.,Cl 2 by chlorine, Tlie latter is reduced by 
alcoholic ammonia and hydrogen sulphide: 

SbPhjCl.^ + H,S - SbPh., + 2 UCI + S. 

Properties. —Colourless triolinic tables a:b:o 
«-097 :1: *889. a-100° 38'.'’ 0 = 103° 37'. 

y»75° 25'; si. sol. alcoliol, v. e. sol. ether, ben¬ 
zene, glacial HOAc, CS^, chloroform, and petro¬ 
leum ; insol. water and aqueous HCl. It does not 
decompose HCl; but it oombines directly with 



ARABIC ACID. 


halogens*, it reduces onprlo, to cuprous, chloride. 
Vyith jnoroario chloride it reacts as follows: 

SbPh, + SHgClj =. SbCl, + 3HgPhCl. 
Fuming HNO, forms SbPh,(NOJj. 

Salts.—SbPhjClj [143°]: long thin needles; 
not affected by water; insol. light petroleum, 
si. sol. ether and alcohol, v. sol. benzene and CS.,. 
-SbPh,Br,. [216‘>}. - .SbPhJ,. [ 163 ^J; white 
tables. - SbPh,(OH),. 1212°). From the bro- 
nude and alcoJioIio KOH. Amorphous powder, 
sol. glacial HOAo and reppd, nnalteicd by water. 
Insol. ether, v. e. .sol. alcohol. Converted by IICl, 
‘“‘o salt.-SbPlUNOX 

[166°]. Insol. water, so', alcohol. 

Antimony di-phenyl chloride SbPh.,Cl, aq 
[180®]. Obtained us a by - product in pre¬ 
paring SbPlia. Needles, insol. water, sol. hot 
dilute nCI, V. 6. sol. alcohol. Alcoholic Nil. 
converts it into Pli.,SI)0(0H), a white powder, 
insol. water, ammonia, alcohol, ether, or 
NajCOjAq, but sol. NuOflAq and glacial 
HOAc. 

ANTIPYRINE V. Oxy-rfi-MRTHYL-QUINIXINK. 

^ APHROD.ffiSCIN. A substance contained 
in the cotyledons of the horse-chestnut (v. 
ACscinic acid), 

APIlN, When common parsley {Aj>mm 
^etrosclinum) i.s extracted with boiling water 
the filtrate gelatinises on cooling. The jelly is 
dried at 100'^ and extracted with alcohol, and 
the ulcoliol poured into water. The ojicration 
of dissolving in alcohol and ppg. with water is 
repeated, several times, and the apiin finally 
crystallised from alcohol, with stirring. Apiin 
also occurs in parsley seed; if this is boiled witli 
water, ainol distils over, while apiin separates out 
from the residue. 

-Needles; si. sol. cold water, v. 
Bol. hot water, separating ngain ns a jcdly; v. 
sol. alcohol; insol. ether. Its solution in boil- 
ing water gives a blood-red colour with NeSO.. 
Gives picric acid with UNO.,; and phloroglucin 
by potasli fusion. 

Apigenin C,,,ir,„0,; Boiling dilute II,SO. 
spills up apiin into apigenin ami glucose; 

C,,H„0,„ + H,0 = + 2C.H,..0,. 

Crystallises in plates (tiom alcoliol). It sublimes 
near 2'.M". SI. sol. liot water, v. sol. alcoliol, 
insol. ether. ^ Potos/i/Msioit gives phloroglucin, 
protocatiohuio acid, p-oxybenzoio acid, and 
oxalic acid. 

liefarcncos. —Bump, Buchner’s IhpcH. /. 
Pharm. 6,6; Braconnot, A. Ch. f.S]!) 2,')0- v 
I’lantan. Walhiee, A. 74, 262; Lindenhorn'7t.’ 

9, 1123; V. Oeriohten, B. 9,1121; Whitney, I'h. 

[3] 10, 685. 

APIOL C,,H,.0,. [30°]. ( 0 . 300°). Extracted 
by alcoliol from paisley seeds (v. Gerichtoii, B. 

9, 1477). Needles; insol. water. Alcoholic 
KOII converts it into two crystalline bodies. 
[64°] and [114°]. 'riio essential oil obtained by 
distilling parsley seeds with water contains apiol 
but consists chielly of a torpene, (1(10°-164°) 
S.G. -1 *865, [a] ~:10'8°. It has a strong smell 
of parsley. A small cpiantity of a hydiwchloride, 
[116°], can be gut from it. 

ite/mnccs.—Lowig a. Weidmann, P, 46, .63; 

V. Gerichten, B. 9, 258, 1121, 1477; Bahitzky, 
Braunschw. Amciger, a.d. 1754; Blanchct a! 
Sell; A. 6, 301; Martins, A. 4,267; Homollo a. 
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Jowt, /. Ph, [8] 28, 218; and tbe referenocft 
under Apiin. 

. Compounds beginning with this prefix 
are described under the words to which it ia 
prefixed. 

APOCYNIN. The root of Apoepaum Cun^ia- 
JiUHi contains amorphous resinous apocynin, 
sol. alcohol and other, v. si. sol. water, and a 
ghioosidc, apoeynein (Schmiedeberg, Ph. f:S] 

I 13, 942). ' ^ 

j APOPHYLENIC ACm. I’lie methylo- 
[ hydroxide ol cinchoraeronic acid; f. rriuninx 

m-OAKBOXyMC ACID. 

apples. The artificial esaonoc of apples 
contains iso-amyl iso-valernte dissolved in 
rectified spirit (Hofmann, A. 81, R7). 

APRICOTS. The artificial essence of apricots 
contains isoamyl butyrate and isoainyl alcohol. 

AQUA REGIA V. CHi.oiiHyi)nic acid. 

AQUA VITA). Alcohol. 

ARABIC ACID (Arabin) C,..II„.0„ ; «C,n,„0. 
(Neubauer, J, pr. C2, iy3; 71*, 255); C,.,U...,0,, 
(Scheiblcr, ii. 6, G12); (0‘Sullivai), 

C. J. 45, 41). 

Occurrence.- It is a constituent of probably 
all laivorotatory gums, and has been isolated 
from Levantine, Senari, East Indian, Senegal, 
and Turkey, gum ; these gums contain also, aa 
a rule, otlier acids dilTercnt from, hut closely 
allied to arabic acid (O’Sullivan). It exists in 
sugar-beet (Scheibler), and in the extract of yeasi 
obtained by boiling water (Schiitzonberger, BL 
(“j 201; C. a. 78, 41)3). The beet gum ia 

probably related to arabic acirl, but there ia iia 
evidence that the yeast-extract body belongs to 
the arabin group. Many gum-Ukc constituents, 
of seeds and roots are referred to ns gums, but 
the great bulk of them obviously hold no rehii,ioi> 
to arabic acid. It is found in certain aniinala 
j (Stcdeler, A. Ph. lU, 20). 

I formation.—It, is a product of the action of 

suljdimie acid on algie-mucilage (Urown, Kd, 

: Ph. 1. 20, 400); on quince, linseed, ami tloa-wort 
mucilages, cellulose being at the same time pro¬ 
duced (Kirchner a. Tollens, A. 175, 205); and 
on metagummic acid (Fr6my, C. B. 50, 125). 
Cellulose is transfonned into gum in plants 
(Mcroadante, G. 5, 408). In none of these cases 
have wo any information as to the character of 
the gum produced. 

Preparation.—Tho Irevorotatory gums are 
principally potassium, magnesium, and calcium 
sult.s of arabic or allied acids; they contain 
from 12 to 18 p,c. water, and yield 2*7’to 3-0 p.c. 
ash consisting almost wholly of carbonates of 
theso iiietais. Any one of these gums is dis¬ 
solved in the least possible quantity of water, 
the solution is allov ed to stand, and, when 
clear, decanted from any insoluble matter. To 
the clear liquid twice or thrice as much HCI 
as issudicient to convert the bases into chloridea 
is aflded, and the gum-acid or acids are precipi¬ 
tated by a moderate excess of alcohol. If the gum 
contains only arabic acid, the whole pp. can bo 
)mrified as is described below when dealing with 
one of the fractions; but if, as is very frequently 
Hie case, other allied acids are also present, it is 
necessary to have recourse to fractional pro- 
cipilation to isolate tho arabic acid. It is 
found in the fractions least soluble in dilota 
alcohol, and may be obtained as followsTho 





oatdy pp., hj •xoMi of alooW in 

presenoa of HC1| is well washed with spirit^ aod 
Chen pressed as free from it as possible. It is re- 
dissolved in warm water, oaro being taken to avoid 
heating for any length of time, because even 
the small quantity of HCI retained by the pp. has 
a tendency on heating even for a short time to 
decompose the arabio acid, as will be described 
below. The solution is cooled, and alcohol 
gradually added with continual stirring. In 
this way, the liquid can be made milky without 
the formation of a pp.; from this * milk ’ the 
acid or acids can bo precipitated in successive 
fractions by the addition of HCI in carefully 
graduated quantities. If 4 or 5 fractions are 
obtained, one or more of them is arabio acid. 
Each fraction is freed from ash by repeated 
precipitation from aqueous solution with alcohol 
in the least possible excess in presence of HCI, 
and from HCI by repeated precipitation from 
concentrated solution by the rapid addition of 
strong alcohol, whereby the production of a 
*milk’ is obviated. The fractions thus purified 
are treated with alcohol (S.G. 'SI) to render 
them friable, rubbed down to a powder, filtered 
out, pressed, and dried over suljilmric acid. 
Thus prepared they are white, friable bodies, 
easily soluble in water. If in this state they 
are exposed for any length of time to a tem¬ 
perature of 100^, tliey are converted into the 
meta modifications (mcla acids) whicli are in¬ 
soluble in water and only swell up to jelly-like 
masses when treated with it. If, however, they 
are previously dried in a vacuum over sulphuric 
acid until the weight becomes constant, they can 
then be dried at 100'^ without becoming insoluble. 
The fraction or fractions which arc found to 
have an optical activity, [o]| = —20'^ to —2S^, 
and which, when again divided, yield fractions | 
each of which has the same activiiy, consist of 
arable acid. 

Properties .—Arabio acid, when slowly dried 
out of syrupy solutions, on glass plutcs, is a 
brittle, transparent, colourless, glassy body, solu¬ 
ble in water. During the drying process, espe¬ 
cially if a little mineral acid is present, tlic 
acid is frequently oonverted into the meta modi¬ 
fication. Solutions of the body are .strongly 
acid to litmus paper, and have a sliarp acid 
taste; lliey completely neutralise solutions of 
the alkalis and alkaline earths, and decompose 
carbonates. The salts of the alkaline earths 
are precipitated out of solution by alcohol; those 
of the alkalis are not precipitated under the 
same conditions, hut yield peculiar milky or 
opalescent solutions from which arabic acid, 
with some of tlie alkaline salt, is precipitated on 
the addition of stronger acids. BaSO,, PbS, and 
other sulphides, and some hydrates precipitated 
in solutions of arable acid, cannot be filtered out, 
but pass, in greater part, through the filter. 
Fine animal charcoal is carried through in the 
same way (C.O’S.). Gum arabio prevents the pre¬ 
cipitation of the alkaloids by phosphomolybdio 
acid, potassium-mercury iodide, and tannin 
(I^fort a. Thibault, J. Ph. [5] 6, ICO). These 
are properties common to all the gum acids. 
The defining characters of arabic acid are its 
optical activity, viz. [a^j -—26° to —28®, for 
aolntions oontaining 5 to 6 grams dry substance 
in 100 C.O., and the cmnposition of its neutral 


iMriofia and oalolam iaiU; In the dryfftstOitbe 
fonner contains 6*0 p.o. BaO and the latt« 
2*28 p.o. of OaO (O’S.). Solid gum roasted with 
oxalic acid yields metagummic acid (Fr4my), this 
is dissolved by solutions of the alkalis and alka¬ 
line earths with the reproduction of arabic acid 
{v. Rhem. D. P. J. 21(5, 539), Gum arabio and 
trogacanth are rendered insoluble by potassium 
bichromato and light (Eder. J. pr. 19, 299). 
Gum, oven in small quantities, injected into 
the blood diminishes the elimination of urine, 
large doses completely stop the secretion, with 
a marked increase of blood pressure (Uichet a. 
Montard-Martin, 0. P. 90, 88). 

Reactions. —1. Heated with moderately strong 
nitnc acid, arabic acid yields mucic {v. Kiliani, 

B. 15,31), saccharic, oxalic, and tartaric (Diebig) 
acids; with fuming nitric acid it yields substitu¬ 
tion products.—2. Gum heated in sealed tubes 
with bromine yields a colourless or yellowish 
liquid, probably C,.llo„0,^Br„ which, when treated 
with silver oxide, lead oxide, or caustic soda, 
is converted into isodiglycolcthylenic acid, 

(Barth a. HlasiwelK, A. Ch. Pliarm* 
122, 90). It is possible sonic of the decomposi¬ 
tion products of arabic acid would yield the 
same results. 3. Gum arabio or arabin w’hen 
boated to 150° with 2 parts acetic anhydride 
yields tctracetyl-diarabin (?) C, 2 H,„(C 2 Ha 0 ), 0 ,„; 
and, when heated to 180' with (5 to 8 parts of 
the anhydride, a body having the composition 

C, .JI,i(C..H;,()),0,o; these acetyl derivatives are 
white amorplious powders (Sclintzenberger a. 
Naudin, A. Ch. [4j 21, 235). These liodics are 
certainly not derived from arabic acid as a 
wliole, but from some one of its decomposition 
products (C. 0‘.S.).~4. Pepsin, in dilute 1101 solu¬ 
tion, acts on dextrorotatory gum acid, arabinose 

I being amongst the products ;/tauermfm has no 
action (Fiidakowski, B. 11,1072). 5. (a) Gum 
arabic loft for some time in contact with 
sulphuric acid is converted into dextrin (!) and, 
on boiling, yields a sugar probably identical with 
galactose (Berthclot, (J.O. 21, 219), (5) Strong 
sulphuric acid converts a strong .solution of 
gum in a few hour.s into metagummic acid; but 
gum arabic freed from lime by oxalic acid is not 
transformed in the same way (Fr6my). (c) Pul¬ 
verised gum arabic, triturated with strong sul¬ 
phuric acid, yields sulphogiimmic arid and a 
peculiar gum resembling tliat produced from 
luicn by the action of sulphuric acid (Bmeonnot) 
and not capable of fermenting with yeast (Gu6rin- 
Varry). (d) Ara()ic acid, digested with dilute 
sulphuric acid, yields a crystallisable sugar, a 
non-crystal Usable one, and an acid the barium 
salt of which is insoltiblein alcohol: gums from 
different sources yield these bodies in various 

■ proportions, some varieties yielding scarcely 
any of the crystallisable sugar (Schcibler, B. 
6, C12). • (e) A solution containing 30 grams 
arabic acid (pure), 100 c.c. water, and 2 grams 
sulphuric acid, yields, on digestion at 100° for 
15 minutes, at least two sugars and a new acid 
the Ba salt of which is insoluble in alcohol: the 

I following'cquations represent the change :— 

4* 8-CbHjjOi 

Ar.ah1(! ncM a-arabinosic acid a-arahlaoMi 

II. + HjO =s C„H|y.C„, -fCjHjjOj 

fl-araWnnMirt wid a- or jS-araWnone 

III. + OjiHiijOj, 

Y-AiHbiQotilo aol4 e^irabinoi*. 






Oontianed digettion prodaaei shanges that 
.may be represented as tallows:— 

III. IV. V. VI. VII. and VIII. 

OHjO =“ 04 iH^ 03 j + GO^HijOg 

S.arab!nusio acid, js.r't'arabinoso. 

On further digestion we get: 

IX. C„H.A,+ H,0 = 0,,HA+0,H,,A 

t-arabinosjc acid l-arabinoso (?) 

X. + H^O = 

»c-iirabltioilc itcM. i-ixrahitiose (?) 

XI. C 4 .H,A, + AO=043A.o„-+ C.H, a 

A-!iriibiuodio acid i-»rabiuose (?) 

This last acid is very stable, resisting the 
action of a boiling 3 to 4 p.e. solution of buU 
phurio acid for a considerable time (O’Sullivan, 
C. J. 45, 41). a-arabinose is not yet fully do- 
Bcribcd; j9-arubinoso ‘ is Scheibler’s arabinose, 
•y-arabinose is probably identical with galactose, 
and the remaining sugar or sugars aro imper¬ 
fectly described. These reactions convey some 
idea of the constitution of the gums of the 
arabin group, i.e. of those which aro salts of a 
gum-acid with alkaline or alkaline-earthy bases, 
and enable us to understand some of the differ¬ 
ences observed in their properties. Those 
bodies vary considerably in optical activity; this 
is due (a) to the varying proportions of different 
closely related acids they contain. O’Sullivan 
found the acid of some samples of gum arabio 
to consist almost wholly of arabio acid, whilst 
others contained also a-arabinosic acid, [a]j * 
-3C°, and an acid [a]j = —23-’, with 

a C,iH,aOa group more tlian arabio acid, (b) To 
tlie character and position of the C,jH,„Oj group 
in the acid from the upwards. 

Kiliani {l.c.) shows that different varieties of 
gum yield, when o.xidised with IINOa,proportions 
of raucic acid varying between 14’3 and 38*3 
p.c., thus indicaling/i difference in the number 
of galactose (y-arabinosc)-yielding groups they 
contain (sec also Sc-heibler). And (c) possibly to 
the structure of the C-^aHasOo, group it.sclf. The 
gums, too, vary much in the character of the 
solutions they yield {Om. 15, 194); some give a 
tliin syrupy solution, others a thick and jelly- 
like one; tliis is due to tlie varying proportion 
of the acid naturally converted into the meta 
modification—the gums wluch yield the thinnest 
solutions arc those whicli contain the greatest 
Amount of ash. (iums from the same source 
liavo not always the same optical activity; 
f^chcibler found the beet gum of one season +, 
and of another — ; Kiliani states that East Indian 
gnm, and gnm arable elect, are +, the samples 
of these gums examined by O’Sullivan were —; 
the sample of Australian gum examined by the 
former was +, that by the latter, inactive. From 
lliis it would appear that the same plant does 
not produce the same gum in every season, but, 
on the whole, it is fairly certain that the acids 
of all the gums are constituted in the sumo way 
as arabic acid described above. 

Combinations.—The arabic salts of tlic alka¬ 
line earths are prepared by exactly neutralising 
moderately strong solutions of the pure acid 
with clear solutions of the earth ithe salt of 
which is required, precipitating with alcohol, 

* According to Kiliani (B. 20,339a, 1338) the formula 
of arabinose Is 0,11,.O,; should tliU prove to bo so, the 
formo’a of arabio acid and of the arabinosk) acid:* most be 
dimlulshed bv a CHaO group for ewy moIeMie of 
ai^auea-yleloJng grotfp they oontala 


treating the pp/^tb strong alcohol until it 
admits of being powdered, oollecting the powder 
on a hlter, pressing, and drying over sulphuric 
acid. The 5a salt contains G8„H,4..0,,BaO (6*0 
p.c. BaO) and the CaO salt, Cg^InaO^CaO (2*28 
p.c. CaO). When thg^syrupy solutions of tnese 
salts are allowed to dry spontaneously they 
yield glassy, transparent masses, like natural 
gums; the salts of the arabinosio acids yield 
similar bodies. C. O’S. 

ABABITE Cr,n,»Os which is probably 
CH2(0H).cn(0ri).cn(0n).cn(0ii).CH.,(0H). 

Penta~oxy-n-i)entane. [102'^J. Obtained oy 
reduction of arabinose with sodium-amalgam, 
keeping the solution carefully neutralised. 
Small prisms or noodles. V. sol. water and hot 
90 p.c. alcohol, V. si. sol. cold alcohol. Sweet taste. 
Does not reduce Fchling’s solution. Does not 
lose water at 100° (diff. from sorbite) (Kiliani, 

B. 20, 1233). 

ARABONIC ACID v . Irtra-oxt-taletiic acid. 

ARACHIC ACID Mol. w. 312. [75*6°], 

Arachidic acid. 

Occurrence. —1. In the oil from the ground 
nut Arachis hypogaa, from which it is obtained 
after saponification ((3ossinann, A. 89,1).—2. In 
butter (Heintz, P. 90, 140).—3. As glyceryl 
etlicr in the fruit of Nejdielium lappaceutn (Oude- 
mans, J. pr. 99,407). 

Formation. —1. By potash-fusion from bras- 
sidic acid (Goldschmicdt, J. 1877,728).—2. From 
stearic acid by converting it into the correspond¬ 
ing alcohol,C,,IIaiCILOH,and iodideCijHajCHjI. 
Tho latter gives octadecyl aceto-acetio ether 
when treated with sodio-aceto-acctic ether, and 
alcoholic KOII thence ])roduces aracluo acid 
(Schweizer, Ar. Ph. [3j22, 753). 

Properties. —Small shining plates; v. sol. 
boiling alcohol, and ether; insol. water. Gives 
a nitro-, [70°J, and an amido- [59°], arachicacid. 

Salts.—(Scheven a. Gossmann, A. 97, 257). 
AgA': prisms (from alcohol)—CuA'.^: needles 
(from alcohol)—BaA',: liardly soluble in alcohol. 
- SrA'.j- MgA' 2 : crystalline powder (from alco¬ 
hol). - KA': usually gelatinous. 

Methyl ether. [55°]. Scales (Caldwell, 
A. 101, 97); [53°] (Schweizer). 

Ethyl ether. [49*5°j. (296°) at 100mm. 

Iso-amyl ether. [45']. Scales. 

Arachins. Prepared artificially by heating 
arachic acid with glycerin (Berthelot, A. Ch. [3] 
47,355); they are insol. ether. Di-arachis 

C, lI,(01I)(00.2oH3,. 0)2 melts at [75°]. 

Arachyl chloride C...„Hs.ACI. [67®]* 
Unstable (Tussinari, B. 11, 2031). 

Arachamide C^uIIs^O.NHa. [99°]. Prisms 
grouped in stars; insol. water, sol. hot alcohol 
(Gossmann a. Sohevyn, A. 97, 262). 

Acetic-arachic anhydride 
C..on,.jO.O.Ao. [G0°]. From AcCl and potassium 
arachato. Scales (from ether) (T.). 

Valcric-araehic anhydride 
O AO.O.CJi,0 [68°] (T.). 

ARALElN. T)io hark of Aralia spinosa con¬ 
tains a tannin which gives a green colour with 
FejGl,, and a glucoside called aralem. The latter 
is a neutral, light-yellow substance, sol. water 
and alcohol, insol. ether, benzene, and CHCla. 
Gives no pp. with lead acetate, HgCl^ or PtCL. 
Boiling dilate HOI oonverts it into white arall* 
lekin, insol. water (Holden, Ph, [3] II, 210). 



grotnsig hiuwI^ipfS:^ 
IsiandB (Manjean, J, Ph 9,45 \ Bonastre, J, Ph^ 
10,190). Baup {J-pr, 65, 83) finds four crystal* 
line substances in it: Amyrin [174^J;Bre!din, 
B. *39 at 20®; Brein [187®j; and Bryoldin 
[186®]. 

AEBOTIK Jaq. [166®]. 

Occurrence, —Together with methyl-arbutin 
in the leaves of tlie red bearberry, ArcUista- 
phylos Uva Ursi (Kawalier,-4.82, 241; 84, 366), 
and in the leaves of a species of winter-green, 
Pyrola nmbcllata (Zwenger a. Himmclmann, 
A, 120, 203). 

Preparation.~The aqueous infusion of the 
leaves is ppd. by lead acetate, excess of lead re¬ 
moved by H.B, the filtrate evaporated and the 
arbutin extracted and crystallised by a mixture 
of ether (8 pts.) and alcohol (1 pt.). The pro* 
duct is a mixture of arbutin and methyl- 
arbutin, which can bo separated by crystallisa¬ 
tion from water (H. Schitf, G. 11, 09 ; 13, 538; 
A. 221,305; cf. Habcrmann, M. 4, 753). 

Properties. —Long glistening needles which 
melt at 105°, but, on second fusion, at 187° (H. 
Sehiff, JS. 11, 304; A. 206, 159). V. sol. alco¬ 
hol and boiling water, v. si. sol. ether. Its 
aqueous solution gives no pp. witli lead acetate 
or subacetate. Duos not reduce alkaline cupric 
solution. Dilute Pe.,.Cl^. gives a blue colour. 

Iii acHous.~l. 8j)lit up by emulsiii or by boil¬ 
ing dilute il SO, into Iivdroquinone and glucose 
(Strecker, A. 107, 229).-2. H,SO, and MnO, 
form quinonc.—3. Converted by Ag.O into water 
and di-arbutin, an extremely soluble syrup, 
whence arbutin can be recovered by reduction 
with Zn and II.SO, (Schilf, .1. 154, 214).—4. 
Chlorine passed into an aqueous solution forms 
di-, and tri-chloro-quinones (Strecker, A. 118, 
295). 

Acetyl derivative C,.,.H,,Ac.O,. Plates 
or needles (from alcohol), insol. water. 

Benzoyl derivative Crystal¬ 

line powder, si. sol. alcoliol. 

Di-nitro-arhutin C,.n,4(NO.).0;. Golden 
needles (from water); insol. etlier (Hlasiwetz, 
a. Habennann, .A. 177,313). Gives an orange 
pp. with lead subacetate. Boiling dilute 
gives di-nitro-ljydroquinonc. Converted by Ac..O 
into C,,H.,Ac,(NO,),0,. 

Methyl-arbutin C,.,H,sO, i.e. 
CsH,_0(OH),.O.C,H,.OMe.[lG9°J (Michael): [175°] 
(SchilT). Occurs in nature associated with 
arbutin. PVnied synthetically by tlic action of 
acetoclilorhydrosc upon potassium hydroquinone 
methyl ether, KO.C,,H,.OMc (Michael, Am. 5, 
178; B. 14,2097). Also from crude arbutin by 
converting the free arbutin into methyl-arbutin 
(by Mel and KOH) or into benzyl-arbutin (U. 
Sehiff, 0. 12,404; A. 221, 300). 

Colourless silky needles, with 
bitter taste. Contain aq and molt at 109° 
(Michael); contain .Uq and melt at 175° (8chiil). 
Sol. water and alcohol, v. si. sol. ether. Gives 
no blue colour with FCjGI^. 

Benzyl-arbutin i.e. 

PhCH/).C..ir,O.C,H„0,aq. [101®]. S. '19 at 23° 
Fronj PhCILBr,commercial arbutin (containing 
methyl-arbutin), and KOH in boiling alcohol. 
Excess of KOH is removed by CO 2 , and after 
•vaporating and adding water, benayl-arbutin 


' BoInMo in boiling water, 
rery soluble in alcohol. Does not reduce 
Fehling’s solution, except after short boiling 
with H^SO, which splits it op into glucose and 
benzyhhydroquinono. Gives on nitration yellow 
needles which are benzyl-nitro-arbutin, 
0„Hj|(N0a)0„ [143°], split up by dilute HjSO, 
into glucose and benzyl-nitro-hydroquinone 
(Schifi a. PelHzzari, A. 221, 805). 

Isoamyl-arbntin. From the mixture of arhu* 
tin and methyl-arbutin by amyl bromide and 
NaOH (S. a. P.). Needles. On decomposition 
gives iso-amyl-hydroquinone and glucose. 

ABCHII or Orscille is a purple dyo obtained 
from various lichens {Roccella, Lecanora, and 
Variolaria) containing acids (erythric, lecanoric, 
drc.), which on decomposition yield orcin (q. v.) 
which is converted by air and ammonia into red 
orcein. When KXO 3 orNa^CO^ as well as am¬ 
monia is added to the lichens litmus is produced. 

AEGINIKE C,H,,NA- Easily soluble in 
water; reacts alkaline. Occurs to the extent 
of about 3-4 p.c. in the young shoots of tlie 
lupine {lupinus lutcus). The shoots are ex¬ 
tracted with water; tannin and lead ac('tate arc 
added to the extract; the filtrate is acidified with 
again filtered, and ppd. with phospho- 
molybdic acid; the jip. is washed and treated 
with cold milk of lime, and tlie solution of the 
base finally neutralised with IIXOj and evapo¬ 
rated to crystallisation. 

•Salts.—B'HNOj Aaq: slender white soluble 
needles; with phosphoniolybdic acid it gives a 
white pp. soluble in hot water; with picric acid 
a yellow crystalline pp. is formed on standing, 
— Ji'HCl: large crystals, — J^^_,Cu(NO .,)2 3aq : 
formed by heating a solution of the nitrate with 
cupric hydrate; dark-blue*prisms, si. sol. cold 
water (Scluilze a. Steiger, B. 19,1177). 

ARGOL. Crude acid potassium tartrate de¬ 
posited from wine. 

AKGYR.ffiSCIN A glucoside in 

the cotyledons of the liorse-cliestnut. Minuto 
tables (from dilute alcohol). 8 j)Iit up by dilute 
HCI into argyra^scctin and glucose. 

Potash produces propionic acid and jescinicacid 
(f/. t’.) (Itochleder, J. 2 >r. 87, 1; 101, 415). 

AEIBINE C,.,1L.,N.. S. 12*9 at 23°. Abase 
extracted by dilute ll.SO^ from the bark of 
Arariba rubra, the solution being treated with 
load acetate and the base dissolved in ether, from 
wliich it separates as anhydrous ])yramids or 
(with 8 aq) as four-sided prisms. V. sol. water 
and alcoliol, m. sol. ether (lUeth a. Wohler, A, 
120, 217). •SaUs.-B"211Cl.—B"H,,PtCI,.— 

B"JI„SO,.-B"2iI.SO,. 

AEICINE [188®]. S. (other) 

5 at 18°. ‘ CnscQ7iine,* Cmch(watine. Yellow 
Cusco bark contains *24 p.c. aricine and *37 p.c. 
cusconine. Occurs also in bark of cinchona 
cuprita (Hesse, Ph. [3J 12, 517). Prisms (from 
dilute alcohol); insol. water, v. c. sol. chloro- 
fonn, m. sol. ether, v. si. sol. ahiohol. Solutions 
are not fluorescent. Loivorotatory in alcoholic 
or ethereal solutions; its solution in dilute 
HCI is inactive. In a 1 p.c. ediereal solution 
[a]i)= -04-8°; in a 1 p.c. alcoholic (97 p.c.) 
solution [a]„=-54°. Aricine is turned dark 
green by cone. HNO3. Bleaching-powder and 
NHj only ^ive a yellowish colour. 



Saitt. 

Sin.-B'BNOr—sleodw needles, 
&.. sol. ooM water.^B^S 04 : small prisms, t. 
it sol. cold water.->B'HOAc8aq: grains, v. sL 
ol. cold water.—B'fijOaOi 2aq: white prisms, 
luiokly ohan^g to rbombohedra, S. *049, si. 
oL hot aloonoL — B'HSOy. — Salicylate 
I'C^HjOiSaq. 

i?e/erences.—Pelletier, A, Ch, [2] 42, 330 ; 

I, 1^; Pelletier a. Corriol, J, Ph, [2] 15, 575; 
leverkOhn, Repert. f. Pliarm. 83, 357; Manzini, 
; Ph, [3] 2, 96; Howard, PK [3] 5,908; Hesse, 
. 160, 259; 181, 68; 185, 321; 200, 803. 

ABBICIN C.(,H 3 o 04 (?). An amorphous sub- 
;ance present in the root, leaves, and blossoms 
! Arnica montana (Walz, N, Jahrh. Pharm. 

J, 175; 14, 79; 15,329). 

ABOMATIC SERIES. Substances whose mole* 
l^oales contain a benzene nucleus are said to 
lj)elong to tlie aromatic series. 

^ Elements attached to a carbon atom belong* 
ling to the benzene nucleus are more firmly 
fixed than when attached to a carbon atom not 
in tliat nucleus: in the former case the deriva¬ 
tive (called an eso derivative) has the character 
of a derivative of benzene, in the latter case tlie 
derivative (called an exo derivative) behaves like 
a fatty compouiHl. Thus exo-cliloro-toluene 
(benzyl chloride) C^IIjCH^Cl bcliaves like ethyl 
chloride, being readily converted into an alcolioJ, 
amine, or cyanide, by treatment with KOH, NIIj, 
or KCN, respectively; while e.w-cliloro-toluone, 
CuH,Cl.Clly, is not uiicctod by these reagents. 

It must, however, be added tliat the ease with 
which a given atom or radicle in tlie molecule 
of an aromatic compound may be displaced 
depends not only upon its position in relation to 
the carbon atoms but also upon the existence 
xnd position of other elements or radicles in the 
aiolccule. Thus o- and p-t but not w-, chloro* 
litro-benzene are converted by hot aqueous 
lotash into nitro-phenols, and by Nllg into 
litro-anilines; while chloro-phenols and chloro* 
lenzone sulphonic acids are converted into di- 
ixy*bcnzenes by potash-fusion. 

Halogens acting upon cold hydrocarbons in 
ho presence of carriers (such os I) enter the 
enzene nucleus, but when acting alone n])on 
ydrocarbons at 100*^ or upwards they enter a 
ido chain {exo position). Direct sunliglit lias 
*iie same effect as elevation of tompevalure, but 
its effect is entirely counteracted by the presence 
of iodine (Scliramm, B. 18, COG). Halogens 
attack a benzene nucleus that already contains 
hydroxyl, ainidogen, or SOyH, with much greater 
vigour than wlien its carbon atoms are united 
only to hydrogen and carbon. 

Cone. HNOa and cone. IlySO, attack aromatic 
compounds, NOy and SO^H displacing 11 in the 
nucleus; they do not act upon fatty compounds 
In this way. 

The constitution of tho molecule of benzene, 
ind the methods by which the relative position 
)f elements or radicles in the molecules of its 
lerivatives have been determined wiTl bo dis* 
mssed in another article, n. Benzene. 

laws of Substitution.—I. When one of the 
ollowing radicles has displaced one of the atoms 
if hydrogen in tho benzene molecule, forming 
he compound O^H^A, any new group on enter* 


tag to nk a to A. Hots A 

ttay I>»>O0,iB, SO.fi, or NO,, and probably also 
ON, CHO, SO.Ph. and CO.OH, (Hubner, B. 8 , 
873 i Ndlting, S, 9, 1797; cf. Armstrong, C. J. 
81, 269; Morley, C. J. 61, 679). 

II. If in a sabstituted benzene, the 

substituting element or radicle bo not one of the 
' '' ig, then any new group on entering will 

take up an ortho or a para position: usually 
chiefly p with a little o. Examples of B are 
NH„ NIIAc, OH, Cl, Br, I, CH^ and all chains 
of carbon atoms except such as begin with CO. 

These Inwa foil ♦I'o chief product of the 
Bubstitutu. of isomerides at 

variance wii:. « be formed. 

The radicleo **■■- - mci-a substitution 
are all composed of an element (N, C, or S) 
united to a chlorous group; CClj is also a radicle 
of this kind, and it gives a w-nitro-derivative» 
but it also gives ap-chloro-dcrivalive. 

The radicles that induce p or o substitu¬ 
tion are cither single elements, or elements 
united to basylous elements or groups. The 
radicles CH. 3 CI and CHGl.^ are intermediate in 
character; the latter appeariii}* to resemble 
CCI3, the former resembling Clfj. Armstrong 
points out that the radicles producing tn deriva¬ 
tives are iinsalurated, and might form additive 
compounds before substitution takes place. 

Amido compounds in presence of excess of 
II.SO^ (20 pts.) when treah'd with tlie calculated 
quantity of UNO., dissolved in TLSO^, added at 
0 ", give chiefly meta-nitro derivatives, some of 
the p-nitro derivative being also formed. Ex¬ 
amples: aniline, acetanilide, tciluidinc, xylidine, 
^i-bromo-anilino (Nolting a. Collin, B. 17, 2G1), 
di-mcthyl-aniline, di-etliyl-aniline {(troll, B. 19, 
108), ethyl-aniline (Nolting a. Slvt cker, B. 19, 
SIC'). The amount of mcla-nitro derivative 
formed is increased by increasing the quantity 
of sulphuric acid present. In all these cases 
nitrogen is attached to a chlorous radicle, anilino 
sulphate being C,JliN(O.SO;,ll)lf 3 , and might 
therefore be expected to pro<luce a nieta deri¬ 
vative. It is, however, curious that a solution of 
aniline sulphate in a small quantity of .sulphuric 
acid gives very little m-nitraniline on nitration. 

When a new clement or radicle enters a 
benzene nucleus in which more than one H is- 
already displaced if it can satisfy the require¬ 
ment.? of each of tlie siibstitneuls already pre.sent 
it will do so; if not it obey.? tlie most powerful 
substituent prerent. The following a)q>ears to- 
be tlic order of priority, beginning witli the 
strongest: 

HO; Nir^; halogens; CH^; othoralkyls; NO.j; 
CO^H and SO,,H, T.ie conversion of «*nitro- 
phonol into C.iH 3 (OH)Br(NO.,.) [1:2:4], and that of 
o-nitro*phenol into CgIl.,(()H)jir(NO.J [1:5:2], by 
the action of Br are instances where both NO.^ 
and OH are obeyed; but in tho action of Br upon 
2 ?-bromO'phenol and of IINO 3 upon C,iH;,(On)Cla 
[1:2:4] the new substituent obeys tho stronger 
radicle, producing C«II.,(On)Br., [1:2:4:6] and 
CuH.j(OIl)Cl 3 (NO^) [I:2;4:6] respectively. 

When a hydrocarbon radicle is introduced 
by the agency of AlCI^ it does not always follow 
the foregoing rule; thus w-xyletic is the chief 
product of the action of MeCl upon benzene in 
presence of AlCl,. 





Difftrmcu b$lwmio, fnt and p compoimd$» 
Ortho, meta, and para oompounde usaidly boil 
at about the same temperature, but the para 
•compounds have the highest melting-points. 

^ The ortho compounds are usually the most, and 
‘ the para compounds the least, volatile with 
steam. In the oxidation of ortho compounds 
the benzene ring is liable to bo broken up, while 
in the meta aiid para compounds this is not the 
■case (f. Hyduocarbons). Ortho compounds 
readily give rise to products of condensation in 
wliich the side chains may be supposed to bo 
joined in the form of a ring; this tendency is 
■observed to some extent in the para series but 
not at all in the meta series. Thus by loss of 
Hj.0 o-amido.phenyl-glyoxylic acid gives isatin; 
<o-amido-ciui:umic acid gives carbostyril, o-oxy- 
oinnamic acid gives coumarin; phthalio acid 
gives phthalic anhydride. 

o-nitraniline hydrochloride is readily dccom* 
posed by water, p-nitraniline hydrochloride less 
so, and i^-nitraniline liydrochloride is hardly 
decomposed by water (Lellmann, B. 17, 2719). 
In general, the introduction of a radicle into the 
m-position produces less change in the pro¬ 
perties of a compound than the introduction of 
the same radicle into the o and p position, and 
of the resulting derivatives the meta are the 
most stable. Thus m-xylene is oxidised with 
difficulty, while dilute HNOj readily converts o-, 
and xylene into toluic acids. Ortho-, and 
ara-, oxybenzoic acids are converted into phenol 
y heating with aqueous HCl in sealed tubes, 
while w-oxybenzoic acid, like benzoic acid itself, 
is unaffected. Ammonia converts o-and jp-nitro- 
anisols into nitranilines, but does not affect m- 
nitro-anisol or anisol itself; similarly ammonia 
converts o-, and p-, bromo-nitro-benzenes into 
nitranilines, but does not affect m-bromo-nitro- 
benzene or bromo-bonzene itself. Boiling alkalis 
convert o-, and p-, nitraniline into nitrophcnols, 
but do not affect w-nitraniline or aniline. Aniline 
And m-nitraniline resemble one another in 
readily uniting with phenyl tbio-carbimide (form¬ 
ing diphcnyl-thio-urea and nitro-di-pl)enyl-thio- 
urea respectively), while p-, and o-, nitraniline 
require to be heated for some time with phenyl 
thio-cai'bimide before they will combine. Ben- 
Aoic acid and w-oxy-benzoic acid are readily ; 
reduced by sodium-amalgam to benzyl alcohol 
and ^H-oxy-benzyl alcohol respectively, while o-, 
andp-, oxybenzoic acids are not attacked. Ortbo- 
and para-nitro-acetanilide dissolve in cone, 
potash ; the* former is readily saponified by the 
potash, giving potassium acetate and o-nitro- 
anilino; a similar decomposition occurs with the 
latter, but with greater difficulty. Meta-nitro- 
acetanilide is insoluble in cone, potash, and is 
scarcely affected by it (Kleemann, B. 19, 336). 
The substitution of an atom of hydrogen in the 
nucleus by an atom of bromine is accompanied 
by absorption of heat; in an actual experiniont 
inis is not observed, being more than counter¬ 
balanced by the beat developed in the simul¬ 
taneous formation of HBr (Werner, BL 46, 
282). 

Occasional reactions. 

1. Acetyl brontide not only displaces H by Ac 
but sometimes even turns out an alkyl; thus it 
booToris di-methyl-aniline and di-euiyl-oniline 


into methyl BoefamilUs, ethyl-aeetenllide 
teepe^veljr (Staedel, B. 19,1947).—9. Bmtoyl 
chloride sometimes behaves in the same way, 
converting di-methyl-aniline and di-ethyl-ani- 
line into methyl-benzanilide and ethyl-bensani- 
lide respectively.—8. Nitric add in nitration 
sometimes turns out aoetyl, converting ethyl 
acetanilide into C„H3(N02)2NEtH [1:3:4], and 
behaving similarly towards methyl acetanilide 
(Norton, B. 18, 1997). Nitric acid sometimes 
turns out bromine; thus it converts p-bromo- 
aniline into tri-nitro-anilino (picramido) (Hager, 

B. 18, 2678).—4. Potash converts di-nitro-^- 
methyl-aniline, CjH,(N02).NMo3 [4:2:1] into di- 
nitro-phcnol, di-mctbyl-amine being given off. 

Molecular changes. 

At high temperatures o-oompounds may 
change top-, and both o- andp- to m-. At 100“ 
o-phenol-BuIphonio acid changes to p-phenol- 
Bulphonio acid. At 220° potassium salioylato 
changes to p-oxybenzoatc, while sodium sali¬ 
cylate is not affected at that temperature. Besor- 
cin is obtained by potash-fusion from benzene 
p-disulphonic acid, p-chloro-benzene sulphonio 
acid, and o- and p-bromo-phonol. 

Methyl can pass from combination with 
nitrogen into the nucleus j thus dimethylanilino 
methylo-iodido at 220° gives o- and p- dimethyl 
toluidino, methyl-xylidine, and di-methyl-xyli- 
dine; while at 336° it gives i^-oumidine, 

C, H.,MejNH„ (Hofmann, Pr. 21, 47). 

Ethyl aniline hydrochloride at 320° changes 
similarly to ethyl-phenyl-amine, CjH.EtNHj, 
while isoamyl-aniliue hydrochloride becomes 
isoamyl-phenyl-amino, C„H,(C 3 H||)Nir 2 (Hof¬ 
mann, B. 7, 626). In these cases it may bo 
supposed that Mel, MeCl, EtCl, and CjHuCl re¬ 
spectively are split off and then attack the nu¬ 
cleus ; this action of MeCl is seen in the conver¬ 
sion of xylidinchy(1rochlorideintoi|.-cumidineby 
heating with methyl alcohol at 280° (Hofmann, 
B. 13,1730). 

Conversion of fatty compounds into aromatic. 

1. By passing acetylene (q. v.) through a red 
hot tube.—2. By heating acotono or ullylene 
with sulphuric acid mcsitylene is formed.—8. 
Uvitic acid, CyH.,Me(CO.jH)- [1:3:6] is formed by 
boiling pyruvic acid with baryta.—4. Oxy-uvitio 
etlier is formed by the action of chloroform on 
sodium aceto-acetic ether.—6. Succinylo-succinic 
ether from succinyl chloride, sodium, and 
succinic ether is di-oxy-di-hydro-terephthalio 
ether; when heated with KOH it gives hydro- 
quinone. Hydroquinono is also formed when 
succinates are subjected to dry distillation.—6. 
Phlorogluoin tri-carboxylio ether is formed by 
the action of sodium or of ZnEt, on malonio 
ether (Baeyer, B. 18, 3467; Lang, B. 19, 2937). 
7. Tri-mesio ether is formed by the action 
of sodium on a mixture of formic and acetio 
ether (Piutti, B. 20, 637).—8. Ilexyl iodide and 
bromine at 200° gives hexa-bromo-bonzene 
(Krafft, B. 9, 1086; 10, 801).-9. K and CO 
combine,'terming C,(OK), (Nietzki a. Benokiser, 
B. 18, 1833). 

Conversion of aromatic compounds into fatty, 

1. Carbonio, oxalic, and formio aoids are pro* 
ducts of oxidation of aromatic oompotmdii,— 
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8, Benzene is converted 1)7 KOlOt and HOI into 
C^H, 01,0a, which is converted hj baryta into 
fomario acid.-»3. Nitrous acid converts pyrooa- 
(eohin in ethereal solution into dioxytartario 
acid.—4. HCl and KGIO, convert gallic acid into 
tri'Chloro-glyceric acid. — 6 . Chlorine passed into 
a cold aqueous solution of phloroglucin gives 
diohloro-acctic acid (Ulasiwctz a. Habcrmann, 
A. 165, 132). 

Aromatic acids. The principal aromatic acids 
arc those containing SO 3 H and those containing 
COjH. The former will bo discussed as Son- 
PHONIC ACIDS, the latter will be briefly character* 
Ised here (y. also Acids, amido-, buomo-, ciiloro-, 
10 D 0 -, and KiTito-acids). 

Foniuition.— l, By oxidation of homologues 
of benzene or derivatives of such homologues. 
KjCr.p, (2 pis.), H.SO^ (3 pts.), and watcf (3 to 
5 pts.), is a convenient mixture for the purpose; 
but it converts all sido chains into carboxyls, 
thus m- and p- xylene become iso*, and tore-, 
phthalic acids, while inesitylone becomes trinic- 
ric acid. Dilute IINO* (S.G-. 1’2) and aqueous , 
KMnO^ oxidise more gradually, attacking one 
jido chain at a time, thus converting 0 - and p- 
lylene into o* and p- toluic acid and mesityleno 
nto mesitylenic acid.-'2. Bypassing CO^. over 
t mixture of a brorao-derivntive and sodium: 
l,H,Br + CO, + Na, = C,H,CO,Na + NaBr(Kekul 6 , 
4. i37, 178).—3. By heating a bromo-deriva- 
ive with chloroformic ether and sodium, thus: 
C.HsBr + CICO,Kt + Na,- 0,11,00,Et + NaCl + 
'laBr (Wurtz, A. Suppl. 7, 125).— 4 . By the i 
ction of COCL, or CO, on aromatic hydrocarbons 
n presence of AlCl, (Fricdel a. Crafts, v. Alit* 1 
tiNiL'M ciiLoiiiuE, p. 147) the product being ' 
roated with water. The amides may be pro- j 
uced in a similar^way by using CI.CO.NH, : 
istcad of COCl., (Garteriuann a. Schmidt, B. 20, 
58).—5.By heating sulphonates with sodium for- j 
iate: PhSOJv + IICO,Na»Ph.CO,Na + HSO,K ! 
V. Moyer, A. 166,273).—6. By saponification of , 
itriles. The nitriles may bo obtained eitiier by 
eating sulphonates or e.To-cliloro derivatives 
ith potassium cyanide or by heating thio-car- 
imidea with copper (Weith, B. C, 212). Nitriles 
lay also be obtained by distilling tlie formyl 
srivatives of amines witli zinc-dust, c.g.i 
hNH.CHO = ILO + PhCN.—7. By oxidation of 
cohols or aldehydes.— 8 . Aromatic acids con* 
ining carboxyl in the side chain can bo pro- 
ired by synthesis with aid of aceto-acetic etlior 
.V.) or of malonic ether (q.v.). —9. Oxy-aoids 
are formed by boiling diazo-acids with water, or 
by potash-fusion from chloro-, bromo-, iodo*, or 
Bulpho*, acids.—10. By passing CO, into sodium 
phenols at 180*^ or potassium phenol; in the 
former case CO,H takes up a position ortho to 

hydroxyl. Potassium phenol at llO'^ gives 
lalicylio acid, but at 170*^-200® it givesp-oxy-ben- 
j^ic acid. The reaction takes ifiace in two stages: 

I C,n,.0.Na + CO,« C„H,.O.CO..Na; 

^ C„H,.O.CO,Na=C,H,(OH).CO,Na 

|v. OxY -BENZOIC acids).— 11. By heat&g phenols 
vith dilute alcoholic solution of CCl, and 
uon at 100 ®: C^HjOH + CCl. + CNaOH^ 
yi^(0Na)C0jNa + 4NaCl+.4H,0 (Tiemann a. 
ieimer, B. 9, 1286). The carboxyl takes up 
tositions para and ortho to the hj^droxyl.— 


13. Perkin^s synthesis of (^namio add and ito 
homologues Is described and discussed in the 
article on Aidshtdes.— 18. Besorcin and ita 
homologues are converted into (1, 3, 4) and 
1 , 3, 2 ) di*oxy*benzoio acids and their homo* 
logUGS by heating with ammonium carbonate 
and water; while hydroquinone and its homo¬ 
logues heated with potassium bicarbonate, water, 
and a little KjSO;, give (1, 4, 2) di-oxy-benzoio 
acid and its homologues (Senhofer, Sitz. B, 80, 
501; 81, 430,1044; 2, 448). 

licactions.—l. The aromatic acids are sub¬ 
ject to the general laws governing substitution 
in tlic benzene nucleus.—2. They are usually 
si. sol. water but v. sol. alcohol and ether. The 
homologues of benzoic, and of salicylic, acid 
are volatilo with steam, m*, and p-, oxy-benzoio 
acids are not volatile with steam. Salicylic acid 
and its homologues are soluble in chloroform, 
p-oxy-benzoic acid and its homologues are not, 

I Ortho-oxy-acids are also characterised by giving 
a violet colouration with Fe,Clfl.—3. Ortho-oxy- 
acids of the form 0 ,H^( 0 U).CIl 2 .C 02 H or 
C,H,(OH).CH,.Cn,.CO.,H have a tendency to 
produce anliydridcs or lactones; ortho-amido 
acids of the form CaH^(NH 2 ).CH,.C 0 . 2 H or 
C 3 H,(NH,).CH,.CH,.COjII readily form anhy¬ 
drides, similarly called lactams: 

or laetims: CsH^<^*^^='^C.OH.—4. Benzene i» 

produced by fusion with NaOH from benzoic acid 
(75 p.c.), trimollitic acid, hydrocinnamic acid, and 
cinnamic acid (50 p.c.); a little diphenyl is also 
formed. Fusion with NaOlI convmls 0 -, and p*, 
oxy-bcnzoic acids into phenol (50 to 60 p.o.); 
protocatecliuicacid into resorcin (50 to CO p.c.); 
(1,.3, 5)-di-oxy-bcnzoic acid into ro.sorcin (60 p.c.), 
phlorctic acid and p-cournaric acid into p-oxy- 
benzoic acid and finally into phenol; oxy-tere- 
phthaiio acid into salicylic and ;)-oxy-benzoio 
acid.s, and finally into phenol (Barth a. Schreder, 
B. 12, 125.5). 

Aromatic bases. The preparation and pro- 
])ertics of the aromatic bases have been dis¬ 
cussed in the article on Amine.s. Tlicy may be 
divided into two classes according as the 
nitrogen is attaclied to carbon in a benzene 
nucleus or in a side chain; bases of the latter 
form resemble fatty amines. Aniincs containing 
I ainidogen attaclied to the benzene nucleus are 
w(?aicened in basic power by introduction of 
nitroxyl or halogens into tlio nucicus, more 
especially if tJiese radicles do if)t occupy a 
position inota to the aniidogen. Triolilovaniline, 
dinitraniline, and trinitraniline do not combine 
with acids; the h''i.or is even saponified by 
potash with formation of trinitrophenol. 

AHSENATE3, Salts of arsenic acid, r. 
Arsenic, Acids of, p. 305. 

ABSENIC. Ah (Arsenicum, Ucgulusarsenici, 
hpiTevmop. By the term ffarSaptivT] Aristotle seoma 
to mean a compound of arsenic and sulphur, 
called a^^(viK6p by Theophrastus). At. w. 74’9. 
Mol. w. 299-6; 149-8 at c. 1700® (Biltz a. Meyer, 
B. 22, 725). Melts only under great pressure 
(Landolt; also Mallet, 0. N. 26, 97). S.G. 
6-23 to 6-76; pure, crystalline 6*726-5-723; 
grey, pearly crystals ~ 4-71 (Bettendoril, A. 
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Ui. U0)i amorphom |f 4'71(H-716 (ibid, 
lx.) ; fused jj" 5-709 (Mallet, C. N. 26, 97). 
V.D. 117-2 at 860° (Deville a. Ti-oost, C. B. 
66,871); 133-7 at 610-670° (MitscUerlich, A. 

12, 15'J). S.H. crystallised, -083-, black, 
aiuorpbous, -0738 (llcttondoril a. Wiilliicr, J . 
133, ’203). C.K. (linear at 40°) -00000339 
(Fiseaux, C. 7’- 68,11-23). K.C. (Hgat0° = l) 
2-679 at 0-’, 1-873 at 100° (Mattliiossen a. Bose, 

T. 15-2,1). S.V.S. cryst. 13-1; aniorph. 15-9. 

"^i^^xat. wt. 15-1 (Gladstone, Pr. 18, 49). 

(I 

Chictliiies in emission spcctnim, V. Huntington, 

P. Am. .4. [2] 9, 31; Hartley a. Adeuey, T 
1884.121. 

Ocmrrence .—Found native, but more fre¬ 
quently associated with other metals and 
sulphur, ill widely distributed ores. Obtained 
as a principal product chiolly ivovituiiivcarseuic, 
avscuiccd iron l-'cAs.. and be^ASa, and eiTSCttictll 
ptnites FcAsl'eS.,;'obtained as a secondary 
product from sintiltine. cohult giaiice, arsenical 
cobalt, nicJ;,l ,jluncc,mmy fakl-orcs.Ao. Occurs 
also in fen-iiginoiis deposits of certain mineral 
waters (Will, .4. 61,192); in nearly all iron ores . 
(Walchner, -I. 61, 205); in soils, from the 
weathering of iron pyrites (Sonnenschem, 
Ar.Ph.'i) 113,215); in the residue obtained 
by'cvapora'ling sea water (Daiibree, Ann. M. [1] j 
19 660) - fi'e(|ueiitly found in metallic bismuth : 
(Schneider, J. pr. [2] 20, 418); in various kinds : 
of pyrites, and hence in most samples of com- . 
uicrcial sulphuric acid, and in many substances ; 
in the manufacture of which this acid is used : 
(v. H. A. Smith, P. M- [4] 41, 370). I 

Prepriration.—On the large scab by heating 
to redness, out of contact willi air, arsenical ; 
iron or arsenical pyrites; arsenic sublimes; iron, : 
or ferrous sulphide, remains. I’lepared in small 
quantities at a time by heating As,0„ with pow- 
dered charcoal, or witli ‘black flux,’ in crucibles 
covered with conical iron caps. Also by heating 
As-S. with charcoal, an alkaline carbonate, 
and KCN. Purilicd by resiibliination after 
mixing with ijowdered charcoal; or by heating 
with f little I (Biidwig, Ar. Ph. [2] OJ, 23); or 
by boiling with moderately cone. K.,CrO, Aq 
acidified with H.,SO, (Biittgcr, J.pr. [2] 2, 131) ^ 
Arsenic wa.s fir.st prepared from arseinous acid ; 
in 1694 by Schroder; its cliernieal mi turn was j 
further investigated by Brand (1733), Macquer 
(1746), Manj.i t 11773), and others. Scheelc dis¬ 
covered arsenic acid and arsenuretted hydiogen 
in 1775. 

Properties.— Very brittle, steel grey, lustrous; 
crystallises by sublimation in hexagonal rhotn- 
bohedra isomorphous with Sb and 'le; 
q-c= 1-1-4025.11 = 3-5. When As is sublimed 
in a rapid H stream in a glass tube the siibl-mnto 
nearest the heated part of the tube consists I 
chiefly of rhmnbohedra, that farther from the 
hottest part but still on a warm portion of the 
tube (210’-220=) of black amoi-phous As, while 
■the coolest part of the tube is filled with yellow 
fumes which condense to grey crystals 
.(Bettendorfl, A. 141,110). Black amorphous As 
is also obtained by condensing As vapour at a 
fairly high temperature; by decomposing As 
.compounds by heating in glass tubes to 


moderately high temperatures (e.g. AsHJ, or by 
heating with roduoing agents (e. 17 . As^Oj vrith 0 ); 
or by reduction of As compounde in the wet 
way (Engel, C. B. 96, 497). As can be obtained 
in regular ootahedra by healing a mixture of 
much H with a little AsH, (Cooke, Am. 8. [2] 
31, 91). Amorphous As is ohaiigcd to crystal¬ 
line by heating lor sonic time at 310° (Engel, 
G.B. 90, 1314); by heating to 358°-360'’ 
(Bettendorf!, A. 144,110). Amovplioiis Aswhen 
subjected to a pressure of 6500 atmospheres 
acquires metallic liistro and its S.G. increases 
(Spring, B. 10, 320). The vapmii- of As is citron- 
yellow (Be Koux, G. R. 51,171). Tlio spectrum 
of As shows linos in the orange (6169-5), yellow, 
and green (5331) (Thaleii, A. Vli. [4] l 8 , » 

also many more refrangible linos (u. Hartley, 2. 
1884. 124). As combines with Cl and 0 with 
production of heat; [As, C1']=»71,3'J0; 
rAs^ O'] = 154,070; fAs=, O', Aq] = 147,120; 
[AsS O'] = 219,380; [As', 0», Aq] = 225,380 

(Thomsen). As volatilises at a dark red heat 
without previous fusion at ordinary pressures. 
The molecule of As is tctratnmic (As,); the atom 
is trivalent in gaseous molecules (AsHj, AsCl.,, 
Ac.). The atomic weight has been determined 
(1) by analysing, and dctcriiiining V.D. of, 
various gaseous compounds, AsH^, AsClj, Aslj, 
As,Os, Ac.; (2) by determiiiing S.H. of As; 
( 3 ) by comparing isomorphous compounds of 
As Sb, and Bi, arsenates with phosphates and 
van.adates, Ac. (Wallace, P.M. [4] 18,279; 
Dumas, A. Gh. [3] 55, 174; Kessler, P. 95, 

As is insoluble in alcohol and ether, but is 
said to be dissolved by certain oils. It oxidises 
fairly rapidly in air at ordiiiiiry teinperalures; 
heated in air, it burns to AS|(.), witli a bluish 
flame; is oxidised by nitric and sulphuric acids, 
and by fusion witli alkalis. As forms two series 
of compounds, of which As,0„ and Aa^O„ are 
representatives. 

In many of its physical properties As 
is metallic, hut in its choniical relations it is 
decidedly iion-nictallio or negative. Exhibits 
allotropy; oxides are acid-forming (n. Ah.senic, 
oxiriKS of; also Ausknio, AOins of) at the same 
time As.O. appears to react with HOj to form a 
salt, ami with KH.CJl.O. to form a compound 
analogous with tartar emetic, and with cone. 
HCIAq to form AsCI, (n. Ausenious oxide, under 
A'nsKxic, oxiDF.s of). Arseniousacidisunknown, 
and an aqueous solution of the oxide behaves 
towards alkalis as a very feeble salt-forming 
compound; but arsenic acid is as strong an acid 
as pliosphoric, their relative affinities are nearly 
equal («. Affinity, p. 67). The haloid compounds 
ol As do not show any marked tendencies to form 
double salts. The hydride AsH, does not com¬ 
bine with acids, as NH, and riT, do; but at the 
same time compounds belonging to the form 
AsK.X, where it is an alcoholic radicle 
and X is a halogen or even OH, are kno™ 
(v A 11 BF.N 10 ooMi'ouNus, oiiOANio). For a fuller 
discussion, of the chemical relations of arsenic 
e. arts. Bismuth, ciikmicat. khlations of; and 
Nitrooen okoup or udemf.ntb. 

Beactims.—l. Hydrochloric ai^, no aotion 
in absence of air; in presence of air a httio AsOl, 
is formed.-2. Nitric acid and aqva regm rwot 
with production of much heatj oxidoB of N| 
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and H,A 80 |» are formed.—3. oono. 

fulvmric acid evolves SOj and forms As.Otf.— 
4. molten potash or so^foproMucea anarseniteand 
'H.— 6 . Molten nitre or potassium chlorate pro¬ 
duces potassium arsenate; the action is moro or 
less explosive.—C. Solution of sulphur dioxide 
reacts, when heated witli As in a closed tuho to 
200°, to produce As,0„, S, and H.SOiAq, but no 
sulphide of As (Gcittiier, J , 1801. I IIJ).—7. Am ^ 
monia solution is without action on As. 

Conbinations. —1. Witli nascent hydrotjen 
AsII, and AslI are formed (q. v.). —2. With 
chlorine, bromine, or iodine, AsCl,, AsTlr;,, or 
Asia {q. V.) is produced.—3. With Jliiorinc (action 
of HF on As,0„) Ash’^is formed ('/.i’.).—I. With 
oxygen As combines to form As,Ou(<^.iJ.); As.O^ 
{q'.v.)is produced by heatiiif? one of its liy- 
drates.—5. The sulpJiidcs As._,S. and As.S;, and 
As.^Siv {q. V.) are produced by iK'atinf^ to^^'otlier 
arsenic and sulphur; the snlplil'le AsoSJs, liow- 
ever, best obtained by dnconqxtsin'f solutions of 
alkaline siilpharsenates by acid. - 0. Tellurium 
combines with arsenic to form As./J’e.^aiid AsVre^, 
when the two elements are moUed toj'cllicr in 
the required proportions (Opponlieim, J. pr. 71, 
^206).—7. Wlien arsenic is melted with sulphur 
^ and sele.nion in the proportions represculed by 
the formuhe As.^SeS. and As^SSCm, two bodies 
having the compositions indieate<i are obtained. 
The first is a lustrous red semi-trans])arent 
mass from which the whole of the Sc separates 
out after some days. This body is easily soluble , 
(w'hen powdered) in NHJlSAq. The bodyAs^SSe^. ! 
is a crystalline opaque solid wliieh may be dis- j 
tilled iinelianged ; it is less easily soluble in I 
NII,HSAqthanAs„SGS.^(v.(ieriohf,cn,/?. 7,2:.')— ! 
8 . Arsenic ajipcars to bo iiica)>abl 6 of combining I 
w'ithfi/wwp^/rw.? directly [older experiments by | 
Landgrebe {S. bO, ItW) probably yielded only a : 
mixture of P and AsJ; but if AslI, is led into 
rCIa, or Pllg into AsCl,, a red-hrown solid is ob¬ 
tained (after drying it appears as a darker |)()\vdcr 
without lustre) which is insoluble in alcohol, 
2 tlier, and ClJClg, but fairly soluble in OS.. This 
solid is I’As ; it is changed by water into P , A.s^O., 
ivith whicli chlorine rr-aets to i>roduce AsCl, ami 
POCl;,. The compound PAs is rapidly oxidised 
)y concentrated HNOg, less rapidly by dilute 
dNO;,, giving II.,AsO., andH^PO,; solutions of 
coil, Nii,OH, or ]la(011).^,easily decompose PAs 
rapidly when warm) producing PH„ AsH^, 
IjPOj, IlgAsOs, and As. Heated in air PAs Imrus 
0 As-Pa and P^Og; heated in absence of air, or 
a CO^, Ijhosphorus sublimes and then arsenic, 
'he reactions of lVVs, 0 ^. are very similar to 
hose of PAs (i'. Janowsky, B. 6 , 210 ; 8,1030). — 

. Arsenic forms alloys with mai\y metals. Some 
f these arc produced by very strongly comiiress- 
uig the constituents (Spring, B. 10, 324). Tlie.so 
fcUoys are generally biittle, tliey are only par- 
Bally, in many cases not at all, sepamtod info 
Bcir constituents by tlio action of heat out of 
pntact with air; they arc generally oxidised to 
M’senates, and oxides of the metals, by fusion 
vith nitre; fused with alkaline carbonates and 
lulphur, thio-arseniteorthio-ursenateoitliealkali 
netal is generally produced, and the metals for- 
nerly alloyed with the arsenic are completely 
eparated as sulphides. Arsenides of heavy 
aetals are scarcely if at all attacked by nitric 
Old or aqua regia. Many alloys of arsenic are 


dednite oompounds; several of them occur 
native as minerals (u. Winkler, J.pr. 91,193; 
S 6 iiai'mont, A. Ch. 80, 221; Kammelsberg, P. 
128, 441). The alloys with cobalt, which are 
brittle and iron-grey in colour, are formed, with 
production of lieat, by meltiiig tho elements 
together. CoAs occurs native as SmaUine; it 
always contains more or less iron and nickel re¬ 
placing part of the arsenic. Co^AS;,, generally 
containing more or iron, also occurs native 
as Skuttcrudite, or Modumite. Arsenic alloys 
with copper to form white solids which tarnish 
in the air. According to Lipi)ert [J.pr, 81, 168) 
tho grey deposit obtainetl bylieating co})por in 
I an ilCl solution of arsenious oxide i.s Cu.ASj; 
when this body is heated in hydrogen Cu,.Aa re¬ 
mains. Tho compounds Cu,,A 8 , Cu„A^». and 
Cu„A 8 , occur native as Domrykife, Algodonite, 
and Darivinite, respectively. TJie alloys of 
arsenic and iron are brittle soli<ls formed by 
j molting tho elements together; PoAs.^ and FcjAsg 
occur native as Arsenical iron, sometimes con¬ 
taining Ag, Au, an<l Cu. Arsenic alloys with 
lead to form !)rittle solids. With nickel, arsenic 
' alloys easily; Ni.As is obtained by melting the 
elements together. Tlie minerals Copper-nickel 
Ni \s, and Cloan(hiteK\\.9:., occur native; they 
contain varying quantities of Sb, Fe, Pb, Co, and 
Oil. A lustrous crystallino alloy Ni^As^ is ob¬ 
tained by reducing arsenate of nickel by char¬ 
coal at a high temperature ; Ni;iAs is said to be 
formed when KCN, A.s, and Nit) are fused toge¬ 
ther (Descamps, 0. /?. HO, lOOo). Arsenic also 
alloys, with production of imicl» lieat, W'itli 
j)otasshiJn and sodium ; the jirodncts are de¬ 
composed by water with formation of KOH (or 
Na()fI)Aq, AsH„ and As. Au alloy of 1' parts 
tin and 1 part arsenic forma large leuf-like 
crystals. Arsenic is not much u.sed in ti^elinical 
ciiemistiy; tho alloy witli lead is employed in 
! making shot. Arsenic appears to form alloys 
I with several other metals, especially ITg (?) Pd 
j and Pt. By strongly compressing (6o00 atmos.) 
As with various metals, Spring {B. iU, 326) ob¬ 
tained several well-delined alloys, c.g. Zn^AS;,, 
CugA.s.j, Ac. Ac. 

I Delect ion.-In dry way. Arsenic heated 

with slight access of air volatilises with a garlic- 
like odour (probably duo to a litllo As, 0 ,j) and 
condenses on cooling as a lustrous black depo.sit, 

; which is easily converted into a white crystalline 
' suhlimato (As/)„) by Jieating in pii sence of 
plenty of air. yulpliides or oxides of arsenic, 

, and the sails of arsenious and arsenic acid, yield 
' sublimates of black ninorjdions arsenic when 
j heated with an alkaline carbonate alone or 
mixed with char'joat or KCN (r.Freseiiius, A. 49, 

I 801; Pose, P.00, P.M). Oxide of arsenic heated 
■ with much NaC.^H.,0.. in a tube closed at one end 
' yields cacodyl oxide, recognised by its foul smell. 
In wet way. 1. Arsenious compounds, 
(i.) Sulphuretted hydrogen passed into asolution 
of As.O,,, or an ar.senite, ncidilied with HCl, 
forms a bright yellow pp. of As.Sg, soluble in 
NH.OH, Nll.SH, and (NiI^),C()„'solution 8 , and 
reprecipitated by HCl. As.Sg is said to be 
soluble in a considerable quantity of boiling 
water and in boiling dilute IIGl (Odiing, Qw/s 
Hosp, itep, [3] 1, 239). (ii.) Neutral solution 
of silver nitrate produces a canary-yellow pp, of 
Ag,AsO, easily soluble in most acids and in 
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ammonift, (iiL) IfetUral BdUUion of 6ogp«r 9^ 
phate preoipitales green OuHAsO, (Soheele'i 
green) easily soluble in acids and in ammonia, 
(iv.) keinBch's test (/, pr. 24, 244). A warm so¬ 
lution of an arsenious compound acidified with 
HGl deposits a film of arsenic on a piece of 
bright copper kept in contact witli it for some 
time; this deposit may be oxidised to As,0, by 
heating in air {v. supra). The deposit consists 
of. As^Ouj according to Lippert {J. pr. 81,108). 
Arsenic compounds may bo detected bylleinsch’s 
test, if present in considerable quantity (Wertlior, 
J.pr. 82, 280), even in small quantity if heated 
for some time with HCl (Beinsch, N. J. P. 10, 
136); the IICl used must not be weaker than 
S.G. 1-1 (BettendorfI, Z. [2] 6, 492). According 
to J. M. Scherer {Fr. 3, 200) the delicacies of the 
wet tests are as follows; AgNO, detects — 

part of As, CuSO. detects part, H..S 

detects . part, and Kcinsch’s tost detects 
610,000 

part, or after boiling for i- hour — ’ 

130,000 ^ * o * 3;,0.mt0 

part of As. (v.) Marshes test. When hydrogen 
is evolved in contact with an acidified solution 
of an arsenious compound, whether by the 
action of zinc (Marsh, 191; 20, 190; 

22,176), magnesium (Boussin, J. 18(»G. 801), or 
the electric current (Bloxam, C. J. 13, 14), 
arsenic trihydrido is evolved; arsenic may be 
separated by passing the gas through a glass 
tube heated at one part, or by burning the gas 
in a limited supply of air and presenting a cold 
surface of porcelain, or thick platinum (Davy, J. 
1858. 009), on which the arsenic condenses. 
The deposit of arsenic is easily soluble in 
HNO 3 , S.G. 1*2 to 1'3; the solution contains 
arsenious acid (which on boiling for some time i 
is changed to arsenic acid), it gives the cha- ! 
ractcristic yellow pp. of Ag;,As(), (r. siiyra) ; the j 
deposit of arsenic is also easily soluble in ! 
aqueous NaClO free from Cl; if the deposit is \ 
warmed in dry H.S yellow As.jB;, is produced j 
which is not changed when warmed in a 
current of dry IICI gas. Arsenious hydride 
passed into aqueous AgNOg precipitates Ag, but 
the whole of tlie As remains in solution along , 
with IINOj formed in the reaction, and may bo : 
detected by filtering and carefully neutralising ' 
the filtrate with dilute ammonia, when yellow i 
AgjAsOj is produced. [SbIIapreci])itatos Ag from 
AgNOj but the whole of the Sb is at the same 
time thrown down; the deposit of Sb obtained 
by heating^, or burning, Bhllj is insoluble in 
NaClO solution free from Cl, and is much less 
soluble than As in HNOsAq of 8.G. 1-2 to 1*3; 
moreover, the solution in HNOjAq gives no 
reaction with AgNOsAq and ammonia. The 
reactions of the twogases towjirds AgNO^solution 
affords a means for separating them (Uussun, 
C. il. 83, 199).] The electrolytic method of 
preparing AsH, has the advantages (a) of 
avoiding the use of zinc which generally contains 
arsenic; ( 6 ) of not interfering with the sub¬ 
sequent testing for other metals; (e) of allowing 
the separation of antimony if present—this is 
done by adding a little H-^S to the liquid, whereby 
A 8 ,S, and are formed; the former is easily, 
the latter not at all, decomposed by the current 
(Bloxam, C. J. 13, 14, 338). The presence of 
BNO, prevents the formation of AsHf (Blondlot, 


1838. 681). (ti.) SitUndorf e M 
8 , 492 ). SieiTmotisehhridoinfu^ngBChBddeQ 
to a solution of ±9 fit or As^O^ in the same add, 
precipitates metallio As mixed with a little SnO^. 
This test is said to be extremely delicate; it 
may be used to detect As in presence of Sb, also 
to remove AsfromHClAq (t;. also Hager, J.1870. 
906). II. Arsenic compounds, (i.) Neutral 
silver nitrate precipitates rod-brown Ag 3 As 04 
soluble in NH,OHAq and in HNOjAq, but less 
soluble in HNO^Aq than AgaAsO,, so that if 
AgNOa is mixed with a solution of an arsenite 
and an arsenate in HNOgAq, and NH,OHAq ia 
then added drop by drop, Ag 3 As 04 is precipitated 
before AgjAsOa; a solution of arsenic acid in 
nitric acid is precipitated by AgNO^ if a few 
drops of a concentrated solution of an alkaline 
i acetate are added (Avery, Am. S. [2] 47, 25). 

! (ii.) Neutral copper sulphate precipitates bluisa 
green OuHAsO, soluble in HNOjAq and in 
NHjOHAq. (iii.) An alkaline solution of mag- 
nesium sulphate, containing enough NII 4 CI to- 
prevent precipitation of magnesia, precipitates 
white Mg(NH,)AsO,; delicacy 1 part of As in 
50,000 (Lovol, B. J. 28, 130) {cf. Fjslimation of 
\ ^ricnic). (iv.) Ammonium molybdate, mos.cr'sn 
I precipitates bright yellow arseno-molybdate of 
! ammonium from warm (not cold) solutions of 
I arsenates containing HNO 3 . (v*) Sulphuretted 
; hydrogen slowlyrcducesarsenic to arsenious acid 
; and then (in presence of HCl) precipitates yellow 
I AsjSj mixed with S. (vi) Marsh's test. Arsenic 
, compounds in solution arc reducc<l to AsIIj by 
I hydrogen evolved in contact with tho solution ; 

‘ tho reduction takes placo under the same con¬ 
ditions as, but more slowly than, tho reduction 
of arsenious compounds (y. supra). 

Arsenic may bo reduced to arsenious com- 
pound.s by such deoxidising agents as sulphurous 
or i)hosphorous acid; the reverse change may be 
aeconjplished by heating with Il^’OaAq, HClAq 
and KC10;„ &o. 

Detection in cases of poisotiing. —Arsenious 
oxide or white arsenic is the usual form in 
which tho poison is administered. Because of 
tho insolubility of this coiapoiiiid, small solid 
particles of it may sometimes bo picked out of 
the food or contents of tho intestine; these 
should be tested by reduction to metallic arsenic, 
&c., in the dry way. The poison is, however, 
usually mixed with large quantities of organic 
matter which must bo removed or destroyed, 
after which tho arsenic may be ppd. as As^S, 
by long-continued passage of H..S, tho pp. may 
then bo dissolved in warm HClAq with a crys¬ 
tal of KCIO 3 , free chlorine removed by warming, 
or the pp. may bo dissolved in warm HjSO^Aq, 
and lleinsch’s, or better Marsh’s, test used for de¬ 
tecting the arsenic in solution. The organic . 
matter may be removed by diffusion (Graham); I 
or it may be destroyed by (a) treatment with warm 
concentrated H 2 S 04 Aq, (b) warming with HClAq 
and crystals of KCIO, added from time to time, 

I (c) warming with HClAq and a little HNOjAq, 

' {d) passing Cl into the liquid instead of adding 
KCIOj, (c) heating with HNOgAq till the residue 
i is semi-pasty and yellow, adding NaOHAq till 
the acid is neutralised, mixing with powdered 
I Na^COj and a little NaNO„ drying in a crucible 
I and gradually heating until the mass fuBOff! 

I (Wdhler; v. also Meyer, A* 66 , 237). All re-j 
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Agents used must be oareAilly freed from arsenic; 
A blank experiment should be conducted with the 
reagents alone.' (Buiz a. Schulz dnd that cer¬ 
tain parts of the animal organism reduce As^Oj 
and also oxidise AstO^; they think that the 
poisonous effects of As^Og arc due to rapid de¬ 
oxidation and reoxidation, v. D. 12, 2129; 14, 
2400; 15,1388.) 

Ustimation.-^l, Qravimetric methods. 
(i.) As magnesium-ammonium arsenate. 
Solution of MgSO, is mixed with excess of 
NH^OHAq and allowed to stand for 12 hours; 
this liquid is added to the solution containing 
arsenic acid to which an excess of NH.OHAq 
has previously been added. After some time 
^,the pp. is collected on a weighed filter, waslied 
liwith ammonia-water, and either {a) dried in 
woctm over when it has the composition 

^g.NH^.As 04 .'GH.O, or ( 6 ) dried at 100 *^ to 110 '^ 
jrhoreby 2 (Mg.NIl 4 .As 0 ,}Il ,0 is produced, or (c) 
jjfrongly licatedover a Bunsen lamp (tempera- 
‘ J being gradually raised) whereby Mg„As.O, 
^formed. Method c is recommended by i’uller 
||r. 10, 41), who states that Iho best means of 
(Verting As-Bj into arsenic acid is treatment 
red fuming UNO, (v. also Rammels- 
B. 7, 544; Wood, Am. 8. [.3J 0, 3(i8; 

. civor, Q.N. 32, 283).-{ii.) As arsenious 
Alphidc. Arsenates are reduced to arsonites 
^ SO.j solution ; the arsenious solution is ucidi- 
with IIClAq, and AsB^ is ppd. by long-con- 
nued passage of H._,S; the pp. is washed svith j 
to remove any S which it may contain, I 
toUected on a weighed filter, and dried at I 
^®-110° (Puller, h'r. 10, 41). — (ili.) As 
Iranyl pyroarsenate. Uranic acetate in! 
^seiice of ammouium salts pps. ammoni\im- 
lanyl arsenate Nif,.UOa.AsO,-i-Aq, insoluble 
i water and acetic acid*, but soluble in miiienvl 
»ids. Wlicn this pp. is waslied, dried, and 
■adually heated to bright redness, the pyro- 
senate (UO.J^As.O, is obtained. This method 
rocomiiiended by Puller {l.c.) ; As.B, may 
dissolved in lIClAq i KCIO,, and the As ppd. 
fter adding NHj.C.IIyO.. and U.C^ITyO^aq. 

II. Volumetric methods. — (i.) By 
odine. Avseuious, is converted into arsenic, 
cid, by iodine in presence of alkali; a solution 
E NaHCO;, saturated in the cold and used in 
excess is the best alkali (Waitz, Fr. 10, 158).— 
(ii.) By potassium dichromate. Avsenites 
are converted into arsenates by the action of 
K-jCr^OyAq in acid solutions; the residual 
JCCr^O; is determined by a solution of FoBO,; 

( xceas of HCl should bo avoided (Kessler, Fr. 
0, 205).—(iii.) By potassium permanga- 
late. Arsenites are oxidised to arsenat «?3 by 
^n-, 0 ,.A<J in solutions containing ILSO,; an 
j^nss of K,Mn.Ua Is a<lded, and the residual 
dnUj is determined by FeSO^ solution 
laitz, I.C.). 

^inuto atteutlou to detailed prccjiutions must be ol 
fcd In tCBttug for arsenic in poisoning cases. Tlios 
•I will be found In the following memoira an 
m:—M arsh, 1). J. 17, lai; I'O, 19U; 22, 175; Re» 
d. Ch. [3] 2, IG'J; I'’rcscnlu3 a. v. Bubo, J?49, 287 
A. 69, 364; Sohneidor, P. 86, 433 ; Pyfe, P, A 
Zonger, Fr. I, 321; Wohler, a. r. Siebold, A 
_ ,er<cA/. Ver/ah nn bei <itu>r A rtenU- Verg^img (1817) 
b^.AtimUtelunf/ der Gifte [Englished On PoUons] 
aeudorff, Die gerieMkh-chrmise^ ErmWelung der Oif< 
88); Dados, Pr&futu} ehm. Oi/ie (1807); Taylor 
Util Juri^ntdenu \ xaylor On Pakom. 
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Be/dreneoA.—Besides the papers referred to 
In the article, the following older memoirs on 
arsenic and its com|K>ands may be consulted:— 
Scheele, Opus. 2, 28; Bergmann, Opus. 2, 272; 
Buchholz, 8. 15, 537; Laugier, A. Ch. 85, 26 \ 
Fischer, S. 6 , 236; 12,155; 39, 304; Thomson, 
8. 17, 422 ; 29, 430; Berzelius, A- Ch. [2] 6 , 
179; 11, 225; 8 . 34, 46; P. 7,1, 137; Gehlen, 
8. 15, 601; Gay Lussac, A. Ch. [2J 3, 136; 
Pfaff, 8. 45,95; Buchner, S. 45,419; Soubeiran, 
P. 19, 991; Mitscherlich, A. Ch. [2J 19. 

Arsenic acid and Arsenates v. Arsenio, 
Acins OP. 

Arsenic, acids of.—(In connection witli these 
compounds v. arts. Aoius; Acids, Basicity op ; 
Hydroxides.) Arsenious oxide, A8,0,i, dissolves 
in alkalis, forming salts from which other arse- 
iiitcs may be obtained ; no hydrate of As^O,, is, 
however, known. The heat of solution of the 
oxide is negative; [As‘0", Aq]=—15,100. Ar¬ 
senic oxide, As^Os, dissolves in water with for¬ 
mation of the hydrate H.AsO,, which erystal- 
l ises from concentrated sol utions as 211., AsO ,.11.^0; 
these crystals heated to 100® lose water, and 
arsenic acid, H 3 A 8 O 4 , remains. By the action 
of heat on this acid, two other acids are pro¬ 
duced, viz. at 140°-180’ pyroarsenic acid 
TI,As.O„ and at 200® metarsenic acid HASO 3 ; 
these acids dissolve in water with reproduction 
of HyAsO^. Each arsenic acid yields a series of 
salts; the arsenates (or ortho-arsenates), divisible 
into three classes of the formsHH^AsO^, M.H AsO „ 
aiid MyAsO,; the p^yroarsemitcs M^As^O, ; and 
the iiudarsenatcs MAsOj. The pyro~ and met- 
arsenates have not been much investigated, 
tlicy appear to exist only as solids and to yield, 
arsenates when brought into contact with water, 
Thomsen’s thermal examination of the behaviour 
of aqueous solutions of the two oxides of arsenio 
towards soda shows that these sohillons differ 
much as regards reactions and hence also as 
regards composition. In eacli case the thermal 
behaviour of the oxide of arsenic is compared 
with that of the corresponding oxide of phos¬ 
phorus (the formula As.O, is used as being 
directly comparable with IhO,). 

X [As-O’Aq, icNaOIlAq] Biff. [P='0*Aq, aiNaOHAq]., 


1 

7,300 

_ — 

»-. 

11,800 



0,.500 

13,700 


2 

13,800 



28,.700 



1,200 

400 


3 

15,000 



28,000 



GOO 




6 15,600 •— 

X [AS'OUq, a-NaOHAq] Diff. [P-0'Aq,arNaOHAq L 

1 14.800 _._ 1.5,000 

12,.300 12,600 

2 27,100 27,600 

6,900 8,400 

5 34,000 36,000 

1,300 1,400 

6 35,300 37,400 

The mean thermal value of the reaction which 
occurs when one formula-weight of soda is 
added to an acid is 13,500; tliis value is 


reached when 2NaOHA<i is added to As.PaAq, 
but a little more heat is produced when u third 
formula-weight of soda is added. The values 
when baryta solution is used are [As-O’Aq, 
BaOAq] » 14,000; [As-O^Aq, 2BaOAq3 ® 15,600. 
It seems probable that the soda reacts with 


X 







mUx aQft ftraeoioos not Mth arsoniotur 
told, to produce an arsenite NaAsOyHAtOg, 
analogous U> potassium arsenite, and that 
addition of more soda changes this either into 
the normal, or some other, arsenite. 

I. Absekious acid and Ausknites (Pasteur, 
J. 68, 308; Filhol, A. 08, 308; Kiihn, .4r. Ph. 
[?l 69, 267; Streng, A. 129, 238; Stein, A. 74, 
218; Reynoso, C. i2. 31, 68; Girard, C. iJ. 34, 
018; 36, 973; Bloxam, C. J. 15, 281). No 
arscnious acid has been obtained in separate 
form; but an aqueous solution of the oxide 
AS4O,, reacts with bases to form unstable salts 
the compositions of which may be well repre¬ 
sented by regarding them as derived from one 
or other of the three hypothetical arsenious 
acids, H,AsO,(-As(OH),), HAsO,( = AsO.OH), 
H,A8aOr(*As.G(OH)4). The arsenitesas a class 
ore very easily decomposed; the ammonium 
salt gives off ammonia at ordinary temperatures 
and pressures, its aqueous solution yields pure 
As^OtfOn evaporation; the potassium and sodium 
salts are decomposed in solution by carbon 
dioxide with separation of As,0,.. CaO, J3ii(), and 
SrO, dissolve when boiled with water and As,0„, 
addition of lime- baryta- or stroiitia-water pre¬ 
cipitates arsenites insoluble in water, hut sola- I 
ble in acids and in ammonia. Solutions of - 
arsenites of metals which form sulphides soluble 
in water are decomposed by H^S with precipita¬ 
tion of As^Sj; if tlio metal of the arsenite forms a 
eulphide insolul)Ie in water tlnm If^S preciidtatcs | 
this sulphide along with As^S.,. RIany arsenites 
are not, however, decomposed by metals even 
when the oxide of the mctnl of tlie arsenite is 
insoluble in potash. Insoluble arsenites are 
obtained by adding a soluble salt of the metal 
to a solution of K or Na arsenite. All arsenites, 
with the exception of those of the alkali metals, 
aro partially or wholly insoluble in water; wlien 
tfoimed they usually retain some arsenious oxide, 
eo that it is dilUcult, and sometimes impossible, 
to obtain detinite compounds of fixed composi¬ 
tion. Most arsenites arc decomposed by heat 
with formation of an arsenate and arsenic; 
licatod with carl)on, or witlj carbon and borax, 
the whole of tlio arsenic is usually separated in 
the metallic state. Heated with ammonium 
chloride, most arsenites yield AsCl, and chloride 
of the metal of the arsenite. Solutions of the 
alkaline arsenites exposed to the air absorb 
oxygen and produce arsenates (Fresenius, J. 
1665. 382). 

Arseni tes. Anunonium arsenites NH4.AsOa 
(Fasteur, Bloxam); (Nn4)4A8gOj (Stein). By dis¬ 
solving As^O,, in cone, aqueous NH,; white 
lustrous prisms, very soluble in water. 

Barium amni/csBa(A 80 ^)..,; white gelatinous 
pp. by adding BaCI^Aq to I^s 0 .^q (Filhol). 
lJaH4(A80,)2; by mixing BaCL^Aq with As^O^Aq 
and NHgAq (Bloxam). Ba2A8^0y4H20; by dis¬ 
solving AS4O,, in BaOAq (Stein). 

Calcium arsenites* Solutions of the vaiious 
'potassium arsenites mixed with CaC^Aq yield 
ppe. of varying composition (Filhol, Stoin). A 
boiling solution of As^O, added to CaOAq pre¬ 
cipitates Ca3(AsOa)3 (EiUin). CaClgAq mixed with 
and NHjAq precipitates Ca(A80g)2 
(Simon, P.40,417). ASiO^qwith oxcessofCaOAq 
precipitates CaASgO^ (Stein). 

MaU arsenite* COiHf(A80g)^.Ri0; rose-red ! 


m proaooea 07 reaction of KAsO^Aq willii 
u6Cn^ in preBende of KH401Aq. 

Copj^r ars^tes, OuSO^Aq+KAsOgAq, (W 
aramoniaoal CuSOiAq + As^O^Aq, yields a light 
green pp. (Scheele’s green) of CuHAsO,; soluble 
in NHjAq with formation of HjAsO^ and CUjO; 
soluble in KOHAq with formation of K,As04, 
and Cu.O, which precipitates; when heated, 
CuIIAsOj evolves As and H..O, and a mixture of 
CuO and copper arsenide remains. By digesting 
CuCOj with H.O and As^O,, and evaporating the 
solution, a yellow-green salt, probably Cu(AB03)g, 
is produced. 

Iron arsenites. Ferrous arsenite Fo^ASgOj 
is a greenish-wliite pp., soluble in NHaAq, ob¬ 
tained by mixing FeSO,Aq with As^O^Aq and a 
little NHgAq. Various ferric arsenites appear 
to exist. Freshly precipitated Fo.{OII)« digested 
with cone. As,0,iAq containing not more than 

as much As^O^ as there is Fe3(OH),i, completely 
converts all the As,Oj. into an insoluble salt 
(Bunsen); with less Fc,^(OH),j the whole of the 
A 8 , 0 „ is not removed from solution, a basic salt, 
FeAsOa.Fe.G;,, is produced from wliich water 
! removes some ASjO,;. A basic salt (rusty-red, 

I hard, soluble in NaOIIA(j),2I''eAs()3.Fo.03.7H30, 
is produced (<t) by adding k’e^.SSOiAq or Fc^CIbAc 
to KAsO.Aq, (6) by oxidising FoSf^^Aq by aqxu^ 
regia, neutralising by NH^Acj, adding a sati’*- 
rated solution of As,Ob in NuOHAq, and allow¬ 
ing to stand for twelve hours. Another silt, 
2FeA80a.Fe./),,. 511 . 0 , is obtained, as an ochri- 
yellow 2)p. drying to a brown mass, on mixin|; 
As,(),iAq or KAsO.Aq with Fe._,(CJI., 0 .)(iAq; water 
withdraws j):iit of the acid from this salt; it is 
decomposed by heat, losing all its arsenious 
acid (Simon); only a part of its acid (Bunsen; t>. 
also Grimaux, J3l. [ 2 J 42 , 211 ). 

Lend arsenites. rb’(As()2)2 is a white pp. 
(Filliol), molting to a yellow glass (Berzelius), 
obtained by adding KAsO^Aq to rb(C.Tl302)jAq. 
Otlicr salts arc known: P*b2A820(?) by precipita¬ 
ting Pb(0.,H30.).Aq by As,OeAq and N^Aq 
(Filhol, Bloxam); Pb;,(AsO,,)., by precipitating 
rb(0.J{30o)2Aq by {a) boiling ASjO^Aq (Kiihn, 
Bloxam), or (6) A3 ,Ob in Nn()HAq (Streng, A. 
129, 2 . 38 ). 

Magnesuim arsenites. A solution of As^O^in 
excess of NllaAq mixed with MgSO,Aq with' 
NIT,ClAq gives a pp. whichisMg,(As03)2 (l^teic)i 
MgHAsOs.ILO (Bloxam); heated to above 250 *^ 
^Mg^As^O, remains. Other salts ap2>ear to cxistj 
but their com^tosition is vague and uncertain 
{v. Filhol, Ic.). 1 

Manganese arsenite. Mn3Ha(AsOa)4.2H20 ii 
a light rosG-red pp. obtained by adding 

NH^AsOjAq to MnSOjAq. J 

Mercury arsenites. Composition undeoideK 
Hg^NOjAq mixed with As.O^Aq gives a whil' 
pp. soluble in KAsO-^Aq ; if excess of KOH ^ 
present* Hg is precipitated. An arsenite of me 
cury seems to be formed by mixing HgNOj^A 
with KAsOjAq, or by digesting As404Ak* 
with Hg. V' 

Nickel arsenite. Ni3H(.(As08)4H20 is o^« 
tained as a greenish-white pp. on adding KAsOaAA 
to NiCl2Aq containing much NH^Cl; heated is 
air, this salt loses H.^ 0 , then A34O,, and yoUoW 
infusible Ni2(As04)2 remains. ^ 

Potassium arsenites. The acid salt j: 
EAsO2.HABO2.H2O is produced by adding alool^ 
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ko ft s<^ai^ 6tmaoli As^O^ laKOHA^ ^aatear, 
Bloxam). By digesting this salt with K^dOjAq 
the neutral salt KAsO, is produced (Pasteur, 
Filhol); by treating this with KOHAq and pre* 
oipitating by alcohol the salt KiAs^O^ is formed 
(Bloxam). Two double salts, KAsOa.IIAaO..AaOI 
and K5 jHj;. 3 As., 0^.2KI are described by Emmet 
{Am. 8. [2j 18, 583), and Harms (A. 91, 371), 
obtained by adding KIAq to As^O^Aq, or KlAq 
to KAsO^Aq containing so much ITC^jHaO. lliat 
no brown colour is produced with turmeric 
paper. 

Silver arsenites. Ag^AsOs, a yellow pp. ob» 
tained by adding A3,0,iAq nonlraliscd by NH^Aq 
to AgNO;,.\q (Kitlin, Filliol, Bloxam); soluble in 
HNOj, NII.,Aq, and solutions of ammo¬ 

nium salts, also in KOIIAq; solutions ave not 
precipitated by ICClAq, but dissolve freshly pre¬ 
pared AgCI. Heated alone or with alkalis it 
IS decomposed; 

4Ag3As03- Ag,0 + 2Ag -i- 2Ag.,AsO, + As^Oj 
(Wohler, A. 101, 363). Other silver arsenites 
are described by Harms {l.c.). 

Sodium arsenifes. None obtained pure; 
seem to bo all very soluble in water (Pasteur, i 
Filhol, Bloxam). ! 

Strontium arsenitc. Sr(AsO;,)._j.4ir.O. By ; 
mixing SrCLAq with KAsO^Aq and allowing to 
deposit crystals slowly (Stein). 

Tin arsenites. Scarcely known; both stan¬ 
nous and stannic arsenites seem to exist. 

31. AksenicACID and Ausenates. (Sotterberg, 
B. J. 26, 206 j Baumann, ylr. Pk. .36, .36 ; Kod- 
Bchonbey, J. pr. 49, 182; Field, C. J. 11, 6; 
Uelsmann, ^ieits. f. d. gcs. Naiuriciss. 23, 317; 
SchiiT, A. 112, 88; Maumen6, C. It. 58, 250; 
Debray, A. Ck. [3J Gl, 419, also 0. H. 59, 40; 
Leoharticr, C. li. 6.5, 17^; Salkowski, J.pr. 104, 
129). The conditions of formation of the throe 
arsenic acids, II.,AsO„HAsO;„ and H^As/); luivo 
been already described (p. 305). The following 
thermal data arc given by Thomsen {Th. 2, 230) 
fAs, 0*, H'*] - 215,630; [As. 0‘, H®, Aq] =• 216,230; 
[As’O', 3H-OJ = 6,800; [AsO^l®, Aq]* 
-400; [As^O^H^J =*360,830;[As‘0’‘, Aji] = 6,000; 
[AsW 00 = 64,710; [As-O’Aq, 0^ = 78,260. 
The following heats of neutralisation are also 
given by Thomsen {Th. 1,196): 

n[NaOHAq, nHAsOAq]; 

6,233 
11,972 
2 13,790 

1 14,994 

2 14,724 

n [wNaOHAq, H®AsO*Aq], 

i 7,362 

1 14,994 Wff. 

12,686 

5 27,580 

7,330 

d 35,916 

1,484 

6 37,400 

The acid H3ASO4 is therefore tribasift; but as 
the reaction of the third formula-weight of soda 
is accompanied by the production of not much ; 
Store than half the quantity of licat which 
ftOopmpameB the reaction of the first or second 
tormma'Weight, it is probable that tiiis acid 
boloogs to the same otaas of tribasic acids as 


phosphoric acld^ which class Is represented ^ 
Thomsen by the typical formula Hfi(OH)9H 
(v. Acids, SAsicn? of). The relative affinity of 
arsenic acid (v. Affinity) is 21 (that of HNOi^ 

! 100) which IS a little less than the value for 
pliosphoric acid. 

The acid HsA804 forms translucent crystals; 
the acid II.,AS;.0, clear Ingfrous crystals; and 
the meta-acid HAsO., a white somewhat irides¬ 
cent solid; the ortho-acid di.ssolvcs in water with 
disappearance of heat {v. supra), tlio other acids 
dissolve with production of heat and formation 
of the ortho-acid; [H’A3®0’,Aq] = 1,300 (Thom* 
sen, B. 7, 1003). 

Tim following facts refer to tho ortho-acid 
H,AsO,. 

Ponnation.-^By action of HNO;,Aq on As or 

Preparation .—Arsenious oxide is suspended in 
watcrandchlorineispasscdin; the solution is eva¬ 
porated to dryness in a platinum dish, tho tempe¬ 
rature not being allowed to rise inucli above 100®; 
the residue is dissolved in walor and evaporated 
slowly at 100®; after a time small needle-shaped 
crystals of H^AsO^ separate out (E. Kopp, J.pr, 
69, 270). 

Properties .—Action of heat already described 
(v. p. 305). Aqueous solution tastes sour and 
metallic; it burns the skin. Tho most concen¬ 
trated solution has S.G. 2*5; the following table 
gives some data regarding S.G. of aqueous 
solutions (SchitT, A. 113, 183). 


.G. at 16° 1-7310 

Petge. of n.AsO. 67*4 

„ l-3;)73 


15-0 

„ 1-2350 

M 

30-0 

„ 1-1000 

H 

22-5 

„ 1-1052 

t» 

15-0 

„ 1-0195 


7-5 

Bcaciions. —1. Heated with 

carbon, many 


metals, or potassium cyanide, \ijio\yh arsenic.— 
2. Heated with cone, hydrochloric acid AsCli 
and Cl are produced; if the S.G. of the aqueous 
HCl used is less than 1*04 no AsCl, is produced 
(Fresenius and Souchay, Fr. 1, 448); with acid 
of S.G. 1*1 traces of AsCla are formed (Mayrhofer, 
A. 153,326).—3. Sulijhurous acid prodimeaMse* 
nious oxide and sulphuric acid (Wuhlor, A. 30, 
224).—4. ^inc and iron dissolve in aqueous 
HjAsO^ with evolution of H and AsIIa and pro¬ 
duction of gelatinous solids (7 arsenates of ^nor 
Fe); in presence of HaSO*, these metals pre¬ 
cipitate As, and evolve H and AsHa.—5. SuU 
phydric acid (H^S) reduces HaAsO^ in solution 
to As^Og, with precipitation of S? ftad then 
throws down As.S,; this reaction takes place 
slowly at 10®-15®, but more rapidly at 60®-70®. 
6. Sodium thiosidohate solution, in presence of 
HCl, produces a pp. of AsgSj {q. v.).—7. Tuny- 
states of potassium, ammonium, and silver when 
evaporated with KH^sO^ solution yield complex 
compounds, viz., 6WOj.As.O5.3K2O.8HaO; 
6 WOj.A 8205.4(NH4)20.5H20; and 
16WO,.ABjO5.0Ag2O.llIIjO (Gibbs, P. Am. A» 
15,1; 1C, 109; v. also Dcbray, 0. It. 78, 1408; 
and Seyberth, B. 7; also Sormenschein, Jpr, 
58, 339, 391). Derivatives of arsenic acid in 
wliich OH is replaced by Cl, or Br, or I, are 
not known. 

Aisenates. Arsenates areUomotphouBwith 
corresponding phosphates, The arsenates ot the 
I alkali metals, and the acid arsenates ot the 
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alkaline earth metals, are golnble in water $ they 
lose all their arsenio as chloride by strongly 
beating with sal-ammoniao (Bose, P. 116, 453). 
The neutral and basic arsenates are easily solu* 
ble in mineral acids, including arsenic acid. 
Bebray (Ic.) describes a series of amorphous 
arsenates, MH.AsO^.H.O, obtained by precipi¬ 
tating alkaline arsenates by salts of the metals 
M ; these arsenates become crystalline, accord¬ 
ing to Dobray, by long-continued digestion with 
the liquids in which they aro produced. By 
fusing chlorides and fluorides with arsenates, 
Lechartier (Lc.) obtained a series of crystalline 
salts analogous in composition to Wagnerite and 
Apatite; thus: 

Corresponding to Wag7ierite [(PO 4 .ir.Mg 2 )]. 
AsO^.Cl.Ca^ 

A804.CI{F).Mg2 

AsO^.Cl.Mg, 

AsO 4 .CI.Mn 2 

Corresponding to Apatite [(P 04 )j.Cl(F).Ca 5 ]. 
(AB 04 )<,.Cl.Ca 5 (As 04 ) 2 .Cl.Sr 4 

(AsO,)2.Cl(F).Ca4 (A804)3.Cl.Ba,. 

(A804)3.Cl.Pb4 

Debray also obtained the following crystallised 
insoluble arsenates by digesting arsenio acid 
solution with carbonates of the various metals! 
2 A 804 CaH.H, 0 ; AsO.CuH; 2As0,CuH.3n,0; 
(Aa 04 ) 2 Cu 3 . 4 H 20 ; and AsO,Cu.{CuOH). Arse¬ 
nates are usually prepared by adding 
NajHAsO^Aq to solutions of salts of the various 
metals, using the calculated masses of the re¬ 
acting bodies. 

Alwnmiwn arsenate. White pp. by adding 
a soluble arsenate to a solution of an A1 salt. 

Ammonium arsenates. (NIi,)j.H.AsO.,; by 
adding NH,Aqto cone. IIjAsO,, until the pp. which 
forms is dissolved (Salkowski). (NHJ 3 AsO 4 . 3 H. 2 O; 
hy adding considerable excess of NH.,Aq to 
HsAsOjAq. NHjr,AsO,; by adding one for¬ 
mula-weight IIjAsb. to one formula-weight 
(NHJ. 2 HASO,,. 

Bariwn arsenates. BallAsO,; crystalline, 
obtained by adding NaJIAsOjAq to BaCl.Aq, 
Ba,2AsO,; crystalline, obtained by adding 
V:i^BO,Aq to BaCl.Aq; acted on by water 
it forms tho salt BailAsO, (Field). The salt 
BaH 4 (AsO ,).2 is obtained by dissolving BaHAs 04 
in warm H,AsO,A(j and allowing to crystallise 
(Setterberg). Two barium-ammonium arsenates 
2 Ba.NH,.As 04 . 1 l. 20 , and BaH^NHJ^iAsOJj are 
described (Baumann, Mitscherlich). 

Bismuth, arsenate. 2 BiAs 0 ,.H 20 ; yellow¬ 
ish white pp. insoluble in water and HNO.,Aq, 
soluble in IlClAq ; insoluble in a cone, solution of 
BiSNOj containing a little free acid (Schneider, 
J.pr. [2] 20, 418). 

Cadmium arsenates. White crystalline pps. 
obtained by precipitating solution of Cd salts by 
Na.iIAs 04 Aq ; two are known, Cd 3 (AB 04 ) 2 . 3 H.p 
and Cdj,Il 2 (As 04 ) 4 . 4 H ,0 (Salkowski). 

Calcium arsenates. Ca.II.AsO 4 ; prepared like 
BanAs 04 ; occurs native as Phannacolik. By 
treatment with NH^Aq this salt yields Ca.,(AsO )4 
(Koischonboy). Two calcium-ammonium ar¬ 
senates are described, CaH. 2 (NH 4 ). 2 (AsOj 2 and 
CaNH.,.As 04.0 or THD (Baumann, Kotsciionbey; 
also Bloxom, C. N. 54,163). The salt CayAsoO^ 
is obtained bystrongly heatingGa.NH 4 .AsO 4 . 7 H 2 O 
(Blozam). 


Omum arsenate. 0 e.HAB 04 ; Insolable in 
water, soluble in excess of HsAsOiAq. 

Cobalt arsenates. C 0 HASO 4 is unknown ; 
CoH 4 (As 04)3 obtained by evaporating in vacuo 
solutionof OoO.H,{Oinoxces 3 of II;,AB 04 Aq. Cobol-^ 
tio arsenate, Co 32 A 80 , 8 H 20 (Karston, P.60,266)’ 
is areddish powder obtained by precipitating tho 
solution of a Oo salt by NajAsO.Aq; occurs 
nativo as Cobalt-bloom. An impure basic arsen¬ 
ate of oobalt is known in commerce as CJiaux 
viAtallique. 

Copper arsenates. CUaH 2 (AsO,),. 2 H..O; ob¬ 
tained as a blue pp. by adding (NHJ. 2 HAs 04 Aq 
to CuS 04 Aq and drying at 130° (Salkowski). 
CU:,(As 04 ).; is a green powder obtained by pre¬ 
cipitating CuS 04 Aq with Na^IIAsO^Aq; this 
salt dissolves in NH^Aq, and on long 
standing, clear blue crystals having the 
composition ((NH;,) 2 Cu] 3 (As 04)2 separate out 
(T)amour, B. J. 26,247 ; and 27,181). Various 
basio arsenates of copper occur native as 
minerals {v. Coloriano, Bl. [ 2 ] 45, 707). 

Chromium arsenates. Chromic arsenate is 
a green pp. obtained by mixing solutions of a 
chromic salt and K 3 ASO 4 ; composition uncertain. 
By mixing solutions of K^CrO, and H 3 ASO 4 
ychweizor {J.pr. 39, 267) obtained a gelatinous 
pp. having the composition (dried at 100 ®) 
(Cr0)3As04.K2H(As04)2.4n20. 

JHdipnium arsenate. 

Dl,(As 64 ). 2 .DiH(As 0 j 2 .H 20 ; by boiling H 3 As 04 Aq 
with DiPs (Marignac, A. Ch. 88,185). 

Iridium ai'senate is a brown pp. 

Iron arsenates. The ferrous salt is obtained 
by double decomposition; it oxidises easily; 
after drying, its composition is Fe.OAsOi.syLO 
(Wittstein, Vicrtel-jahrsschr. pr. PJuami. 15, 
185). Tim ferric salt (?FeH;,(As(),).J is obtained 
by mixing Fe.^Cl^Aq with Na^HAsOiAq; it is a 
white powder which loses water on heating and 
becomes reddish, soluble in HjAsO^Aq, but this 
solution soon decomposes, unless very con¬ 
centrated, depo 3 itingFe. 2 (on),. (liunge, Fr. 6,185). 
Various other ferric arsenates of uncertain com- 
po.sitionhave been dc.scribed by Berzelius (v.also 
Grimaux, 1)1 [2] 42, 211). 

Lead arsenates. Tho salt PbHAs 04 is ob¬ 
tained by rlouble (lecoini>osition (Salkowski); 
when treated with NH^Aq it yields rb 3 (AB 04 ) 2 . 

Lithium arsenates. 2 IjI,As 04 .H.D is a 
white powdery pp. obtained by dissolving 
Li^COg in H.,As 04 Aq and adding NHjAq ; when 
this salt is dissolved in HjAsOiAq, Irimetrio 
prisms of 2 LiII.AsO,. 3 H 20 crystallise out (Bam- 
melsbcrg, P. 128, 311). 

Magnesium arsenates. 2MgIIA804.13H20; 
white pp. by mixing 6 parlsNaJlAsO, in sohition 
with a dilute solution of 3--parts MgSO^ (Graham, 
A. 20, 24). Mg 3 (As 04)3 is obtained by boiling the 
preceding salt for some time with oono. 
NaHA 804 Aq, A magnesium-ammonium ar- 
senato MgNH 4 AB 04 . 61 l 20 is obtained by adding 
H 3 A 804 Aq with excess of NHgAq to MgS 04 Aq 
containing NH4CI; it is sliglitly soluble in 
NH 4 C 1 A((, strongly heated it loses NH, and 
Mg.Aa^Oy remains [H. Bose; Field; Wittstein; 
Puller; Freseniua (Fr. 3, 206); Levol (A. Ch. 
[3] 17 , 60)]. A magnesium-potassium arsenate 
MgKA 804 , and a corresponding sodium salt, are 
obtained by fusing MgUAs 04 with K 2 CO 4 ud 
KOH (er NOjCO, and KaOH), 
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Matuantst arsemt$s. MnHAaO, is pro- 
anosd by saturating H,AsO,Aq with MnCO.: 
psing excess of H3A30,Aq the salt MnH^ (Asoj’ 
18 formed (^hie^r). Thomanganeso^ammoniura 
salt MnNH^AsOi.GH^O is obtained like the 
^rrcsponding Mg salt as a gummy pp. which 
becomes crystalline. Some basio Mn arsenates 
are described by Coloriano {ISL [2] 45, 709). 

XT The mercurous salt 

Ug^lIAsOi IS a yellowisli wliito pp., which be- 
comes orange red, produced by adding H,,AsO,A(i 
insoluble in water and 
H.p,HaO,Ari, soluble in IINO.Aq. When heated, 
this salt OSes ILO and Hg, and a mercuric 
salt (probably Hgr.AS;iO,) remains. By adding an 
excess of HaAsO^Aq to the mercurous salt, and 
evaporating, the meta-salt Ilg.^AsO^), is obtained 
Stat/? powder, somewhat soluble in 

H «I^ClAq with formation 
of HgCl, decomposed by KOHAq witJi withdrawal 
of half Its arsenic as HaAsO^ (Simon, P. 41 , 421 ). 

Molybdenum arsenate is a grey pp, (for com-' 
binations of As.,Oj with MoO. and K.Ov. 
Arsenic Acid, RcacUons^ No. 7). 

Nickel arsenates. Analogous to cobalt 
arsenates [q. v.). The salt Ni 3 (As 0 .)... 8 U .,0 
occurs native as NicheUbloont. " 

Palladium arsenate, is a clear yellow 
''y Na^HAsO.Aq with 

rd.2NO,Aq. 

Platinum arsenate is a light-brown pp. 
obtained like the Pd salt. " 

Potnssinm arsenates. Tho salts K,AbO. and 
KjHAsO, are obtained by adding K.Cd, or KOI! 
to HjAsO.Aq; the former crystallises from very 
cono. solutions (Oraham, P. da, 47 ). By heat- 
ing together equal parts of KNO, and Aa,0„ 
dissolving in water and evaporating, or bv 
adding KOIIAq to lf,AsO,Aq until ncutial to 
litmp and crystallising, the salt KlhAsO, is 
obtained. Tho crystals of this salt are fairly 
soluble in water (S. 6 » = 1!)), insoluble in alcohol. 
Heated above 288° tho salt melts to a glassy 
mass. ° •' 

Silver arsenates. Ag^AsO, is a dark red- 
brown pp. produced by mixing HjAsO.Aq, or 
solution of an alkaline arsenate, with AgNO.Aq ■ 
it melts to a brownish-red glass, it is doeom- 
posedhy HClAq to AgGl and H^AsO.Aq, it i.s 
soluble m UGHjO-Aq, NH,Aq, and solutions of 
many -HI, salts. By digesting this salt for some 
‘1 '‘".at with H,AsO,Aq a white 

salt, iAgAsO^-As^O,., is obtained. 

Sodium arsenates. NajHAsO,. 121130 , S.G. 
P67 (Schill), is obtained in largo ciyslals, 
isomorphoiis with common sodium phosphate! 

NOjCO^Aq to 

H.AsO,Aq, and evaporating at a temperature 
, not higher than 18° (Presenius, J. pr. 5(1, 80) 
The crystals which form at 20 ' and upwards 
contain 711 . 30 , S.G. 1-87 (Scliiii); thS crystals 
with 12IIjO cflloresce quickly, those with 7H.,0 
do not. Tho salt melts when heated forming 
B clear transparent liquid. At 0° a salt 
crystallises with ISill^O (Setterbetfe). The 
salt NaH 3 AsO 3 .ll. 3 O is formed in largo crystals 
by adding NajCO^Aq to HjAsOjAq until the 
solution 13 no longer ppd. by BaCIjAq; iso- 
morphous with the corresponding phosphate: 
B.O. 2'635 (Sohiff). A solution of S.G. about 
1-7 gives crystals of NaH,As 03 . 2 H 30 .(Joly a. 


m 

Dufet, 0 . B. 102, 1391). A aono. solution of 
HjAsO, decomposes NaOlAq and NaNO, on heat- 
double salts, viz. NaKHA 503 . 7 H..O 
^“*0 (Kotsohonboy), aid 
NaNHjHAsOj.lHjO, are described (Uolsmann). 
i 'fx .'“ 1 “®'^. obtained by neutralising 
NaH 3 A 803 Aq by KgCO^Aq, tho latter by mixing 
solutions of Na-IIAsO, and (NH.j.HAsO,. The 
compound Na.,As 0 ,.NaP. 121 X 30 Crystallises in 
mononietrio octahedra ; it resembles common 
iihinijn appearance; 8.G.2'819; S.(25°) = 10 - 5 ; 
S. (75°) = ,50. This salt is obtained by fusing 
together, with special precautions, 1 part As 0 
i parts Na. 30 () 3 . 3 parts NaNO,, and 1 part 
Cab .3 (Briegleb, A. 07, 95). Two compounds 
of sodium arsenates with sulphates seem to 
exist Na 3 As„ 0 |,. 2 Na 3 S 03 (Mitscherlich), and 
Na,As 30 ,.Na 3 S 03 (Setterhorg). 

Strontium arsauites. ByaddingNa,.irA 80 An 
to SrOI.3Aq a pp. of SrNaAsO,.H.,0 isohtaiiied; 
tlie hitrato from this when evaporated gives a 
while pp. of SrHAsO, (Salkow.ski). 

1 in arsenates. 2 SnHAs 03 .H ..0 ; a white pp 
produced by adding excess of K.IIAsO.Aq to 
''’‘® >^®''erso process the salt 
Sn(SnCl)AsO|.H 30 is said to be formed (Lenn- 
son, A. 114,113). ' 

nine arsenate Zn 3 (As 0 ,)j. 3 H .,0 is a gela- 
tinous subshanco (Kottig, /.pr."48, 482 and 
loll ‘'‘® ZnllAsO.,, HnII,(As 03 ).., and 
Zn,(As 03 ) 3 .NIIj, are also known (u. also P'riedol, 
Dl. (2] 5, 439). 

Tho compositions of tho rem.aining arsenates, 
which have Leon very slightly inve^stigated, are 
expressed by the f.ollowitig formnhe; - 
,nu T1 .AsO,.211,0. Thorium, 

Th.HAsO,. Uranium, (UO). 3 HAsO,. 4 H„ 0 ; 
the salts (UO),NaAsO, and (UO),Cu(AsO,),8H.,0 
are also known (Werther, A. (58. 312). Vaiia. 
(iirim, Vn,,(As 03 ) 3 . Yttrium, mKM,. Arsen- 
ates of titanium and zirconium aro said to 
Jiave been obtained. 

^senic, alloys of, v# Arsenic, Combhiations 
of, No. 9. 

Arfenic, ammonio-chlorido of, v. AiiaRNW 
CHLORIDE, Combinations of, No. 2. 

Arsenic, bromide of. Asltr, {Arsenious 
bromide, Tribromide of arsenic). Mol. w 
(220^). S.G. .3*0ti (Boedekor, 
Jalisco. 17). V.D. 167-5. H.F. 59,100 solid As, 
gaseousBr (Guntz, C. It. 101 , 101 ). 8.V.S.85-8. 

^ Preparation. — 1 . Powdered arsenic is sliakeii 
into a retort filled with Br vapour, and tho 

bromide is distilled from tho ex(!Ps 8 of As._ 

2 . Powdered arsenic is added to a mixture'of 
1 part Br with 2 parts CS., until the liquid is 
colourless; more Br is then added, followed by 
more As, until the colour is no longer removed 
on the addition of As; tho liquid is then altered 
and evaporated; on standing, the bromide ii 
deposited in crystals (Nicklds, C. R. 68 837. 

J. Ph. [3] 41,142). ‘ 

Properties —Colourless deliquescent prisma 
with strong arsenical odour, melting to a pals 
yellow liquid which fumes but sliglitly in the 
air. Volatilises unchanged and yields a crystal¬ 
line sublimate. 

Beactims.—l. Water, added in small quan¬ 
tity, produces AsOBr and HHr (? with a littls 
arsenious oxide) (Serullas, S . 65, 345); added in 
large quantity, decomposes it into HBr »nd 
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h»fi, (SemnM, Ia)> Att>^Q«oU 
BODitbung HBr deposits &e ot^> Baits ; 
»AB0Br.8AB,0,.12H,0 and 2A80Br.8Hj0 
(Wallace, P. M. [4] 17, 281).—2. Ammonium 
bromide added to a cold concentrated aqueous 
lolntion pps. six-sided tables consisting chiefly 
ot AsBrj (Wallace, P. M. [4] 17, 201). — 

8 . Sodium thwsiitphaie at first produces AsOBr, 
and then As^S, (NicklOs, J. Pli. [3] 41,112).— 

4. Arseiiitius oxide dissolves in molten AaBr^; 
on cooling to 1.50^ the liquid separates into two 
layers, ths upper of which is AsOBr, and the 
lower probably 3AsOBr.As..O, (Wallace, P. M. 
[4] 17, 261). 

Conihinaimis. —With the dllcaline bromides 
to form rather unstable crystallisable com¬ 
pounds (Nicklcs, I.C.). 

Arsenic, chloride of. AsCl, (Arsenious 
ehloride, 'I’richloride of arsenic, Butter of 
arsenic. Caustic oil of arsenic). Mol. w. ISl'll. 
[below 22°]. (130°-2) (Thorpe, C. J. 37, ’6^2). 

5. G. ^ 2-205 (Thorpe, U). V.D. 00-75. 
Volume at = vol. at 0 ° 

+ •OOOO‘Jia.38^ + •000000840^-^ + -00000000275.5 
(Thorpe, Z.C.). S.U.p. -1122; S.H.v. *7034; 
H.V. 00-74 (Regnault. J. 1803. 77). >J.F. 

71,400 [Bolid As and gaseous Cl] [Th. 2, 320). 
Ra 49-50 (TTaagen, 1\ 131, 122). H.V. 94-37 
(Thorpe, l.c.). 

Vowiation. —1. By distilling As^O„ with cone, 
H.jSO, and NaCl (Glauber in 1G48; Dumas, i*. 

9, 308).—2. By distilling As^O^ with cone. IICl. 

3. By leading dry HCl gas over powdered 
As^O,,.—4. By passing dry HCl gas over gently ; 
heated powdered AaD^ + lOHCl = I 

eAsClj + 2CL^+ 5H.p(Mayrhofer, A. 158, 320).— 
5. By adding ILSO, to a solution of As,Ouin 
cone. HCl.— 6 . By heating Ab.^Sj with 3HgCla in 
a retort (Ludwig, Ar. Pk. 97, 23).—7. By the 
action of S;,C1.^ on As (^Vohlor, A. 73, 3'’!). -- 
8 . By the action of PCI, on As.O^ or on As D,, 
(POCI 3 , and in the case of As.p^free Cl, is also ; 
formed) (Hintzig and Geutlicr, .<4. Ill, 171). j 

Prrjwm/iow.—Coarsely powdered arsenic h 
heated in a retort, dry chlorine is then led in, 
mid the contents of the retort are heated; the 
distillate is collected in a dry receiver, and freed j 
from excess of chlorine by redislillation from ! 
arsenic, or by shaking with mercury, pouring 
ojff from the black solid which is formed, and 
redistilling. Or the product may be distilled 
upwards for some time in a current of dry CO.^ 
(Thorpe, Z.c.). 

Properties.—k colourless, oily, funiing, very 
poisonous, liquid; mixes with alcohol, ether, and 
liquid oils; it is decompo.^ed by water [v. infra). 
Distilled with aqueous ilCl, AsCl, is partly vola¬ 
tilised ; HCl prepared from arsenic containing 
H 3 SO 4 always therefore contains AsCl,; arsenious 
oliloride when hot dissolves phosphorus and 
sulphur, but they crystallise out again on cool¬ 
ing. 

Reactions. —1, With a little water the solid 
oxychloride As 0 Cl.H 20 ( = As( 0 II)._,Cl)i 8 produced 
(Wallace, P. M. [4] 1(5, 358). With more water, 
specially if hot, AsCl., is decomposed into IICl 
and Ab^Ou, a g^cat portion of thelatter separating 
ia tile solid form.—2. With arseiiie hydride 
it reacts to form JfCl and As.—3. By the action 
of NO, it is converted into As^Oj, NOCl being 


(CkuOMt, J; fr, [Ijfi, 

854). 

Oomhinations, — 1 . Arsenious oxide dissolvei 
in boiling AsOl,, and on distillation the oxy* 
i chloride AsOOl (g. v.) is obtained (Wallace, P. 3f, 
[4] 16, 858).—2. Ammonia gas is absorbed by' 
AsCl, with production of a white solid, 
2A8CI,.7NH, according to H. Bose (P. 62, 62), 
2 AsClNII. 4 NH 4 Cl.NH 3 according to Pasteur 
{A. Ch. 68 , 307), Michaelis suggests the for¬ 
mula 2 As(NH 3 Cl) 3 .NIl 3 {Lehrbiich der anorg. 
Chem, ii. 459, [1881]); this compound is de¬ 
composed by heat, giving ofif NH, and then a 
white sublimate containing NH,Cl; it is soluble 
in alcohol, but is decomposed by cold water with 
production of heat and ammonia, from the solu¬ 
tion six-sided plates crystallise out, having the 
compOBitionAsjCl^N.^Hj^O^, these arc decomposed 
by cone, ammonia with production of (NHJAsO, 
which soon decomposes (Pasteur, l.c.).—SziU 
phur dichloridct SCl.^, is said to form a com¬ 
pound 2 ASCI 3 . 3 SCI 0 , but according to Nilson, the 
product of the action is merely a mixture (J.pr, 
[2] 12, 295),—4. With alcohol forms easily de¬ 
composed crystals of AsCla.C^lLO (Do Luynes, 
C. it. 50, 831). 

Arsenic, duoride of. AsFg {Arseniousflitoride)» 
Mol. w. 131-9. (60®-4) (Thorpe, C. J. 37, 352). 
S.G. 2-CG6 (Thorpe, U.). V.D. 66-1. 
S.V.S. 49-5. 

Formation.—By heating sodium or ammo¬ 
nium llnorido with arsenious bromide or chloride 
(Maeivor, C. N. 30,1(59). 

Prc 2 )aratio}i. —yii{n&\ parts of dry powdered 
fluorspar and arsenious oxide are heated in a 
leaden vessel with 6 parts cone. H 0 SO 4 5 dis¬ 
tillate is collected in a dry glass receiver. 

Properties. —A transparent, very volatile, 
fuming, liquid; it acts slowly on glass in a 
closed vessel, but exposed to the air it absorbs 
moisture with production of As 40 ^, and HF 
! wliich acts on the glass. Dropped on the skin 
it evaporates at once but leaves a painful w’ound 
(Dumas, A. Ch. [2] 31, 434). It absorbs dry NH 3 
in largo quantities; miscible with alcohol and 
ether (Maeivor, l.c). 

iteactioii. ^Wlih water it forms a clear 
j liquid (heat is produced) which soon decomposes 
to As,()„ and HF. 

Arsenic, haloid compounds of. AsFj AsClg; 
AsBr,; Aslj and AsL^, (? AsIJ. All gasified, 
ercept the di- and pent- iodide, and molecular 
weights known; v. the arts. Aiisknic, i*luoridb 

OP, CIIIiOlClDK OF, BUOMIDB OF, IODIDES OF, V. alSO 

art. Hai. 011 ) compounds. 

Arsenic, hydrides of. (In connection with 
these compounds v. art. Hydiudes.) Two 
hydrides arc knotvn; gaseous AsHj, and solid 
nAsH. 

I. Arsenic trihyduide. AsH^ {Arsenureited 
A|/drof/Crt,*Arstiic).Mol.w.77*9.[—li3°-5].( — 54 °* 8 ) 
(Olszewski, Sits. TV. 6 , 127) (about—40°). V.D. 
39-1 (Dumas, A. Ch. 33,355). H.F.-361,700 

^solid As) (Ogicr, A. Ch. [5] 20,5). Discovered 
by Schecl^ in 1775. 

Formatio7i.—l. By dissolving zinc or iron 
in dilute HClAq or H.B 04 Aq containing As^O^ 
or As-^Os.—2. By electrolysis of solution of 
As 403 Aq or Aa^OjAq.—3. By the action of organic 
matter on many arsenic compounds; e.g. the 
action of paper on Soheele’s green (the air of 



rp 6 m« iki pftptt oa tSie irallis ti i» 
coloured with ^h^le^B green usually contains a 
little AsH,). 

PreparaUon. —1. By the action of water, or 
better very dilute HCl or H.SO„ on the solid 
alloy of As and Na which is obtained by heating 
Ka in AsHg obtained by the action of acids on 
Zn containing As (Janowsky, B. C, 210).—2. By 
the action of H.SO 4 diluted witli 3 times its 
weight of water on the alloy of As and Zn ob¬ 
tained by heating equal parts of finely granu- 
latcd Zn and powdered As in a covered crucible 
(Soubciran, A. Ch. [2] 23, 307; 43, 207). The 
gas is collected over boiled water. 

Pro^riics.—A. colourless gas with repulsive 
odour; excessively poisonous (in working with 
this gas it is impossible to be too careful; more 
than one chemist has been killetl by it, e.<j. | 
Qehlen in 1815). Kasily decomposed by heat 
into its elements even when mixed with much 
hydrogen. By the action of the silent electric 
discharge it yields solid As liydride (Ogier, A. 
Oh. [5] 20, 5). Slightly soluble in water. i)ry 
oxygen has no action at ordinary temperatures. 

Iteactions.—l. Heated in air it burns to 
As^Ort and H^O; in a limited supply of air, to As ’ 
and ILO.—2. Wixed with oxygen ami subjected 
to elcciric discharge, complete decompositioji to ! 
As, Oh and H^O occurs explosively. — 3. Concen- I 
trated acids decompose it into its elements; 1 
cone. ll.SO.Aq forms also As.S, (llumport, J. \ 
pr. 94, 392); cone. IlClAq acting for sotuo 
time forms also AsClj (Napoli, J. pr. (»4, 93).— 
4. Decomposed by chlorine, bromine, or iodine, 
with prcductioii of much heat and formation of 
lialoid compounds of As.— 5. Sulphuretted 
hydrogen at about 309° forms As^^Sj and II.— 
0. Tha lutloid acids IICl, HBr, HI, arc without 
action on AsIIj at Ordinary temp'^ratures.— 

7. Heated with sulphur, As_.S;, ami ILS are pro¬ 
duced (.Tones, C. J. [2J Ll, (il.s).- 8 . Jicacts 
with rCl;, lo produce AsPand HCl (v. Ausknic, 
CiMubimitions 0 /, No. 8 ).—9. Many metals, e.g. 
K,^Na, Sn, heated in AsII., form alloys witli As 
and set free H.—10. Many metaltic oxides, e.g. 
CuO, decompose AsH., when heated with it, 
forming arsunides and water (the quantity of 
AsHj in a gaseous mixture may be tims de¬ 
termined).—11. Absorbed and slowly decomposed 
by alkalis, and by wafer containing oxygen or 
air. —12. Many metallic salts in aqueous solu¬ 
tions absorb and decompose AsH^; salts of 
metals whose oxides are easily deoxidised 
produce water and arsenious oxide; salts of 
metals whose oxides arc not so easily deoxidised 
produce water and arsenic which is precipitated 
with the metal. Thus with (1) AgNO^, and (2) 
CuSO„ solution, the Reactions are 

( 1 ) 24AgNO,Aq + 4Asn3-t-«H..O- 

As.OnAq + 21IINO,Aq + 24Ag; 

(2) 2 ASH 3 + 3CuSO,Aq-» ASoCq, J- lilf.SO.Atp 
Gold chloride in solution is reduced to gold, 
while AsjOh remains in solution. 

Beferenccs. —(Besides those inthe text) Marsh, 
B. J. 17, 191; 20, 100; 22 . 175; Ctromoycr, 
Comment. Soc. OUtt. 16, 141; Proust, Schcr. J. 

8 , 285; Fischer, P. 9, 261; Myers, A. 159,127; 
Parsons, C. N. 35, 235. 

II. Solid aksenio uydbide, nAsH. Mol. w. 
unknown. Janowsky (J5. 6 , 220) states that 
When potassium or sooium arsenide i,s dooom- 


posed watCTi ft solid, brown, vdvetdike, eoa- 
pound of As and H, in the ratio As:H, separatea 
out. When dilute acids are used in place of water, 
AsHs is evolved and As deposited. According 
to Ogier {A. Ch. [6] 20, 6), solid nAsII is pro¬ 
duced by the action of the silent discharge on 
AsHg. Older observations recorded the produc¬ 
tion of a solid compound of As and 11 by the 
action of dilute acids on arsenide of sino 
(u. especially Wiederhold, P. 118, 615), but these 
are contradicted by Janowsky According 

to Blondlot {A. Ch. [3] 68, 186), a solid hydride 
of arsenic is produced (1) in a Marsli’s apparatus 
when a little lINOgis present, and (2) when 
Asll, is passed into aqueous AgNOg, excess of 
Ag is removed by adding NaCI, a drop of HNOjAq 
is added, and a piece of Zn is placed in the 
liquid. 

Arsenic, hydroxides of. The compounds of 
As, 0, and H, arc acids; v. Ausenic, acids or 
(u. also arts. Acins, and Hyduoxiuf.s). 

Arsenic, iodides of. 

I. Ahsenious loniDE, Asl, {Triivdide of ar- 
senic). Mol. w. 454’50. (394° to 414°) (Carnelley 
a. Williams, C. J. 33, 283). S.G. 4-39. V.D. 
227 3. S. 30*12 at 100°. H.F. solid As, gaseous 
I [As, I»]« 28.800 (Guntz.C. P.101,101). S.V.S. 
103*0. 

Fornuilkm. —1. By subliming togetlier 1 part 
As and 3 parts I in a retort arranged so that the 
sublimate condenses in the nock ; the sublimate 
is treated with hot alcohol from whicli the Asl* 
crystallises on cooling (Bette, A. 33, 349).—2. By 
boiling 3 parts powdered As and 10 parts I with 
water, filtering, and evaporating (Plisson, 3. 55, 
335).—3. By acting on AsClj witli cone. HI 
solution [IICl is evolved] (llautefouille, Bl. [2] 
7, l'.i8).—4. By adding a concentrated solution 
of K1 to u hot solution of As,0, in llCIAq (Bam¬ 
berger a. Bhilipp, B. 14, 2643). 

Preparation.—X saturated solution of iodine 
in ether is heated to boiling with excess of 
powdered As in a flask with an u])right con¬ 
denser; the liquid is filtered while liot: on 
cooling, well-formed crystals of AsL, are obtained 
(Wiggers, Michaclis’s Lehrbuch der anorgan. 
Chem. [1881] 2, 46*2). 

Properties and lieactions.—hnaUoiis, rod, 
hexagonal, tables, a:c «1:2*098 (details of cryst. 
form, V. Friedliinder, .5?. it. 3,214). Soluble in 
alcohol, ether, benzene, &c.; soluble in muoh 
water; soluble without change in alooliol; de¬ 
composed by a little water witluformation of 
1.4sOI.3As,0^.2411^0; action of boiling il^O pro- 
dnecs AsOI.A';,Oa which deposits on cooling 
(Wallace, P. M. [4] 17, 122). 

C(imbiiiations.~l. With iodides ot the alkali 
metals to form very unstable comjiounds (Nioklds, 
0. It. 48, 237).—2. When ammonia is passed 
into a solution of AsT^ in benzene, a bulky white 
pp. of 2 A 8 I 3 . 9 NH, t.^ produced (Bamberger a. 
Bhilipp, B. 14, 2013). 

lieactions.—l. Heated with oxygen, iodine is 
evolved and As^On is produced.—2. Heated with 
alcohol, ethylic iodide is formed (Bamberger a, 
riiilipp, B. 14, 2043). 

II. Arsenic diiodide. AsI- (Bamberger 
Philipp, B. 14, 2043). Mol. w. unknown. 

Preparatiom—One part As is healed with 8 
parts 1 to 230° in a sealed tube, the product is 
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dissolved in OS, in an atmosphere of 00,, and 
the liquid is allowed to deposit crystals. 

Properties.—Thin prisms of a dark cherry- 
red colour. . . , rx 

l^eacti&M. —Very easily oxidised. Decom¬ 
posed by water to Asl, and As; (SAsI,** 
2AaI, + A 8 ). ^ 

III. AnsKNio PBNTioDiDK. AccordiDg to bloan 
(0. N. 4(5, 104) a brown crystalline solid, con¬ 
taining As and I in the ratio AsiSI, is obtained 
by heating As with a slight excess of I to 100® 
for some time in an atmosidiere of CO,. The 
body is easily decomposed to Aslj and I, by heat 
or by solution in ether or CS,. 

Arsenic, oxides of. (In connection with 
Ihese compounds, v. art. Oxides.) Arsenic forms 
two well-defined oxides, arsonious oxide Ag, 0 ^, 
which has been gasiQod; and arsenic oxide, As,Oj,, 
which has not been gasified: both act as anhy¬ 
drides ; the acid corresponding to the former is 
notknown, blit many arseniteSjMsAsOa, have been 
prepared. Tlircc arsenic acids are known corre¬ 
sponding in composition to the three phosphoric 
acids, two of tliose exist only us solids, they all 
readily lose water yielding the anhydride As/),. 
The greyish film wliich forms on the surface of 
arsenic exposed to the air has been regarded as 
a suboxido, but no definite proof of the existence 
of an oxide with less 0 tlian A 84 O,, has been 
given. 

I. Ausknious Oxide. A 84 O,,. Mol. w. 395*36. 
{Arsenic trwxidc^ While arsenic, Arsenious an¬ 
hydride, Arscnioiis acid.) Vitreous As^O^ melts 
under pressure, crystalline vaporises without 
melting (Wohler, Gm. 4, 255). S.G. vitreous 
3*698 to 3*738; oryst. 3*85 to 4*15 (v. Claudet, 
C. J. [2] 6,179, and Groth, P.137,426). V.D. 198 
fatwhitehcat, V. Moyer,P.12,1117). C.E. (cubic 
at 40°) *00012378 (Fizeau, O. IL 62, 1133). S. 
(13°) vitreous, 4; cryst. 1*2 to 1*3. 8. (100^) 11 
(Bussy, A. 64, 286). S. (15° standing for some 
days) cryst. *28; vitreous *92, S. (saturated at 
100 ° and then cooled to 15*^) cryst. 218; 
vitreous, 3*33 (Buchner, J. Ph. [3J 1, 421). j 
8 . (alcohol, 15°) cryst. *25; vitreous, 1*06 
(Girardiii, J. Ph. [3] 40, 269). 8 . (ether) 0. 

h.F. 309,310; H.F. in a«iueous solution, 
294,240; [As*0«,Aql = -15,100 (Th. 2,236). S.ll. 
cryst. *1279. S.V. 8 . vitreous, 106*3, cryst. 98*9. 

Occurrence.—Native, as the mineral Ar.senile 
{or Arsowlite) ; whenever arsenic volatilises in 
contact with air, or arsenic-containing minerals 
are heated in air. 

Privvxrnrt^ri.—Obtained as a principal pro¬ 
duct in the roasting of arsenical pyrites, and as 
a secondary product in the roasting of arsenical 
ores of Sn, Co, Ni, orAg. The oxide is condensed 
in chnmhers, and purified by rcsublimation. 
Extremely poisonous; doses of 0*6 gram are 
usually fa(al (but t». lloscoe ‘On the alleged 
Practice of Araenic-catiug in Styria,’ itfewt. of 
LiLaiid Phil. Soc. of Manchester, 1800), 

Properties.—Exists in three forms, ainor- 
pliou.<t,re(iriUr octahedra, and trimctric prisms 
(rt: 6 :c: = 3758:1: *35) *, the first passes slowly into 
the second form on keeping; the third is ob¬ 
tained under special conditions (u. infra). The 
change from amorphous to octahedral arsonious 
oxide is attended with production of 5,300 gram- 
units of heat, and that from amorphous to pris¬ 
matic with 24,950 units per As^O^ grams (Favre; 


Troost and Haatefeuille, 0*R. 69, 48). Amor* 
phouB arsenious oxide is produced by ooo- 
densing the vapour on a surface slightly cooler 
than the temperature of volatilisation of the oxide; 
it is a transparent glass-liko solid which gradu¬ 
ally becomes opaque because of formation of 
octahedral crystals. The octahedral oxide U 
produced by cooling the vapour quickly; by 
crystallising either of the other forms from 
water; by treating the amori)hous form with 
ammonia solution and washing with water. 
This form is obtained pure by fusing commercial 
arsenious oxide with carbonate of sodium and 
nitre, dissolving thearsenatoof sodium so formed 
in water, filtering from sodium antimonate which 
remains, and reducing with 80,^ solution. Ac¬ 
cording to H. Hose (i\ 35, 481) a solution of 
2-3 parts amorphous As^O^ in 12 parts boiling 
cone. JiClAq deposits crystals of the octahedral 
oxide when very slowly cooled, the formation 
of each crystal being accompanied by a flash of 
light; a similar solution of the crystalline 
oxide docs not behave in this way. The tri- 
i motrieprismatic variety of As ,0# is obtained 
1 by saturating with As,0,., and then allowing to 
cool, a boiling solution of potash (Pasteur, G. li. 
21, 474); Wolilor found this oxide in an oven in 
which arsenical ores had been roasted (/^ 26, 
177); Claudet found it native at San Domingos, 
in Portugal {C. J. [21 6, 179); Kiihn obtained ift 
from a solution of Ag;,AsO, in UNOj (/. 1852. 
378; V. also Uhrieh, J. 1858. 173); Kcheurer- 
Kestner found it in pipes leading from the 
pyrites burners to the cliambors of a sulphuric 
acid works {Bl. [*2] 10,414). The tliroe forms 
of ASjO., may be obtained, according to Dcbray 
(C. li. 58,1209), by heating the oxide in a dosed 
glass tube half immerseil jn sand, in an upright 
j position, the lower part being at about 400^; on 
' cooling, the lowest part of the tube contains 
amorphous, the middle part trimetric crystals, 
and the uppermost part octahe<lrul crystals, 
of As,0,i. Arsenious oxido is iso-dimorphous 
with aiitimonious oxide. The vitreous (amor¬ 
phous) variety may be (used before volatilising; 
the crystalline sublimes without melting, even 
under pressure (Wohler, 6'm. 4, *255). Tlie 
vapour is colourless and inodorous. 'The solu¬ 
bilities in water of tlio three forms arc dilTerent 
(u. supra)] long-continued contact with hot water 
decreases the solubility of the vitreous form 
inasmuch as it is thus changed to the octahedral 
form. Many aciila dissolve As^Oy, tlie vitreous 
more rapidly tliaii the crystalline varieties 
(Bacaloglo, J, pr. 83, 111); from these solutions 
the oxide crystallises on cooling; in the case of 
IIClAq 8omo AsClj remains in solution, tartaric 
add is, however, said to forma salt analogous to 
tartar emetic. An aqueous solution of As^O,, 
slightly reddens litmus, but no acid has been 
obtained in definite form. The oxide must be 
regarded as a feebly acid-forming oxide possessing 
at the same time salt-forming tendencies (v. 
Ausenioub acid and Ausenites ; and also, infra, 
iimctions.t especially Nos. 2, 10, and 11; and 
Combinations, No- 2). 

iZ^octions.—Arsenious oxide acts both as a 
reducing and an oxidising agent; it deoxidises 
nitric, manganic, chromic, hypochlorous, acids, 
(&c., with formation of arsenic acid; it oxidises 
carbon, sulphur, phosphorus, hydrogen, sodium. 
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pdtaasium, oarbon monoxide, potassium oyauide 
dro., when heated with these bodies. Theoxidein 
solution is oxidised to araonio oxide by chlorine, 
bromine, or iodine, in presence of alkaline bioar* 
bonates; on this fact is based the use of As,0„A<i 
in volumetric analysis. 1. Chlorine passed over 
the dry oxide at a moderate temperature forms 
AsCl, (Weber, P. 112, C19); in solution chlorine 
produces arsenic acid and HGlAq; iodbte and 
brmnine act similarly in presence of alkaline 
bicarbonates.—2. Hydrochloric acid forms some 
AsClj, but in presence of HNO, or KCIO^ only 
A8 .;Oj is produced.—3. Free oxygen does not 
oxidise AsjO^ at ordinary temperatures, but if a 
plate of Pt is partly immersed in solution of 
As^Oj in HClAq the oxyi^en coming olT from the 
Pt produces As.O^ (Ilerthelot, C. U. 8i, 1408).— 
4. An aqueous solution of As^O^ heated to 200"^ 
with i)hospluyr\ifi yields phosphide of arsenic 
(Oppenheim, 1, 103).—5. Na amalgam 

appears to reduce As,O^Aq with production of a 
solution which acts as an energetic reducer 
(Premy, C. P.70,01).—C. Phosphorus trichloride 
reacts at llO'^-l'iO^ according to the equation 
5As AAq + P-iPCh - 2A 3, + OPA^q 4-12AsClaAq 
(Michaelis, ,T. Z. 0, 23'.)).—7. Phosphorus locnta- 
chloride produces AsCl, and POCl, (Hurtzig 
a. Goutljcr, A, 111, loO).—8. Wljon As,0„Aq 
is shaken willi ammonia solution, an unstable 
compound is formed (Do Luynes, G, R. 44, 
13i;3).— 0. Phosphorous and hypophosphorous 
nctd.sproci))itato arsenic and produce phosphoric 
acid.—10. Hulphydric acid (IPS) passed into an 
aqueous solution of As,O,; forms As^S, which is 
ppd. on aihiitioii of an acid (v. Aususious sun* 
I’hiuk).—11. Ammonilun hijdrogcntartrate sola- 
tion is said to dissolve As,0„; on cooling, crystals 
of a double salt isorngrphous with tartar emetic 
separate out (Marignac, Ann. [5] 15, 288). 
Pelouze (.1. Ch. [3] 0, C3) describes a somewhat 
similar salt containing K in place of NHj. 
Neither tartrate has, however, been satis¬ 
factorily examined.—12. Heated in a tube witli 
a dry acetate, cacodyl oxide, A3^(CFI.,) A» is pro¬ 
duced.—18. Heated with dry alkaline earth 
. oxides or with dry carbooxates of the fixed alkalis, 
an arsenate of the metal is produced along witli 
arsenic which sublimes.—14. Tlieoxido dissolves 
in hot solutions of the alkalis but most of it 
pps. again on cooling in the air (v. Aksknious 
ACID AND ABSBSiTus).—15. Tho higher oxidised 
compounds of nuiny metals are reduced by 
AsA.,; thus CuO is reduced to Cu.A» in presence 
of alkali.—IG. Many mdal^, c.j. zinc, reduce acid 
solutions of As A« PPn- of As and formation 
of AsII,.—17. A8A..Aq is reduced by a Cu-Zn 
couple with formation of AsH, (Gladstone a. 
Tribe, G. J. 33, 30G).—18. Palladium or pla¬ 
tinum charged loilh hydrogen separates As from 
AsAtf Aq without formation of AsH, (pladstono, 
Z.C.). —19. Some metallic salts which act as 
reducing agents convert the oxide into arsenic; 
t.g. SnClj A(i produces SnCl 4 , As, and AsH, 
(Kessler, J. 1801, 205).—20. Freshly ppd. ferric 
hydrate reacts with AsAoAq or wfth alkaline 
arsenites to form an insoluble compound, pro¬ 
bably arsenite of iron; on this fact is based the 
use of ferric hydrate as an antidote in cases of 
arsenic poisoning (v. Bunsen and Bcrthold, 
Das Eisenoxydhydratf cin Oegengift der arseni- 
yen SdurCt Gottingen, 1834). 


CombinoHone^-^h Fused with arsenic oxiOe 
the body A8jO,.A8;0. is probably produced 
(Bloxam, 0- J. 18, 62). Other compounds of 
AsAtf a^nd AsAs obtained by oxidising AsA. 
by warm HNOjAq (v. Joly, 0. R. 100, 1221).— 
2. Dissolves in fuming sulphuric acid; onovapo* 
ration yields needle-shaped crystals of As ,0,.4SO| 
which are decomposed by water (Scliullz-Shellac, 
B. 4, 109, gives tho formula A82(80j)3.S0,). A 
compound of As^O,, and SO, was obtained by 
Schafliiiiitl (B. /. 22, 113), in the fumes from 
copper-smelting works in Wales; and by Bcich 
in a canal wliich carried off the sulphurous acid 
from a pyrites work near Freiberg (/. pr, 90, 
170).—3. liy cooling mixed hot aqueous solu¬ 
tions of KI, KBr, or KCl, and KAsO., the com¬ 
pounds AsA«d\I, AaA«-NBr, and AsA,-KCl, 
are obtained (Hiidorff, B. 18, 1111; v. also 
SchilY a. Scstini, A. 228, 72). ItiidorlT (B. 19, 
2(578) also describes NHJ.AsA»» NHAr-AsAw 
and 2NH4Cl.AsAfl* Forms a complex series of 
compounds with MoO, and Wt), and various 
bases {v. Gibbs, Atn, 7, 209 a. 3i3; 0. N. 48, 
155). 

II. AnsKNioOXIDE. AsAi* Mol. w. unknown; 
not less than that represented by formula. {Arse¬ 
nic pentoxide, Arsenic anhydride.) S.G. 3*734 
(fused oxide). S.V.a. 61*0. * ILF. 219,100; H.P, 
in aqueous solution, 225,400. [As-0*Aq,0*] 
= 78,350 (TA. 2,23(5), 

Preparation.—^ot produced by heating 
arsenic in air or oxygen. If ar.sonic or arsenious 
oxide is digested witli HNOjAii, or with a mixture 
of 1 part lIClAq and 12 ]>arts llN<),Aq in a 
retort, or if chlorine is led into a warm solution 
of As Aai arsenic acid, H^jAsO,, is jiroduced and 
maybe obtained as crystals liy cooling a con¬ 
centrated solution. When this acid is lieatedto 
low redness the anhydride AsAs is produced. 

Properties .—A white solid which slowly 
absorbs moisture from the air with formation of 
H 3 As 04 Aq. Slowly but completely dissolves in 
water forming H,AB 04 Aq. Heated above low 
redness it yields As A,j 0. 

Iteactioois. —1. Heated with charcoalf many 
metals, or potassium cyanide, it yields As.— 

2. Heated with cone, hydrochlojoc acid it yields 
AsClj; with HCl gas even in the cold the same 
product is obtained (Souchay, Fr. 1, 189; 
Mayrhofer, A. 158, 32(5).—3. Reacts with 
pthosphorns pentachloride thus: As.Oj + SPClj** 
5POCI, + 20\.^ »• 2A801a (Ilurtzig a. Geutlior, A. 

3, 159).—4. According to Michaelis {J. Z. 6, 
239), the oxide is not acted on POCl^ even 
at 200^,—5. Jteducod in aqueous solution by 
nascent hydrogen with formation of AsH,; but 
if chlorides are present only a trace of AsH, is 
jU'oduced according to Bloxam {G.J. 15, 56).— 6. 
Stannous chloride, in tho cold,produces stannous 
pyroarseiiato and arsenite, in warm solutions 
produces arsenic and AsH, (Schiff, J. 1861.278; 
Kessler, ibid, 265).—7. With water it reacts 
to produce arsenic acid, H 3 As 04 Aq. Joly (C. B. 
106, 1202) describes a hydrate As.Ab*^H, 0. 
Arsenic oxide reacts as a strongly acid-forming 
oxide and exhibits no tendency to form 
corresponding salts by reactions with acids 
(v. e.g. reaction with HClAq).—8. Forms a 
largo series of compounds with MoO, or WO, 
and bases (v. Gibbs, Am. 7, 209 a. 318; 0* N* 
48,155). 



AnMla, «L AMGBiiiiSrmar- 

tmnout adill ); and Mol. v. nnknown, 

Mt 1 »B» than represented by above formul®. 

I'ormalian.—kaO'Bi is produced by the action 
ofH .0 in limited quantity on. AsDr,, 

iYc/)am«ian.—Arsonious oxide is dissolved 
in molten Asllfg; the dark viscid liquid which 
results is distilled till it becomes rather thick, 
and is then cooled to 150^ whereat it separates 
into two layers, tlio upper of wliich contains the 
oxybromidc AsOllr, and the lower ])robal>ly con¬ 
tains the other oxybromidc A^O^Bra (Wallace, 
P. M. [4] 17, 201). 

Properliea.—Mvown, waxy, solid. Decom¬ 
posed by heat to AsBr^ and As,0«. 

Combinations. Vi'xth water \ a hydrate of 
arBcitio oxybromidc, 2AsOBr.3lLo is obtained 
as thin white pearly crystals by placing? a cold 
concentrated a(jucon 8 solution of AsBr,, con¬ 
taining IlBr, over sulphuric acid (Wallace, l.c.). 
If the solution of Aslirg in Hl3r is boiled, another 
compound, said to have tlio composition 
4 A 8 Bra.llAs 40 u. 211 I.. 0 , separates out (Wallace, 
f.c.). 

Arsenic, oxychlorides of. AsOCl {Ghlorar- 
s$nious acUl ); and AsgO^Cl. Mol. ws. unknown, 
not less than reprej:cnted by above forrauhe. 

Forvuidon.—Vthim AsCl^ is mixed with losB 
than sulVieient water to completely decompose it, 
AsOCl is forini-d. 

Preparation of AsOCl .—By distilling until 
frothing begins the litjuid obtained (a) by dis¬ 
solving Ah, 0„ in boiling AsCli in the proportion 
As,,0„: 2 AkCI„ or (b) by leading dry IICl gas 
over dry warm As^O„ until almost the whole of 
the latter has been changed to AsCla, and allow¬ 
ing to coo). 

Properties of AsOCl .—Obtained as above, it 
is a hard, translucent, slightly-fuming solid 
which slowly absorbs oxygon from the air 
(Wallace, /^ ilf. [4J 10,3.58; Ilurtzig a. Geutlier, 
A. Ill, 172). 

Comhhialions.— l. A solution of AsCl, in 
cone. HClAq mixed with solid a7nmo)iiu7n 
chloride, and allowed to stand, deposits crystals 
of AsOCl.Up, but after some days white fibrous 
needles are formed, which, when dried over 
liavetho composition AsOC1.2NH^Cl.—2. 
With water; a hydrate of AsOCl, having the 
composition AsOCl.lTp( A8(011).pl) is obtained 
by adding water to AsClj in about the propor¬ 
tion 811jO:AsCIa and allowing to stand for some 
days. The hydrate forms small star-like crystals 
(Wallace, 

Asppl is said to bo obtained, os a hard, 
glass-like solid, wlxin AsOCl is heated until 
Asp^ begins to sublime from it (about 218'^) 
(Wallace, /.c.). 

Arsenic, oxyiodide of. AbOI.AsPb. Mol. w. 
unknown. Produced in thin pearly laminro, 
according to Wallace (P. M, [4] 17, 122) by 
slowly cooling a hot cone, solution of Asl, in 
U./), drying between lilter paper, and then over 

fipo,. 

Arsenic, pentafluoride of; doublecoTnpaunds 
contavimg. No gaseous compound of arsenic 
of the type AsXj, where X is a monovalent atom 
or atomic group, has yet been obtained. Solid 
compounds are, however, known, one of the 
oonstituenta of which seems to be the group 
A8b\. The following are described by Marignao 


(A, 145 , 287 ) 1 ^ 1 , fiWrifUi 

formed in well-deTelopea 
rhombic prisms by dissolving potassium arse* 
nata in much hydrofluoric acid.— 2 . Pota^sto^ 
arsenic oxijflwri^, KP.AsOp 8 .H 3 O; formed In 
acute rhombic plates by repeated evaporation 
of the solution from which compound No. 1 
is obtained, or by dissolving potassium arsenate 
in a small quantity of HPAq.- 3. Dipotassio^ 
arsenic fitiorule, 2 KP.AaPs.ILO; largo, lustrous, 
rhombio prisma, obtained by adding KPAq to 
a solution in HPAq of either of the preceding 
salts, and evaporating.—4. The double salt 
4KP.AsPj,.AsOF8.3I1jO is said to be produced 
when a solution in HPAq of salt No. 3 is 
repeatedly evaporated. 

Arsenic, phosphide of, v. Absemio, Co7nbina- 
tio7is, No. 8 . 

Arsenic, selenidos of, and Seleno-sulpbidee 
of, V. AuseNic, Conibhiations, No. 7. 

Arsenic, sulphides of. (In connection with 
these compounds v, art. Sulpuiuks.) Three 
sulphides of arsenic arc known; AB 3 S 3 , As^S;,, 
and AS 3 S 5 . None of these has been gasified, 
hence the formula) do not necessarily represent 
molecules of the compounds. As.^Sj and 
AsaSa occur native as licalgar and Orptiment 
respectively. The two sulphides As^S, and 
AS 3 S 8 are salt-forming; they dissolve in alkali 
sulphides with production of thio-arsenites 
M 8 ASS 3 &c., or thio-arsenates MjAsS, Ac. (r. 
mfra). The disulphide, As^S., is not salt-forming; 
Berzelius’s statement that it combines with 
various metallic sulphides has been shown to be 
erroneous (Nilson, h. 4,081)). 

I. Aksenio disulphide. AS 3 S 2 {Realgar^ 
Red orpiment, Ihdnj sulphur). S.G. 3'4-3*6. 
H. 1*5-2. Mol. w. unknown. S.V. 8 . 61*1. 

Occur7-cnce. —Native, as* Licalgar, accompany¬ 
ing ores of silver and lead, &c. 

Preparation. —1. By heating together As and 
S, or As^Sa with As, in the proper proportions.— 
2. By heating As.O, with S, in the proportion 
A8^0 u: 7S, repeatedly subliming the mass from 
end to end of a glass tube in a stream of CO 3 
(Nilson, J. pr. [2J 8 , 80).—3. By heating As^Sj 
with NallCOaAq in a closed tube to 150°; 
crystals are thus obtained ^ mm. long (S^uar- 



106 ), by subliming a mixture of arsenical pyrites 
add iron pyrites. 

P-roperties. — Occurs native in monoclinio 
prisms, a:b:c * 1*32:1:*486('; o = 85°lG'; orange- 
red, more or less translucent, resinous lustre, con- 
choidal fracture. Pure A 83 S, is transparent, ruby 
colour, easily fusible, and crystalline after fusion; 
it burns in the air with a blue fiaine forming 8 O 2 
and AsiOy. It is used as a pigment, also in pyro- 
techny. 

Rca£iw7i3. —1. Nitric acid oxidises ASjSs to 
II 3 A 8 O 4 , ILSOyAq, Hj 804 Aq, and S.—2. Heated 
in a current of chlorine, S 3 CI 2 and AsCl, are pro¬ 
duced (Nilson, tT. pr. [2J 12, 295; 13, 1).— 
3. Heated tn hydrogen, As and H 3 S are formed 
(N.).—4. Solution of potash partially dissolves 
ASoS., with formation of AS 3 S 3 which then 
forms KAsS.Aq, and production of As (N.).— 
5. It is slightly soluble in solutions of tha 
alkalUvietal sulphides.—fi. It is electrolysed 
to As and S by a powerful battery (Lapschia* 
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I^QOwttw^^ 0. [91 e, 6^).~7. Heated 

with iodine, the oompoand Aa,St;]iaIs("A8SI) if 
prodoo^ (Schneider, [2] 28, 486). 

II.ABSEKIOTBISULPHXOB, AsjSj (Ar$miou$ suU 
nhide, 8ulp}iarsenious anhydAde^ Orpinienti 
zellow sulphide of arsenic). Mol. w. nnknown. 
S.a 8*46-3*48. S.V.S.701». 

Occurrence. —Native os 0}'pinient. 

Formation.—1. By heating to 70°-80° a so¬ 
lution of NojCO;, saturated with A3;,S3 (Nilson, 
J.w. [2] 12, 295; 13,1).—2. Impure,commer- 
oiJ, by subliining together 7 parts powdered 
Ab^O, with 1 part S. 

Reparation. —1. By subliming together As 
and S in the proper proportions. 2. By satu¬ 
rating As^OgAq with HjS a little HClAq being 
added. If no mineral acid is added the As.Sj 
produced remains in solution in a colloidal form 
(Schneider, J. pr. [2J 25, 431). 

Properties. - Occurs nativeintrimetrio prisms 
(o:5:c - •C03:1:‘C74) translucent, lemon-or slightly 
orange-yellow. Prepared in the wet way it 
forms a lemon-yellow powder which becomes 
darker when heated. Molts easily and volati¬ 
lises at a higher temperature. When HoH is 
passed into As,O^Aq, As^S^ is formed but remains 
in solution in colloidal fonn; a saturated so¬ 
lution contains 31'10 p.c. As^Sj; it is slowly 
decomposed on standing, but may be boiled 
without precipitation of As.S.,; bone char re¬ 
moves all the As.Sg from solution; most acids 
and many salts precipitate As^H^ (Schneider, 
«r.yjr. [2] 25, 431). Used as a pigment, also as 
a reducing agent in dyeing, also as a depi- 
latoi^. 

lieactions, —1. Long-continued action of hot 
water produces H-B and As^O^Aq according to 
Field (C. N". 3, 114).--2. Dilute acids do not act 
on As^Sa; cone. HClAq produces AsCh; cone. 
HNOsAq produces H.SOjAq, S, and HjAsO,Aq. 

3. Fused with potassitan-hydroffen sulphate, 
SOa is evolved, and KHAsO^ and iLsO, remain. 

4 . Chlorine acts readily, a brown liquid is 
formed said to boachloiosulphideof As (II.Bose); 
heated with chlorine, AsChis produced (Ludwig, 
Ar. Ph. 97, 23).—5. Passed over hot iron, silver, 
Ac., sulphide of the metal is formed, and arsenic 
which partially alloys with the metal. —0. Passed 
over red-hot lime, sulpliido and arsenate of 
calcium, and arsenic are produced.-?. Heated 
with sodium or potassium carbonate, aminov sf 
As is obtaiiH'd, along with arsenate and thio- 
arsenato of the alkali metal; if the mixture is 
heated hydroyen the arsenate is reduced 
(Bose, P.90,505).—8. Heated with an alkaline 
carbonate and charcoal or potassium cyanide, a 
mirror of As is obtained; according to Fresenius 
{A. 49, 287), the whole of tlio As in the is 
thus obtained; according to Rose {Ph. C. 1853. 
694), some of the As forms tliio-arsenrfte (KCNS 
being also produced) which is not reduced. No 
mirror of As is obtained (Bose) if As^^Sj, is mixed 
with excess of S and heated with KCN; the 
presence of an easily reduced metal if also said 
to prevent tlm formation of As, because the As 
alloys with the metal. If the mixture of As^S, 
with Na,COa (or K.^COs) and KCN is heated in 
hydrogen, the whole of the arsenic is obtained as 
metal (comp. Bose, P. 90, 565, with Nilson, A. 
49 , ^7).—9. ASjSi readily dissolves in cold 


aqueous Ridsh, or anmonia, farming aa 
artenite and a thio-aisenite; thus: 

2A8,S, + 4KOHAq» 

KAsOj^Aq + SKAsSaAq + 2H..0; 
on adding an acid to the solution tlie whole of 
the As is precipitated as As.Sa; thus: 

KAsOaAq + SKAsS^Aq + 41 IClAq = 

4KCIAq + 2A3,S3 + 2II,0. 

If oxide of Ag or Pb is add(ul to a solution 
of ASuSj in NII;,Aq and tlie soiution is boiled, 
the whole of the S is prccipilaU'd ns or 
PbS, and Ag or Pb ar.senito remains in solution. 
10. When As-aS, is boiled with a solution of 
sodium or potassium oirbonate, As.Sj is precipi¬ 
tated, COa and H.S are evolved, and tbo solution 
contains tho following salts, Na.,8.3A3.,S3; 
Na,0.2As..SA; Na.AsS,; NaaHAsO,;’NaHC 03 ; 
(Nilson, J. pr. [2] 14, 1, 115).— U. is 

easily soluble in a hot solution of po^ussiMWi- 
hydrogensulphite', thus, 2As.,S3 + lGKUSO.,Aqa' 
4kAs6.,Aq 4 6 fLSa 03 A(i + 7SO,Aq f 3S + 8H,0. 

Comhinations.—Ks.^., acts as a salt-forming 
sulphide, or anhydride of a thio-acid ; it com¬ 
bines with the sulphides of the alkali and 
alkaline earth metals, and with some metallic 
hydrosulphides, to form thio-arsenites {q.v. under 
Ausexic, thio-acids of). The following are the 
typical reactions: 

1. As,.S., + K„SAq -2(AsS.SKAq). 

2. As.X I 6NHl.JI>SAq = 2(As.(SNll,),Aq) + SHjB. 

3. A^.Sa + 2(NIl,),SAq = As,S(SNll,).Aq. 

11 i.—A uSENIC I'ENTABULrUlOK. As^Sj (Per- 

sulphide of Arsenic). Mol. w. unknown. 

PrejKiration.—l. By mcUiiig As with con¬ 
siderable excess of S, a thin, tians})iir(‘nt, liquid 
is obtained which solidifies to an elastic mass, 

' and after some lime becomes hard; it this hard 
' solid is powdered and treated with NHjAq a 
I solution of As.^Sj is obtained from which the 
1 sulphide is thrown down on addition <d HClAq 
I (CT6!is, A. Ch. [4J 30, 114).-2. A solution of 
! Na.S is digested with As^Sj and ( iiough S to 
; form As.^S;^, on evaporating and cooling largo 
' crystals' of 2Nft,AsS^.15JI.O aro obtained 
(llamnielsberg, P. 62,249 ; Ooi 40); whenllClAq 
is added to a solution of this salt, As-Hj is pre¬ 
cipitated and II^S is evolved (Fuchs, AV. 1,189; 
Fliickiger, VicrUljahrsschr. pr. Phanii. 12, 330; 
Eckert, ibid. 13, 357). Tlio })roduct of tho 
action of H^-S on H^AsO^Aq is fiot As.^Ss, as was 
' once siii)poscd, but is a mixture of As-^Sj and S 
I (2H3AsO.Aq -i- 2H.,S « As-.O^Aq + 511,0 + Sj; 
A8,0,Aq + 3ILS == As^Sj -t HlI.O) Iv. Ludwigs 
I Ar. Ph. [2] 97*, 32; also II. RoserT\ 107, 186). 

Properties.—K yellow powder, easily fusible; 
may bo sublimed in a stream of a gas which 
docs not act on it. 

lieactions.— Heated in a stream of 
hydrogen, it is reduced to metallic As, and H.^S. 
2. Dissolves easily in amimnia, potash, and 
I soda solutions, with production of thio-arsenate^ 

; and arsenate, of the alkali metal.—3. Dissolveft 
I easily in solutions of alkali sulphides, forming 
: thio-arsenates. The sulphide As^S^ behaves a» 

\ a salt-forming compound, or as the anhydride 
of Ihio-arsenic acid; the salts which are generally 
formed directly from it are pyro-thio-arsenatei 
M^ASjS,; these yield two othex scries of sal^ 
viz. ortho-thio-arscnatesMjAsfh, and meta-thia 
arsenates MAsS, (v. Aiisemc, Tmo-icn>B Of), 
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Ari«iiie, tolplio-aelds of, v. Absxnio thio- 

ACIDS OF. 

Artenlo, salpho- (or thio«) bromide of. 
A8S^r,(-A8SBr.SBrj). Mol. w. unknown, 
[—17®]. Dark red crystals deposited at —18® 
on addition of a small quantity of powdered 
As to a solution of S in Br in ratio S:Br.^; 
ilccomposed by water into As^O^Aq, IIBrAq, and 
« {IJannay, C. J. 3:i, 21)1). 

Arsenic, sulpho- (or thio-) iodide of. AsSI. 
Baid to be formed by the mutual action of AR;i8;i 
and I (Sehnoider, J. jir. [2J ‘23, 48(5). 

Arsenic, sulphydrates (or hydrosulphides) of. 
Only one cornpouiKi As, S, and II is definitely 
known,A8S{81I)3; v. Thioarsenicacidn niuler 
Arskn'ic, thio-acids of (y. also the ait. IIyjhu). 
•ULrruLtKs). 

Arsenic, tellurides of, t>. Arrunic, Combina- 
iionSt No. 0. 

Arsenic, thio-acids of. (In connection with 
these compounds v. the art. Hyduosolpiiides.) 
Arsenious Hulphido, As^Sg, dissolves in alkalis or 
alkali sulpliides to fonu salts, and from these 
other salts are obtained by double decomposition. 
The sulphide As.Sginay be reKn-'‘de(l as the anhy¬ 
dride of three thio-acids AsS.SH, As(Sll) 3 , and 
As 3 S(SH)„ corresponding to the three liypotlic- 
tical oxy-ncids {v. Ar.sKNrnuaAcin); none of these 
acids is known, all attempts to prepare tliem 
liaving resulted only in the production of As.Sj 
and li,S,but thio- or sulph- nrsi nites are known 
belonging to the three types, MAsS., MgAsS;,, 
and Rr,AsoS;,. The more important of these salts 
are described below. Arsenic pcntasulphidc, 
As.S^, dissolves in alkalis and alkali sulphides 
to form salts from which otlier salts are ob¬ 
tained (u. infra). According to Nilson (J-jer. [2] 
14, 1, ll.^) tiic pp. obtained by adding dilute 
HClAq to a solution of Na^AsS^ (v. Arsenic 
PENTA suLJ'iiiiiK, Vreparation of) has llie compo¬ 
sition of ortho-thio-arsenic acid Ii,,AsS, [ = 
As8(S]l),; no other thio-arsenio acid is known, 
but the salts may be divided into three classes, 
analogous to the arsenates, viz.: jniro-thio- 
^rscfiates M^As.S, (hypothetical acid li^As.^8.), 
metadhio-arscnalrs MAsS, (hypothetical acid = 
HAsSg), and orVio-thio-arscnaies MjAsS. (acid 
(1) H,A8S.). 

I. I’hio-ausknites. As already stated, no 
ihio-arseniuus acid is known. The salts which 
have been examined belong for tlic most part to 
the type M^As^S^,; they are produced either by 
the direct uni(‘n of As^.Sj with metallic hydro- 
sulphides, f./ 7 .'^^l,As^.S,,, or by ordinary double de¬ 
composition of (Nli j^As^SjAii by solutions of 
metallic salts, e.g. Pb.As._.S^. A few salts belong- 
ing to the forms MAsS^ and MgAsSg, are also 
known, e.q. KAsS^ and KgAsS,; they are formed 
by the action of alkali sulphuh's on As.^-Sj 
(comp, reactions given for Ausknic TiusuLrnioK, 
p. B15). The Ihio-arsonites of the alkali and 
alkaline earth metals and of magnesium are 
soluble in water, but the solutions are decom¬ 
posed on boiling, tbe others are insoluble in 
water. Most of these salts give off all their sul¬ 
phur when strongly heated out of contact with 
air. These salts liave been chiefly investigated 
by Berzelius {v. Gm.A, 275). 

Only those salts which have been fairly 
satisfactorily examined are mentioned in the 
following brief account:— 


Amtumium thio-^rsirUtes. (KHJiAsjSa It 
obtained by dissolving As^Sa in (NHA.^SAq and 
adding alcohol; if NH,HSAq is a^ed before 
precipitating by alcohol the salt obtained has the 
composition (NH 4 ) 3 AsS 3 . 

Barium thio-arsenites. 30.^6283 is obtained 
as a pasty brownish-red very soluble mass by 
digesting AS 2 S;, with BaS 2 H 2 Aq; from the solu¬ 
tion alcohol throws down Ba 3 (AsS 3 ) 2 . 

Calcium thio-arsenites. The salt Ca 3 (AsSa), 
is obtained as crystals by digesting AS.B 3 with 
milk of lime and allowing the solution to evapo¬ 
rate; from the brownish mother-liquor alcohol 
precipitates white Ca 3 (A 8 S 3 ) 2 . 15 H 30 . 

Lithium thio-arsenites. Closely rcacrablo 
the potassium ^alts {q.v.). 

Voiasbium Uno-arscnites. The salt KAsS, 
may be obtained in solution by dissolving AS 2 S 3 
in KjSAq, but this solution decomposes on 
evaporation; in the solid form by heating KAsS, 
or by fusing As^Bj with KjCO.,. By adding alco¬ 
hol to a solution of As^Sg in K^SAq, a white pp, 
of KgAsSa is obtained. All these salts readily 
undergo change in aqueous solutions. Berzelius 
describes several other more or less indefinite 
bodies as potassium tliio-arsenites. 

Sodmm thio-arsenilcs. Closely analogous 
to the 2 )otassium salts. 

The following thio-arsenites seem also to 
exist; they are generally obtained from 
(NflJ^As^S^Aq by double decomposition;— 
(BiS),As. 2 S 3 ; 00 , 3 ^ 8283 ; Cd-^As-Sa; Co.,Aa 2 S 3 ; 

Cu 2 As,S 3 ; Fc,.As,.S,; Au^(As..S-) 2 ; Mg-As.-Bj; 
Mn-As'^Sj; Hg-.As.Sj; ITg(A'sS.,)2; NuAsIS^; 
8110X8283, tSnAso^,; IH-.ASoBi; Ag.ASoSs; 
(U 8 ) 3 Aa 286 ; Zn. 2 As 283 . Thio-arsenites of chro¬ 
mium, molybdenum, and zirconium, seem also 
to exist. 

II. Thio-arsenates. As already stated, it is 
probable that orlho-thio-arsonic acid II.,AsS 4 
has been prepared. The thio-arsonates may bo 
divided into throe classes, of which tho tliree 
potassium salts are representatives: KjAsgS,, 
KyAs 8 „ and KAsSy. Tho Ihio • arsenates aro 
obtained : 1. By digesting As-^Sj with solutions 
of the alkali sulphides, on cooling some As-^S, is 
precipitated.—2. By dissolving ASoSg in solutions 
of nlkali-polysulphldcs. -B. By preeijntating 
solutions of arsenates by or by (NHJ.^SAq; 
in tho latter case the liquids must be boiled to 
romoYo NHj.—4. By fusing AS 283 with alkali 
carbonates.— 6 . By dissolving AsaSj in KOHAq 
or NaOn aq; arsenate is formed as well as thio 
ar.scnate. The thio-arsenates of the alkali metals 
are yellow or red, very soluble in water, crystal- 
lisable, fairly stable, compounds; their aqueous 
solutions arc slowly decomposed by exposure to 
air. Tho other thio-arsenatos are more easily 
decomiioscd; those of the heavy metals are in¬ 
soluble in,water; they are best prepared by de¬ 
composing the solution of an alkali thio-arsenate 
by a solution of a salt of the metal. Soluble 
thio-arsenatca aro decomposed by HClAq with 
precipitation of AS 2 S 3 . The salts obtained by 
the methotls enumerated are usually j).vro-thio- 
arsenates M 4 A 82 S,; the wieto-and ortho- salts 
are produced from these, very frequently by the 
action of alcohol on their solutions; alcohol 
usually precipitates an ortho- salt and leaves 
a meta- salt in solution. The ortho- salts are fre¬ 
quently crystalline; most of the others are 
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amoiphouB. Heated in absence of air, most 
tbio-arsenates yield tbio-arsenites, and then 
AftaSa which sublimes, and a metallic sulphide 
which remains; some, however, are unchanged 
by heat alone, e,g, MyAsS 4 where M^Li, K, Na. 
Heated in air, the thio*arscnates, as a class, give 
off Ab^Sj and As^O,;, and leave a sulphate in tlio 
oases of alkaline salts, or an oxide in the easels 
of salts of heavy metals. The Ihio-arscnates 
have been chiefly investigated by Berzelius {v, 
Qnu 4, 275); also by Nilson (/.pr. [2] 12, 205; 
13,1). 

The following aro the Ihio-arsenatcs which 
have been fairly well investigated:— 

Amvionium thio-arsenafea. The pyro- salt 
(NH 4 ) 4 A 8 .S 7 has not been obtained as a solid: a 
solution of As^Sj in (NIl 4 )„SAq probably contains 
this salt, it is decomposed on evaporation; 
alcohol precipitates the ortho- salt (NH,) 3 AsS 4 
in white prismatic crystals, while the meia- salt 
NH^AsS., remains in solution. 

Barium thio-arsenalcs. A solution of 
BaHAsO^ is decomposed by IlaS, but the pure 
pyro-tUio-arsenate, BaAs.^Sj, has not been j)b- 
tained;this solution is decomposed by ulcoliol 
into Ba 3 (AsS,).^ wJiich precipitates, and Ba{AsS 3 )j, 
which remains in solution. 

Magnesium thio-arsenates. The 'pyro- salt 
Mg^As .S, is ayellow solid, very soluble in water ; 
by adding Mg{Sn).Aq to this solution until ILS 
ceases to como olT, and evaporating in vacuo, 
crystals of Mg.,(AsS 4)3 aro obtained; alcohol 
decomposes this salt, dissolving out Mg.As^S;. 

Potassium tluo-arsenaics. 'J'he pyro- salt, 
K 4 A 9 .,.S„ is best obtained by treating KJIAs(),Aq 
with JLS and evaporating in it forms a 

yellow viscid mass which liqnclies on exposure 
to the air and then crystallises in rhombic 
plates. By adding alcohol to a cone, solution of 
this salt an oily liqui<l is obtained which 
crysfallisGS when warmed giving K;,AsS,, and 
KAsS;, remains in solution. A salt containing 
both sulphur and oxygen, AsSO.OK.lI.X) is 
described by Bouquet and Cloez (.4. Ch. [il] 13, 
44), produced by the action of on cold 
saturated K.dIAsO,Aq; it may perliups bo re¬ 
garded as a double compound of the hypothetical 
oxysiilpliide As^S.Oj with K^O, but the data are 
very meagre. 

Sodium thio-arscnahis, Tlie ortho- salt 
2Na3AsS4.15TlA) is obtained in large while, or 
yellowish, mouoclinic pristns, by digesting 
NajSAq with As^S.^, or with As.Sj and sufllcient 
S t-o form As; 4 S.,,and allowing to crystallise (l-'roso- 
nias, Fr. 1, 1U2). The same salt is also obtained 
by decomposing Nu-JIAsO^Aq by andadding 
alcohol to Iho solution; according to tho con¬ 
ditions undor wliicli tliis liquid is allowed to 
crystallise, crystals of varying fonn and some¬ 
what varying appearance are obtained (Berze¬ 
lius). The crystals are not deliydraftid in dry 
air, but when slowly healed the salt may bo 
obtained without water of crystallisation. It is 
doubtful whether the meta- and pyro-thio- 
arsenates have been obtained; the solution 
from which tho ortho- salt is thrown down by 
alcohol probably contains NaAsSa, and tho solu¬ 
tion before alcohol is added probably con¬ 
tains Na^ASoS,. Tho double thio-arsenato 
Na,(NH 4 )j(AsS 4 ), is also described by Berzelius 
ile.). 


Besides the above salts, the following thio- 
arsenates seem to have been obtained in fairly 
definite forms: Ca^Aa^S,, GasiAsS^)^; Ce-As^S,, 
Ce 3 (ABS 4 )„ Co4(As,S,),; Co3A8,S,; Au4(A8,S,),} 
Fe^jAs^Sja, FejtAsjS,; PbASaS,, PbsiAsS,)^; 
Mn As.S,; HgASsS,, Hg^As^S,; Ag4A83S,; 
(US) 4 As.B,, Thio-arsenates of Sb, Be, Bi, Cd, 
Cr, Li, Ni, Pt, Sr, Y, Zn, and Zr, probably exist. 

Arsenic acid and Arsenates v. Aksknio, zoids 

OP. 

Arsenides. Binary componnus of arsenic 
witli more positive element^!, v, Ausnsic, Com- 
binations, No. 9. 

Arsenioua acids and Arsenites, v. Arsrnio, 
Acids of. M. M. P. M. 

ARSENIC COMPOUNDS, ORGANIC. This 
article is devoted to comitounds in whoso mole> 
cules arsenic is supposed to bo directly united 
to carbon. They are produc(;d by distilling 
alkyl iodides with an alloy of arsenic with 
potassium or sodium (thus McI gives As^Mo,, 
As^lo.,, and AsMe 4 l—Cahonrs a. llichc, C. /i. 
31), 511), or by heating AsCt, with compounds 
of mercury with alkyls or aromatic radicles or 
by the action of sodium on a mixture of AsCl, 
and a haloiil derivative. The methyl derivatives 
will be described first, followed by tlio methyl* 
ethyl, ethyl, phenyl, and finally by the benzyl, 
derivatives. Tlie nomenclature employed is 
somewhat different from that used for derivatives 
of nitrogen. Thus Ihe radicles AsMe, AsMe.^, 
AsMe.„ and AsMc 4 are called methyl-avsino, di¬ 
methyl-arsine, tri-mcthyl-arsino, and tetra* 
methyl arsoninm respectively. 

Methyl-arsine dichloride AkM- Cl.. (133®). 
At '10®-50® di-methyl arsiuo Ivichloride pro¬ 
duces AsMeCl^lhus: AsMc.Gls-McCl -i- AsMcClj. 
Liquid which does not fume. M. sol. water but 
not decoiTjposed by it. It violently attacks the 
mucous membrane. At —10® absorbs Cl., form¬ 
ing AsMcCl, which at 0® splits up into MeCl 
and AsClj (Baeyer, A. 107, 257). 

Methyl-arsine di-iodide AsMel.. [c. 25®]. 
From the oxide, AsMeO, and III. From cacodyl 
and iodine (Cahours, 0. 2i. 60, 1022). Yellow 
needles (from alcohol). Converted by into 
Af.MeS, and by HCl into AsMeCI.^. 

Methyl-arsino sulphide AsMeS. [110®]. 
From ILS and AsMoCI^. Plates (from alcohol). 
Insol. water. Pps. Ag, Cu, and Pb, as sulpliidcs 
from their salts. 

Methyl-arsine disulphide As^leJS... Formed 
by passing li.^S into an acidilicd solution of 
mcttiai.*e-arsonic acid ((t. Meyer^^ B), 14-10). 

Methyl-arsine oxide AsMeO. [t)5®J. Formed 
by action of K-^CO;, on the chloride Asl^TcCl^. 
Crystallises from CS.. in irregular cubes, smells 
like Asa hrtida. M. sol. cold, v.sol. hot, water; 
slightly volatile in vai)our of walor ainl alcohol; 
v. sol. aqueous acids ftoining neutral solutions. 

Methane arsonic acid MeAsO(OH) 3 . From 
AsMcCL and excess of moist Agp. From 
AsSFcO in aqueous solution by action of HgO. 
From aqucou.s sodium arsenito and Mol (M.). 
Largo spear-shaped laminae composed of small 
needles (from alcohol). 

Salts.— BaA®, 6 H. 30 : ppd. as anhydroiu 
rhombic crystals, by adding alcohol to aqueous 
solution; the crystals soon change to hydrated 
needles. Ag.A": nacreous crystals which ex¬ 
plode above 100 ’—CaA" aq. 





TetrMftbyl 4i«rMtiiat Cacddut 

Alharsm. Mo!, w. 210. [c.-H (o. 170^ 
V.D.7-l(air«l). 

Pr^ration .—By heating di-methyl-arsine 
chloride (cacodyl chloride) with zinc at 100® in 
hnlbs filled with CO^ (Ihmsen, P. 40, 219; 42, 
146; .4.87,1; 42,14; 4(i, 1). 

ProjtfirlifS. — .Stinking oil; heavier than 
water. Takes fire in air or in chlorine, lleduces 
HgCl^ to incrcnroufl chloride. 

Ileaclkm. —As„Mn^ 2MeI« AsMe^I -i- AsRfe^I 
(CahourK, A. 122,'209). 

Coinhinatiom.— Whf^n gradtially mixed with 
air, chloi ine, or bromine, it forma derivatives 
of cacodyl, behaving like a moh'cule of such 
a metal as potassium : (AsMe.Jj + CIj * 
2(AHMe.JCl; and (AsRIeJ. + 0 = (AsMe.J.p. 

Tetra - methyl • di - arsine oxide (AsMe.,.)..0. 
Cacodyl oxide. Mol. w. 220. [o. — 26”J. (120°). 
S.G. 1'-Hi2. V.T). 7-55 (calc. 7-88). 

Fornuilion .—Ca<let’s fluid {Crell. N. Chetn. i 
Arch. 1, 212), obtained l)y distilling KOAc with i 
an equal weight of As.O,„ is caco<lyl oxide mixed 
with some cacodyl. llgO converts both into 
cacodylie acid, whence a mixture of HgCl... and | 
fuming IICl forms cacodyl chloride. The Jaltor j 
is coiivorlod into CJicodyl oxide by distilling j 
with aqueous potash in a current of CO^ 
(Baeyor, A. 107, 282) : 2AsMc..C)l i- 2KII.0 =» 
H,0 + 2KCI-f-(AM.M(‘,),0. 

PropotieR. Pungent, stinking oil. Slowly 
oxidises in air forming caeodylio acid. Acids 
convert it into salts of cacodyl. 

Compmnuh. — Forms witli IfgCU a com¬ 
pound (AsMc.J,.,02ITgCh, crystallising in trU 
ractrio platr>s. S. 8-i7 at 100°. Distilled with 
fuming llCl this forma cacodyl chloride.— 
(AsMei,),j02lfglhv..— (AsMo^)..O^AgN 03 : explodes 
at 100°. — (AsMe.).,OrtCLaq : red-brown pp. 
converted by KDr into (AsMe.^).prtBr._{aq, end 
by KI into (AaMe.)„01’tIo. 

Bi-methyl-arsine chloride AsMe.Ol. (c. 100°). 
V.D. 4’5() (calc. 4'85). Obtained from cacodylie 
acid as aliove; or by action of chlorinc-watcr 
on cacodyl.— Ho.avy oil; attacks tlio mneoug 
membrane; combines with01. forming AsMc^Clj. 
Zn, Sn, and Fo lihovate As..Me,. 

Componnd^i. — AsMe.ClCuCl (Dunsen).— 
(AsMeXlloPtCI^. 

Bi-inethyl-arsine bromide AsRfe.Br.'yellowoil. 

Bi-mothyl-arsine iodide AsRh'.T (100°); oil 
(Cohours a. Ilichc, A. 92, 80J). 

Bi-methyl-arsino cyanide AsMe^Cy. [.3.3°]. 
^140°^. V.D.-K^. Prisms. Excessively poisonous. 

Di-methyl-arsine sulphide (AsMe,,)^ S. Com- 
bines with S to form (AsMe.).S. fo0°J. 

Bi-methyl-arsine fluoride AsMo^P. Liquid. 

Bi-inethyl-arsine tiichlorido AsMeXIg. 
Cacodyl trichloride. From PCI, and cacodylie 
acid; or from cacodyl chloride and C!o. 

Peactio^is, —1. At 50 ’ it splits up as follows: 
AsMejClj^MeCl-t* AsRlcClj.—2. With water it 
forms cacodylie acid. 

Di-methyl-arsinic acid AsMexO(On). Caco- 
dylw add. Mol. w. 138. [200®]. 

Fonm^hoH.—From cacodyl and HgO in 
presence of water. 

Propertm. - Large prisms (from alcohol), 
without odour, but poisonous. V. sol. water, 
m, sol. alcohol, insol. ether. Not acted on by 
fiNOy, HCi, aqua regia, KMnO^ or CrO). 
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oxide.—3. Aqueous H,S forms oSoodyl sul¬ 
phide.—8. An alooholio solution gives with 
alcoholio HgGlj a pp. of (AsMe^^ljOsHg^OI,.— 
4. Gacodylates are converted by dry HjS into 
thio-cacodylates; e.g. (AsMo-^SJ^Pb.— AsMeaS,Ca. 
—(A8Me.^Sa)sSb.—(AsMcgS-JaBi.—AsMejjS-^u. 

Salts.—Soluble in water, but amoi^hous. 
AgA'; needles.—AgH-^A'g: needles.—AgA'AgNO^. 

Compounds. —HCI forms a crystalline com¬ 
pound (AsMe.O^HHCl) decomposed by water. 
This compound distilled in a current of HOI 
splits up thus: AsMe, A,H IICl + 2HCI» 
A 8 MeCl 2 + MeCl-}-2H.A— IIA'HP; prisms. 

Tri-methyl arsine AsMe^. Mol. w. 120. 
(c. 100®). Formation. —1. 2AsCl, + 3 ZnMe 2 « 
SZnCl^ + 2A8Me, (Hofmann).—2. From AsMoJ 
and solid potash (Cahours, C. B. 49, 87). 

PropMcs. —1. Combines directly with 
Cl„ Br,, L, S. and 0. 

Iodide AsMejI,. Splits up on distillation 
into Mel and AsMe.J, cacodyl iodide.— Oxide. 
AsMOaO: deliquescent crystals.— Sulphide 
AsMcjS: prisms (from alcohol).— Bromide 
AsMeaBr^. 

Tetra-methyl-arsonium iodide AsMeJ. 


Formation. —1. From sodium arsenide and 
McI at ISO®, and treating theproduct (AsMo JAsI,) 
with KOH (Cahours, C. H. 30, 1001; A. 122,192). 

Properties.- Plates (from alcolml mixed with 
Mel). 

Combinations. — AsMejr... — (AsMoJ).,Znl3, 
-(AsMe,I),Cdl2.—AsMcJAsT*. 

licactions. —1. With ZriMe^ gives AsMej(^ 
(Cahours).—2. KOH no action.—8. Moist Ag^U 
gives AsMojOH, deliquescent alkaline crystals.— 
4. Ag.^SO, gives cvyslallino (AhMoJ.^S 04.— 
6. AgNOj forms crystalline ApMgjNOj. 

Fenta-methyl-arsenide AsMe.. From AsMe J 
and ZnMe.^. With iodine forms McI and AsMe^I; 
with HCI forms CH^ and AsMc,Cl (Cahours). 

Bi-methyl-ethyl-arsine. — AsMeJilt. From 
AsMo.J and ZuEt^. Liquid (Cahours). 

Methyl-di-ethyl-arsino AsMeEt^. From 
AsMelj and ZnEt. (C.ahours). 

Bi-methyl-di-ethyl arsonium salts. 

Iodide. —AsMe-^EtJ. Fromcacodyl andEtl, 
thus: As.^Mc^-f-2EtI*AsMe.^EtJ +AsMe^Cl (Ca¬ 
hours a. itiche, C, B. 89, 541). 

Hydroxide: very deliquescent. 

Chloride AsMo^t^Cl: deliquescent needles. 

Platino-chloride (A8Mc,EtXl)2PtCl4. 

Bromide AsMe.Et^Br: deliquescent. 

Jodiitfe AsMcJ'ILI : prisms. 

Periodide AsMe^EtJ^: lustrous prisms. 

Nitrate AsMe^Et^NO,: deliquescent grains. 

Sulphate (A8Me2Et2).SO|: octahedra. 

Ethyl-arsine iodide A«EtL. From AsEt,! 
and l-i (Cahours, C. R. 50, 102*2; A. 116, 367). 
With moi§t Ag^O it forms the acid AsEtO(OH)2. 

Ethyl-arsine chloride AsEtCl,. (166®). From 
HgEt, and AsCl, (La Coste, A. 208, 33). Liquid, 
m. sol. water. 

Ethane arsenic acid EtA80(OH)2. From the 
preceding by the action of diluted HNO,. SmiU] 
crystals (from alcohol). —Ag^A": pearly scales. 

Tetra-ethyl-di-arsenide As^Et,. Mol. w. 266. 
(185®-190®}. From an alloy of ai^onio and sodium 
on Etl (Landolt, A. 89, 319). Heavy stinking 
oil, takes fire in air. Keduoes salts of silver and 
merenry. Unites directly with snlphnr tad 




^ ABSESiO COMPOUNDa, QRaANIO, 51 » 


baiomaa. AlobhoUo HgCa. j^yea » orystaUine 
AsEtiOltSHg^om. 

Iodide AbE^I. (o. 230^). Oil. 

Di-ethyl-arsinio acid A8EtjO(OH). [190°]. 
From AsEtj and HgO under water (Landolt, A. 
92, 866). Large plates, soluble in water. Not 
attacked by HNOg or aqua regia. 

Salts.—BaA'JIA'2aq, Very sol. in water, 
difficultly sol. in alcohol. 

Tri.ethyUarsiae AsEL. Mol. w. 162. 
(140°-170°). S.G. H 1-151. V.D. 5-28 (calc. 
6 - 62 ). 

Fonnation.~-1. From AsCl, and ZnEt, 
(Hofmann a. Cahours, 0. B. 11, 831).—2. To¬ 
gether with As^Et 4 bythG action of EtI on an 
alloy of arsenic and sodium.—3. By distilling 
As£t 4 l with solid potash (Landolt, A. 89, 322). 

Properties.—Oilof disagreeable odour. Fumes 
strongly in air. Combines directly with non- 
metals. Boos not reduce ammoniacal silver 
nitrate (differonce from ASgEt^). 

Combinations, —AsEtilir^^: deliquescent.— 
AsEt,!,. [160°]. (190°). (Cahours a. Kiche, 
A. 92, 365).—AsEt^S. [c. 100°]. Prisms (from 
ether); pps. sulphides from solutions of metallic 
salts. — (AsEt.).PtCl... — (AsEt,),lHCL. — 
(AsEtJ.PdCl., (Cahours a. Gal, G. It. 71, 208).— 
(AsEt,6AsEt;CJJIg„Cl..(?). — AsEtaAuCi. — 
A8Et,PEt,(C,H,Br)Br.' 

Tri-ethyl-arsine oxide AsEtaO. Fonned by 
exposure of an ethereal solution of AsEt., totlie 
air. An oil, insoluble in acids, except UNO.,. 

Tetra-ethyl-arsonium iodide AsEt,!. 

Formation. — 1. From AsEt., and l-’ll 
(Landolt,.!. 80, 331).—2. Arsenic with EtI at 
180° gives red needles of AsEt,! As!.,, which is 
then boiled with potash (Cahours a. Riche, C. if. 
39, 616).—3. An alloy of arsenic with Zn or 
Cd heated with EtI gives (AsEt,l).ZnI. or 
(AsEt,I)-^CdI;,; tlicse arc boiled willi poCasli 
(Cahours, A. 122, 200). 

Properties. —Needles, v. sol. water and 
alcohol, in sol. ether. 

Reactions. —1. With moist Ag._,0, gives an 
alkaline hydrate.—2. Cunilines with L forming 
brown needles of AsEt,!^. 

Tetra-ethyl arsonium ealta (Landolt, A. 
92,371). 

Chloride AsEt,C14aq: deliquescent crys¬ 
tals, insol. ether. -(AsEt,CI).(I3iCl:,)., (Jorgensen, 
J.pr, [2J 3, 346). 

Platino-chloride sl.sol. 

cold water. 

Bromide AsEt^Br: deliquescent mass.— 
<AsEt4Ur),(i:iiCL),. 

Sulphate AsEt,SO.,H: grains, v. sol. water 
and alcohol, si. sol. etlicr. 

Bromo - tetra - e^hyl • arsonium bromide 
(CH 2 Br.CH.^)AsEt 3 Br. From ethyloiio bromide 
and AsEt., at 50° (Hofmann, Pr. 11,62). 
Bhombic dodccahedra (from alcohol).* V. sol. 
water, si. sol. alcohol. Aqueous AgNOj pps. 
half its bromine as AgBr. 

Reactions.~l. With moist Ag.G it gives vinyl 
Criethyl arsonium hydroxide, C 3 H.,AsBt 3 (OII). — 
2. With AsEtj it gives As. 4 (C. 4 H,)EtJlr. 3 .—3. With 
ammonia at 100° it gives a compound 
KAs(C 3 H 4 )Et,H 3 Br.j. This compound and the 
preceding are converted by Ag^O into oxides 
and thence into platinochlorides {e,Q, 
)IA«{0«HJEt,HgCl,PtClJ and other salts.— 


4. Audt gives crystals of AsEtgAuOt.— 6 . PtOL 
gives crystals of A 83 Et.Pt (Hofmann, A. 
108, 867). 

Bi-methyl-di-isoamyl-arsonium iodide 
AsM 63 (G 3 H||) 3 l. From cacodyl and iso-amyl 
iodide at 180°, as follows: As.Me, + 20.,,H„Ia 
A 8 Me 3 (Cj,H,,) 3 l +AsMcA (Cahours a. Biciie). 

Tri-propyl-arsine AsPr,. At 180°, arsenia 
combines with Prl fonning AsPrjTAsI,. Dis¬ 
tilled with solid pot.'ish, this gives AsPrj, (Ca- 
hours, C, It. 76, 1383). Arsenic ads similarly 
on isobutyl iodide at 180 ’ (Caliours, C, R, 77, 
1406). Calcium butyrate distilled with Aa^O^ 
gives a distillate resembling Cadet’s liquid, pro¬ 
bably containing the propyl Immologiu-s of caco¬ 
dyl compounds (Wolilcr, A. 68 , 127). Potassium 
valerate distilled with As./),, appears similarly 
to give ‘ butyl-cacodyl ’ derivatives (Gibbs, Avu 

5. (2] 15. 118). 

AROMATIC DERIVATIVES. 

Michaolis, A. 201, 184; 207, 
195; 208, 1; 233, 60; B. 8 , 1316; 9, 1666 ; 10, 
622; 11, 1883; 13, 2176; 14, 912; 15, 1952, 
2870 ; 18, 42; Costc, A. 181, 1 ; 208, 1 , 

Di - phenyl - di - arsenide C.,ll,,Asi:As.C„IIi. 
Arseno-henzenc. [106°J. Prepared liy reduction 
(best with phosphorous acid) of an alcoholic 
solution of phenyl-arsino oxide (Mi<diaeli 8 a. 
Schulte, B. 11 , 912; 15, 1952). Yellowish 
needles. Sol. benzene, chloroform, ancl CS^; si, 
sol. alcohol, insol. water and etlu'r. On heat¬ 
ing it gives triphonyl-arsiiic and arstmlo. 

Rt'aciUms, —1. Heated with I mol. of sulphur 
phenyl-arsine suljdiide ia formed, with moro sul¬ 
phur, })hcnyl sulphide and AsoS^. — 2 . Alcoholic 
NHjHS reduces it on heating to beti/eno, As^S^, 
and As; III acts in a similar manner.—3. On 
oxidation it gives bcnzcne-arsonic acid.—4. Com¬ 
bines directly with halogens. 

T)i-iodidc. —Ph.AsI.Asl.Ph. Y%dlowneedles. 
Very unstable. Prepared by reduction of phenyl- 
arsine iodide (which is formed by dissolving 
phenyl-arsino oxide in HI). 

Pheayl-arsine chloride PliAsCl . (c. 253°). 
Oldainod in tlujoretical quantity by lieating AsOl, 
(800g.) with IlgPh^ (70 g.). Colourless li(|uid with 
unpleasant odour; insol. water, sol. KOllAq. 

Phenyl-arsine totra-chloride PliAsCl,. [45°], 
Formed by passing Cl into the pnieeding at 0°. 
Yellow needles, fuming in moist air; readily 
decomposed into Cl,, and PliAsCla; wlien heated 
at 150° it gives C^HjCl and AsCI,. 

Phonyl-arsine bromide PliAsBr.. (285°). 
S.G. ^-2’10. Colourless liquid j[jirmod by the 
action of cone. llBr upon PliAsO, Gives with 
bromine AsBr,and PliBr. 

Phenj’l-arsinc iodide PhAelj. Oil. 

Phenyl-arsine oxide PhAsO. [120°]. Formed 
by treating PliAsCUwith Na^COj. Crystals (from' 
alcohol); smells like uuiso; insol. water; si. sol. 
cold, m. sol. liot, alcoliol; sliglitly volatile with 
steam. Hcateil with IICI it forms I’liAsClj. 
Above its melting-point it decomposes tlius: 

3Ph.\sO - AsPh, + Ah^Oj. 

Phonyl-arsine oxy-chlorida IMiAsOCl,. [100°J, 
Formed by decomposing the tctracliloride wiui 
th(5 theoretical quantity of water; or by the union 
of chlorine witli the oxide. Crystalline; dis- 
.solved by water, being converted into benzena 
arsonic acid. At 120° it splits up thus: 

Ph AsOClj - PhCi+AsOCl. 
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Bmuft&e^ioiiie mH O.HtAsOfOH},. 
Fonned hj disaolving FiiAB0l4 or PhAsOOl, in 
water. liong columns; begins to soften at 138^ 
changing to an amorphous anhydride^ which 
is re*oonvGrtcd by water into the acid. M. sol. 
oold» V. sol. hot, water. 

lieaciiofis.- 1. Not affected by reducing or 
oxidising agonts.->2. Potash fusion produces 
phenol. 

8aItB.-NH,HA": needles.-KHA": amor- 
phous.—BaH.A"j.: needles, v. sol. water.— 
CalljA'^J needles.—CaA'''2aq.—CuA"; v.sl.sol. 
water. -ri)A": insol. wati^r. 

Tetra-phonyl-di^arsenide As ,(CJI.,) Phenyl- 
cacodyl. Formed by reduction of tetra- 

phcnyl-di-arsine oxide with jjhosphorous 
acid. White crystals. SI. sol. alcohol and 
ether. It quickly oxidises in the air, forming 
di-phenyl-arsinic anhydride {PhjAs/)^). 

Di-phenyl-arsine chloride PhAsCl. Phenyl- 
cacodyl chloride. (.‘133”). S.O. Pre¬ 

pared by healing llgPli^^ with a large excess of 
PhAsCl. at 320”. The product is then fraction¬ 
ally distilled. Yellow oil, insol. water, sol. alco¬ 
hol, ether, and benzene, si. sol. a(iucous alkalis. 
Not affected by heating with Nii.CO;,. Combi !ics 
with bromine and chlorine. Cone. HNO^ slowly 
converts it into di-phenyl-arsinic acid. 

Di-phonyl-arsino trichloride PhoAsClj. 
[174°]. From the prcc(Mling and chlorine. Colour- 
loss tables (from bcnz(tnc). At 200° it decomposes 
thus: Ph.AsCl,« PhAsCL + PhCl. 

Di-phenyl-arsine chloro-bromido PliAsClBr.. 
Formed by passing dry bromine-vapour into 
Ph^AsCl. Excess of Ur induces di-broino- 
benzene. 

Tetra- phenyl-di-arsine oxide (Ph As)p. [02°]. 
Formed by heating PluAsCl with alcoliofic KOII. 

Di-phenyl-arsine bromide Pli .Aslir. (350°). 
From the oxide and 11 lir. 

Di-phonyl-arsino oxy-chlorido (Ph..AsCl..)..0. 
[117°]. From the oxide and chlorine. 

Dl-phonyl-arsiaic acid Plr.AsO.Oil. [174°]. 
S.O. _l-56. From tho oxy-clilorido or llin tri¬ 
chloride hy tho action o[ water. White needles; 
sol. water and alcohol, si. sol. honxeno and ether. 
Not attacked by CrO,, or boiling cone. UNO.,. 

Salts.—NaA'.— AH,A': unstable foatliory 

crystals.—BaA',.—CaA’.,.—IIO.C hA'.—ArA'.— 
PbAV 

Tri-phenyl-arsine Asl'h,. [C!)”]. (above 300 °). 
S.O. l-ilOG. Prc])arod hy heating phenyl-arsino 
oxido at 200°, thus; 3 PhAsO = Asl'h., + As,,O,- 

More readily By the action of sodium (.10 g.) on 
AsClj (6-1 g.) and chloro-bonscno (101 g.), diluted 
with 4 vols. dry ether. Is also a by-product in 
preparingrh-AsCltromPhAsChaiid llgl’ln. Tri- 
clinic cry.stals isomorphous with HbThj (Philips, 
U- 10, 1031). Insol. water and dilute acids, 
V. sol. hot alcoiiol, benzene, and ether. With 
HgCl„ it forms leallots of AsPli.,HgCl., whence 
aqueous KOFI forms Asrh,(OH),„ [108>], thus : 
AsPhjHgCl.^ + 2KOH=AsPh,(01I).. + 2KC1 + Hg. 

Tri-phenyl-arsino chloride PhjAsClj. [171°]. 
From AsPlcjand chlorine. Tables; deoomposed 
at 280° into Pli-AsCl and PhCl. 

Tri-phoayl-arsiue sulphide Ph,AsS. [162°]. 
Prepared by digesting Ph,As with 8 dissolved in 
CS*; or by action of ammonium sulpiiidu on 
rhiAsCl]. Silky needles, insol. water and ether. 


Tti-plenyl-awia* cry-nltnltt 
{O.HJ,Aa(OH)NO,. [84°]. Formed by adding 
HNO, to an aqueous solution of the hydroxide 
(C,Hj,Ae(OH)j (Philips, B. 19, 1083). Long 
glistening needles. V. sol. alcohol, si. sol. water. 

Tri-nitro-tri-phenyl-arsine oxide 
(CaH^.NOJaAsO. [254°]. Formed by nitration 
oftri.plicnyl-ar8ine-hydrato,(C.Ha)jAs(OH)a,with 
HNOa and lI-^SOj. Nearly colourless large crystals. 
V. sol. acetic acid, insol. alcohol and ether. 

Tri-amido-tri-phenyl-arsine (C.H^.NHJjAs. 
[o. 170°]. Formed by reduction of tri-nitro-tri- 
phenyl-areino oxido (C.Hi.NO.,)„AsO with tin and 
HCl in acetio acid solution (P.). Colourless 
crystalline solid. V. sol. alcohol and dilute 
acids, insol. water. 

Salts.—B"'iIjClj; crystailino solid, easily 
soluble in water and alcoiiol.—(B"'H 3 Cl,) 2 (PtCl,)j: 
yellow pp., insol. cold water. 

Tri-acetyl-derivative (C,H,.NliAc),,A3. 
[o. 230°]. Very sparingly soluble in alcohol, 
more easily in acetic acid. 

Tri-p-ethoxy-tri-phenyl-arsine 
(EtO.C,|H,),A3. Tri -plienetyl - arsine. [89°]. 
Formed by the action of sodium upon a mixture 
of p-bromo-phenotol and AsCL (Miohaelis a. 
Weitz, B, 20, 62). 

tri-p-methoxy-tri-phonyl arsine 
(McO.C„II,).,As. Tri - anivjl - arsine. [150°]. 
Obtained by tlie action of sodium upon a mix¬ 
ture of p-bromo-aiiisol and AsCI, containing 
some acetic other. Transparent colourless 
crystals. V. sol. benzene, si. sol. alcohol and 
ether. HI splits it up into di-anisyl-arsine 
iodide (C 3 lI,.OMe).AsI and anisol; by longer 
and higlier lieatiug anisol and Ash, are formed. 
By licating with an excess of AsCI, it 
yields anisyl-arsino cliloridc 0,H,(OMo).A3Cl., 
(Miehaelis a. Weitz, B. 20, 48). 

Di -p-inothoxy - di - phenyl - arsine chloride 
(C„H,.O.Me).AsCI [1:4]. Bi-anisyl-arsine chloride. 
[80°]. Formed by dissolving the oxido in IICl. 
Long tliin needles. V. sol. ether, le.ss in alcohol. 

Di-methoxy-di-phenyl-arsine oxido 
{(C„H,.OMe)A 3 i .30 [1:1]. Di - anisyl - arsine 
oxide. Tetra-anhyl-di-arsine oxide, [130°]. 
Crystalline. Formod by the action of alkalis on 
tho iodido whicli is obtained by heating tri- 
anisyI-arsine witli HI. 

7)-Methoxy-bcnzene-arsine chloride 
Q,l'l|(t).Me).AsCL [1:4], p-Anisyl-arsinechloride. 
(230° at 117 mm.). Colourless liquid. Formed 
by Iioatingtri-anisyl-arsine (C 6 H 4 . 0 Mo) 3 A 8 with 
an excess of AsCI, at 200°. Alkalis yield the 
oxide CgH,(OMe).AsO, a colourless crystal- 
lino solid. It combinfs w'ilh Clo to form 
which is a tliick yellow liquid 
decomposed by water giving anisyl-arsinic acid 
C„H,(OMe).AaO(OH),. * 

jfj-Methoxy-benzene-arsonic acid 
(C,iH^.O!Me).AsO(OH) 5 j. Anisyl - arsmio acid. 
[100°]. Formed by the action of water upon 
the chloride CaH 4 (OMe).AsCl 4 . Colourless orys- 
talLnc solid. Sol. hot, si. sol. cold, water; t, 
sol. alcoht I. On heating it gives the anhydride 
CjH((0Mc).A 802.—Ag.A": white pp. 

Phenyl-di-melhyl-ersine PhAsMe,. (200°), 
From ZnMoj and FliAsOls. Mobile liquid, soU 
alcohol and benzene, insol. water. 

Phenyl-tri-methyl-areoniam iodide 
PhAsMe,!. [244°]. From the preceding and 
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MdL White needles; loL Water and aleobol, 
iasol. ether.—(PhA8Me,Cl)jPt01< [219®]; ▼. sol. 
hot water. 

Oi-phenyl-methyl.arBine Ph^AsMo. (306®). 
From PhjAsCl and ZnMo 2 in benzene (Michaelis 
s. Link) A. 207,199). Insol. water. 

Pi-phenyl.di-methyl.arsonium iodide 
PhjAsMe^.I. [190®]. From tlie preceding and 
Mel. Needles; si. sol. cold, v. sol. hot, water. 
Decomposed by heat into Mel and Ph AsMe.— 
(PhsAsMeXljjPtCl, [219®]. 

Phenyl-di-othyl arsine PhAsEt.. (210^). 
From PhAsCI._. and ZnEt.. Colourless liquid. 
Combines with Cl, forming PliAsKt Cl.. 

Phenyl-tri-ethyl-arsonium iodide PhAsEtJ. 
[113®]. From the preceding and J-itl at 106®. 
Prisms, turned yellow by sunliglit; sol. water 
and alcohol, insol. ether. Focotni.nised when 
‘heated in an imlilTennl gas into Ktl and 
PhAsEt.. Gives with AgCl the chloride 
PhAsEtaCl; whence (PIiAsKt^dj.^PtCl,. Gives 
with Ag„0 the hydroxide PliAsEt;,01I, an 
alkaline syrup, al'Sorbing CO^ from the air. 

Di-phenyl-othyl arsine PhAsEt. (320°). 
From Pli.AsCl and ZnEt^. Colourless liquid. 

Di-phcnyl-othyl-arsinc chloride Ph^.AsEtCls. 
[137°J. l^rom tlio preceding and Cl. Needles 
(from benzene); fumes in the air; decomposed 
by water. 

Pi • phenyl • di • ethyl • arsonium iodide 
PhjAsEtJ. [181’]. From PhAsEt and I'Ul. 
Flat while needlo:!. 

Di - phenyl -methyl - ethyl • arsonium iodide 
PhAsMcEtl. [170°]. S. 1-1 at 15°; 81-1 at 
lot) Fiom Ph.AsMe and EtI or from PhAsEt 
and Mol. Trimotric prisms; insol. ether. 
Split up by heat into Ktl and PliAsMe. 
Derivatives. —(PhAsMeEl).,PiCl,;. [214°]. 
Picrate P]i,AsMeKt.O.C,lL(N 02 ).v [95°]. 
SI. sol. cold water. 

Tolyl-arsine chloride C^HAsCl... 

OrfAo (265°). 7Vim [31°].' (20*7°). 

From AsCl;, and mercuric di-to!yI (o- or p-). 
Bromine converts tliem into di-bromo-toluenes. 
Tolyl-arsiue tetrachloride C^IljAsCI,. 
Tolyl-arsine oxide C^H-AsO. 

Ortho [1'15°J. Para [166°]. 

From C.HjAsCl.^ and aqueous NaoCOj. Com¬ 
bine with Ch, forming oxy-chlorides. 

Toluene arsonic acid Cn.,.C,;fT,.AsO(OIT)._,. 
Or/7to [100°]. The para comjtoiiml decomposes 
above 300° without previous fusion. • 

From the totrachloride or the oxychloride, 
O 7 H 7 ASOCI 2 , by treatment with water. 'I’he 
ortho acid forms a crystalline anhydride 
C^HAsO^.-Ag, A". - BaA".-CaA" (La Costo a. 
Michaelis, A. 201, 255). 

Di-p-tolyl-arsiuo .chloride (C.n.)AsCl. 
(c. 343°). From CJlAsCl^ and ]lg(C,H;),. 
Liquid; not aff^'cled by aqueous Na^COa- 
Chlorino gives (C.M.).AsCl 3 . * 

Tetra-p-tolyl-di-arsinowi oxide {(C.II.)As) 20 . 
[08°]. Silky needles (from ether). Obtained 
by boiling the preceding with alcoliolic KOH. 

Di-iJ-tolyl-arsinic acid (CJi.fAsO.Olf. 
[167°]. Formed by boiling (C.IL).A 8 Cl 3 with 
water. Oxidised to ‘ dibenzarsinic ’ acid. 

Tri-p-tolyl-arsino (C;H,) 3 As. [145']. Obtained 
by heating C.ITjAsO. 

Tri-p-tolyl-arsine dlchloride (C;n,) 3 A 8 Cl 2 . 
1814°]. Not attacked by water. 

VoL. I. 


|).Carbozy-phenyl.ar 8 ine ehlorlda 

C 02 H.CgH 4 A 5 Cl 2 . [168°]. From the oorroapond- 
ing iodide and AgCl; or from-the ])roducf 
(C 0 C 1 . 0 ,H 4 .A 8 CU (?) of the action of PCI, upon 
COMn.CjE,ABO( 6 H)j by treating with water. 
Needles (from benzene); decomposed by water. 

o-Carboxy-phenyl-arsine iodide 
CO.H.CJd,AsI.. [153°]. 

From CO„lI.C,,II,.AsO(OH), by HI and P. 
Yellow needles (from .chloroform). 

p-Carboxy-phenyl-arsiuo hydroxide 
COdf.(’.,M ,As(OH}.m Uenzav mioHs n. a/. From 
tiu! prt'ta iling by lieating with aijiuoii-i XirCG^. 
Colourless needles (from watei-). At 115 ' 160° 
it give.s oil 11..0 leaving the oxide 
CO.dl.Cyi^AsO. - Ca(C.H„As(),).,-\q; plates; 
changing at 200 ° into Cui^fMIiAsOa)^.— 
AgC.lI.AsU;,. 

p-Carboxy-benzene arsonic acid 
CO._.lI.C,il^^As()(Oll)M. Bi')t~ursinicaci<J. Formed 
by oxidising toluene arsonic acid with alkaline 
KMuOj. Transparent interlaced iwM'dhs; m. 
sol. water, v. si. sol. alcohol. At 190° it heconu's 
CO,lI.C,n,AsO..; at 230° it gives olT ben/.oio 
acid. — AgsA'" - CariA'"aq. — KJf,A"V — 
MoIIA'". 

2 J-Di-carboxy-di-phenyl-arBino iodide 
(COJI.CJI,)AsT. [above 2.S0°]. From 
(C'OJI.C,II,),AsO.OII, cone. Ill, atid P. Con¬ 
verted by a(ine(*ns NuXlO;, into the hydroxido 
(CO.,II.C,.Tl,).,AbOH. ‘{Dibcu^iirscuious acid ).— 
CaA''2aq, 

p-Di-carboxy-di-phettyl-arsiiJic acid 
(CO.Jl.Ci.il i)AsO.()l{. acid, 

Fvirme.d from (CJI;).;AsO.()ll ami alkaline 
KMnO, at 60°. Lcailets, insol. water, b1. boI. 
alcohol.—Me.HA'" [above 2S()-’]. 

/j-Tri-carboxy-tri-phunyl-arsine 
(C()JT.C,.T1 ,);,As. Trilic>i.:itrsi'nious acid. From 
the folh>winj» acid and JII. Small colouriesa 
needl('s.—Na;,A'" 2aii. - Ag.,A'". 

p-Tri-carboxy-tri-phonyl-arsino hydroxide 
(COoll.C,iH,),As(OII) 2 . Tnhi')r:ar.‘iiiiic acid, 
]'’rom tri-tolyl-arsine and alkaline KMnO,.— 
(CO, 1 C.C, 1 I,) 3 AsO. 

Bcnzyl-arsino chloride PIiCIIAbCI^. (175°) 
at 50mm. Formed hy healing tri-benzyl-arsino 
with excess of AsC!.,. I^asily oxidised by air; 
PhCH^AsCl.^ + 0 = PhCILCl + AsOCl. 

Di-benzyl-arsinic acid (Ph.C fl ,),AsO.OH 

[ 210 °]. 

Pre 2 >aration.— ^o<\i\im [50g.) acting upon a 
solution of benzyl chloride (JOOg.) and AsClj 
(72g.) in dry oilier (500g.)contai^i3..ra(.rli^- ether 
{5g.) /(.nils (PliCJl.J.As, (PhClIJAsCIa, and 
(PhCTIJ-,AsCI.,. AI(!ohol lixtracts the lirst, and 
comvctIs the two hitter into (PhCH^l.^AsCItOH)., 
and (l'liCIL).,AsCl(OH) respectively, and they 
are then converted hy aqueous NaOM into 
(PliCH ). As{).()Xa arm {PhCHdaAsO (Micliaelia 
a. Paetoff, A. 23.3, 00). 

Propcj/it’.':. — JV'arly white plates (from ah 
cohol); attacks Iho mucous memhranc; v. sol, 
hot alcohol, m. sol. hot water, si. sol. ether, 
■When strongly lieatod it gives benzoic aldehyde 
and dibenzyl. 

Salt B.—BaAV 8 aq.—CaA'.^ 6 aq.—AgA'. 

Reactions .— 1. Cone. IICI forms AsClj toln> 
one, and benzyl cliloride.-- 2 . Jh.iUng dilute 
HNO 3 has no etiect; HNO^ of S.G. 1*3 forms a- 
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forms beozoie Mid ftrMmoaoids.~-8. Gom- 
)ines with HCl forming (PhCHt) 2 ^Cl(OH), 
which orystalltses from aqueous HGl in needles 
[128®]; this is decomposed by more water, 
giving (PhCH.J^AsO.OH again.—4. IIBr forms 
(PhCHj,AsO(OH)nBr. 

3)i<]tonzyl-thio*arsinio acid (PhCnj)^AsO.Sn. 
[109®]. From di-benzyl*arsinic acid and H^S in 
alkaline solution. 

Tri-benzyl-arsine (PhCrL);,Afl. [104°]. The 
preparation is described under di-benzyl-arsinic 
acid (v.sj/p.). Moiioclinic needles (from alcohol). 
Insol. water; v. sol. ether, benzene, and glacial 
acetic acid; si. sol. cold alcohol. Like AsMe^, 
but unlike AsTIi,, it combines with alkyl iodides. 
It is not affected by boiling cone. HCl. It com¬ 
bines with H and halogens. Boiling dilute UNO;, 
forms benzoic and arsenic acids. An ethereal 
solution gives with an ethereal solution of 
HgCl., a pp. of (P]iCIL).,A 8 ngCl., [loO®]. 

Tri-benzyl-arsine oxide (P]iCH.J.,AsO. [220®]. 
From tri-bcnzyl-arsine chloride or oxychloride 
by treatment with alkalis; or together witli di- 
benzyl-arsinio acid by the action of wet ether 
upon the product of the action of sodium upon 
benzyl chloride and AsCi.,. Prisms (from dilute 
alcohol); v. e. sol. alcohol, si. sol. water and 
ether. 

Tri-benzyl-arsino oxy-ehloride 
(PhCIL);.AsCl(OH). [10;{°]. Formed by union 
of HGl with the preceding. V. o. sol. alcohol; 
insol. dilute HGl. 

Tri-benzyl-arsine oxy-bromide 
(PhCH«) 3 AaBr(On). [120°]. Tables (from alcohol). 

Tri-benzyl-arsine iodide (PhCIl.laAst^. 
[c. 95°]. Formed in impure condition by action of 
aqueous 111 on theoxi<lo. Converted by alcohol 
into the oxy-iodide, (rhCH.,),,A 8 l(OH) aq [78°J. 

Tri-benzyl-arslnc-oxy-nitrate 
(PhCH,).,As(N 03 )( 0 H). [170®]. Slender needles 
(from alcohol). 

Tri-benzyl-arsine sulphide (PhCIL),,AsS. 
[214°]. Prisms (from glacial IIOAc). insol. 
alcohol and ether. 

Tri.benzyl-methyl-arsonlum iodide 
(PhCH. 3 )jA 8 MoI. [143®]. From (PhCH 2 )jAs and 
Mel at 100°. Slender needles (from water). 
Gives with moist Ag,.0 the alkaline hydroxide, 
(PhCH,,)aAaMG(OU).' 

Tri-benzyl-metbyl-arsonium chloride 
(PhOHaljAsMeCl.f-Ol®]. — Platino chloride 
({PhCHj;»AsMe),Pl01«. [173®]. 

Tri-benzyl-othyl-arsonium iodide 
(PhCH^ljAsEtL ^148°]. White plates (from water). 

Tri-benzyl-propyl-arsoninm iodide 
(PhCUa) 3 A 8 PrI. fl4()°J. The isomorlde, 
(PliCll,),A 8 PrI melts at [143®]. 

Tri-benzyl-isoainyl-arsonium iodide 
(PhCH 2 ),As(C,H„)L [146°]. 

Tetra-benzyl-arsonium chloride 
(PhCrid^AsCl. [ICO®]. From (PhCIlJaAs and 
PhClLGl at 170®. Triclinio crystals containing 
aq (from water); insol. dilute IICl. Con¬ 
verted by aqueous KBr into tho bromide 
(rhCH 2 )^AsBr. [173°], and by aqueous KI into 
the iodide, (Pl»CH..)^AflI, [i63°], which forms 
a periodide, (PhClLl.Asf,, [150°J. Moist Ag,0 
forms an alkaline Ijvdroxido, split up by heat 
thus: (PhCJI,),AsOIl-PhCH, f (P]iCH..) 3 A 80 . 

Platinochloride (lPhCnj,A8),PtCl,. 


Bi-naphthyl di-anenida 

ArscTio^naphthalene. [221®]. Prepared bv heat* 
ing an alcoholic solution of naphthyl-arsina 
oxide with phosphorous acid fMicbaelis a. 
Schulte, B. 15, 1954). Slender yellow needles; 
b1. sol. alcohol, benzene, CSj and chloroform; 
insol. water and ether. Converted by Cl into 
Ci^H-AsOL. With sulphuritgivesCjjHjAsS. ItU 
oxidised by HNOa to naphthalene arsonic acid. 

Naphthyl-arsine chloride C,on,AsClj. [68®]. 
From mercury aj-naphthyl and AsClj. Crystalline 
powiler; insol. water, v. sol. alcohol. 

, Naphthyl-arsine oxide C,oH;A80. [246®]. 

: From tho j^receding by treatment with aqueous 
i Na.CO,. Powder; si. sol. alcohol, ether, and 
; water. On dry distillation it gives C, As, and 
naphthalene. 

I Naphthalene arsenic acid C,oII,AsO(OH)j, 

! [197°]. Needles. Formed by action of water 
I on Ci.JI.AsCl^, which is obtained by treating 
i C,Jl;AsCL with chlorine (W. Kelbe.B. 11,1503). 

! ASAFCETIBA. A gum-rosin obtained by drying 
thejuicccontaincd intheroototFeriUaasa/cotida, 
i a Persian plant. I'otash fusion gives resorcin 
I and protocatc(;huio acid. Asaftetida contains 
j ferulic acid (^.v.), but its odour is due to 3 p.o. 

I of an essential oil (135°-140°) which appears to 
bo a mixture of Ci JI^S and C, 2 lI...S 2 . Its alco¬ 
holic solution is ppd. by HgCij (Pelletier, BulL 
Johann. 3, 556; Johnston, P. M, I)ec. 1838; 

1 Hlasiwotz, A. 71, 23). 

ASABITE.—Impure asarono. 

ASARONE C,..H„03. [59®]. (296®). S.G. »• 
1‘165. Contained in the root of Asarum euro- 
p<cum. Needles or plates; v. sol. alcohol, ether, 
i and glacial HOAo, si. sol. hot w’ater (Mlanehct a. 

I Soli, i4.6, 296; C. Schmidt, A. 53, 150; Bullc- 
: row a. Itiz/.a, B. 17, 1159; Bl. [2] 43,114; Po- 
I Icck.P. 17, 1415). 

I ASCLEPIONE C,oH 3 . 03 . [104°]. Extracted 
i by ether from the coagulum got by heating the 
' milky Juice of Asclepias syriaca. Radiating 
crystals; insol. water and alcohol. Not attacked ’ 
by boiling KOHAq (List, A. 69,125; Gram, 0. C. 
1886, 735). 

ASEBOTOXIN. C. 60-5 p.c.; H. 7-4 p.c.; 

O. 32T p.c. [120°]. A glucosido extracted by 
water from the leaves of Andromeda japonica. 
Brittle mass. The addition of cone. HCl to its 
alcoholic solution gives a blue colour (Eijkman, 

P. 1, 224 ; Ph. [3] 13, 365). It is accompanied 

by a glucosido, asebotin C.iHohO,., crystallising 
in yellow needles [147*6®] and also by asebo- 
quercetin and asebofusoin CjgH.gOg 

(Eijkman, J. 1833, 1410; P. 2, 99, 200). 

ASH OF ORGANIC BODIES. 

The inorganic constituents contained in 
vegetable and animal ‘products are usually 
determined by incineration of tlie substance, 
and determination of the weight and composition 
of the ash. Tho first question to be considered 
is- Does this ash accurately represent the inor¬ 
ganic constituents of the substance? 
j Tho sulphuric acid originally present is un- 
i doubtodly but imperfectly represented. The 
: tendency to the reduction of sulphates .to 
' sulphides during ignition with carbonaceous, 
and especially with nitrogenous, matter, is 
generally overborne by the oxidation of the 
sulplmr contained in tho albuminoids. The 
sulphuric acid found in the ash is thus greater 
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tfcta that ongmally present; it entirely failSt 
however, to represent the salphnr present in the 
original substance; this must be determined by a 
special experiment. 

The carbonic acid originally present in the 
sobstanco is generally quite undiscovorable by 
an analysis of the ash. Carbonic acid may bo 
lost by the decomposition of calcium and 
magnesium carbonates during ignition; or by 
the decomposition of carbonates by the action of 
silica, or of phosphates containing less than 
three equivalents of base. On the other hand 
carbonates arc produced when tribasic alkali 
phosphates are ignited with carbon; they are 
also forjued in large quantity during the incinera¬ 
tion of organic substances containing nitrates, 
or salts of organic acids. Treatment of an ash 


Phosphmrio aoid m&y Im lost it aoid phot* 
phates are heated to a high temperature with oar* 
bonaceous matter. The alkali metals are also 
liable under some circumstances to suffer lost 
by volatilisation. 

The ash constituents are obtained with the 
smallest loss when the ignition is conducted at 
a low teni]>erature, preferably in a intillle. In 
some cases an excess of linio or baryta must be 
added to prevent losses of phosphorio acid and 
chlorine; this treatment also prevents the fusion 
of the ash (Streckcr, A. 73, 300). 

1. Asii OF Animals. —The proportion of ash 
in some of the principal parts and products of 
the animal body, and its percentage composU 
lion, are shown in the following table. Tha 
figures are taken from Wolff’s Aschen Anahjsen 


ASH OF ANIMAL PARTS AND PRODUCTS. 



Number 

of 

Anulyses 

Pure 
a-'li in 
1(10 tlry 
snb- 
slaiiue 

100 parts of pure ash coutnin 

K.O 

Na,0 

OiO 

MgO 

Fo,0, 

P.O. 

SO, 

SiO, 

Cl 

Blood, human. 

4 

_ 

2f)-() 

24-1 

0-9 

0-6 

8-2 

8-8 

7-1 

_ 

30-7 

„ ox ... 

1 

3-77 

7-(i 

450 

1-1 

0-0 

9-4 

S-3 

3-1 

0-8 

34-4 

„ calf , . 

2 

— 

11-2 

41-0 

1-8 

1-2 

8-3 

7-8 

1’3 

_ 

34-7 

„ ^hecp • • , 

2 

— 

7-] 

45-0 

11 

00 

90 

5-5 

1-9 

_ 

35-8 

». i>ig 

3 

4'29 

23-3 

29-4 

1*3 

1-4 

8-9 

122 

1-0 

— 

28-5 

„ horse . 

1 

— 

23*5 

21-2 

1-1 

O-B 

9-5 

8-4 

C-3 

_ 

28-6 


8 

__ 

37-1 

H9-9 

1-0 

1-1 

9-0 

12-0 

3-3 

_ 

.320 

Flesh of mammalia 

8 

4-32 

7-0 

10-1 

2-4 

3-2 

0-4 

41-2 

10 

0-7 

4-7 

„ fowls. . , 

2 

— 

30*9 

18-7 

3-3 

4-2 

_ 

30-4 

_ 

_ 

8-1 

,, marine fish . 

Moat extract . . » 

1 

— 

21*8 

14-9 

15-2 

3'9 

— 

.31-5 

_ 

_ 

11-4 

11 

20-89 

43-9 

12-8 

0-7 

3-1 

0-4 

29-8 

2*2 

0-9 

10-0 

Meat Hour . • 

2 

180 

5-4 

H-O 

22-1 

3-5 

13-3 

43-5 

1-2 

0-9 

1-8 

Bono of ox carcase . • 

1 

— 

__ 

- 

53*5 

1-0 

0-2 

40-3 

_ 

0-5 

_ 

Wool, unwashed « , 

3 

8-33 

70-4 

4-3 

21 

0-6 

0-7 

1-0 

4-7 

2-9 

4-6 

,, washed. • • 

Colostrum, cow • • 

1 

1*11 

19-1 

2-7 

24-7 

G-O 

18-2 

3-2 

_ 

25*3 

0-8 

1 

1-1H» 

7-2 

5-7 

34-9 

21 

0-5 

41-4 

0-2 

_ 

11-8 

Milk, human . • . 

4 

O-ID* 

33-8 

9-1 

l(!-7 

22 

0-2 

22-7 

10 

_ 

18-4 

„ cow . • • 

9 

0-72'^ 

2’1-1 

01 

23*2 

2() 

0-4 

28-0 

1-3 

_ 

13-5 

„ ewe • • • 

2 

0-73" 

21*3 

3’8 

2!>'3 

0-1 

1*0 

36-8 

10 

20 

7-5 

„ mare « • • 

1 

0-37* 

25-1 

3-4 

30-1 

3-0 

0-4 

31-9 

— 

_ 

7-5 

„ sow • • • 

1 

1-0.5* 

0-2 

6-7 

39-2 

1*8 

0-9 

37-2 

1-3 

_ 

9-3 

„ bitch . • • 

2 

0-73* 

11-9 

R-H 

3:)-7 

1-6 

0-1 

37-2 

_ 

_ 

131 

Whey, cow 

3 

Q-r,i* 

:io-8 

13-8 

19*3 

0-4 

00 

17-1 

2-7 

_ 

lS-8 

Hen’s egg, without shell. 

3 

3-48 

17-4 

22-9 

10-9 

1-1 

0-4 

37-6 

0-3 

0-3 

9-0 

„ whito 

3 

4-01 

311 

31-6 

2’8 

2*8 

00 

4-4 

21 

11 

28-8 

yolk 

8 

2-!H 


.7-9 

13-0 

2-1 

1-7 

05-5 

— 

0-9 

1-9 


* These numbers reprcscut per cent, of pure ash in fresh suUstiince. 


with ammonium carbonate, and re-ignition, is 
sometimes employed with the view of converting 
caustic lime and magnesia into carbonates. Such 
treatment converts sfilphides and cyanides into 
carbonates; sulphate of calcium is also partially 
converted into carbonate if only a small x^i opor- 
tion of alkali carbonate is present. Treatment 
with carbonic acid water is more free from objec¬ 
tion, but its action is slow. 

The chlorides found in an ash ngay bo below 
the truth from volatilisation of alkali chlorides, 
if too high a temperature has been employed ; or 
from loss of hydrochloric acid due to the action 
oi organic acids produced during the charring 
^ the organic matter; or from a similar action 
pf silica, or dibasic phosphates, at a high tem¬ 
perature. 


(1880), with the exception of the analysis of 
bone ash, which is quoted from C. J. 24, 80t. 
The bone-ash represents the mean composU 
. tion of all the carcase bones of the *fat ox* 
; analysed at Rotha?: sted. In this analysis, 

I alkalis, and sulphuric and carbonic acids, wen 
' not determined; the wliole amount of these con¬ 
stituents was, however, but 4*5 p.c. The ‘pure 
; ush ’ in WollPs Tables is exclusive of sand, 

' charcoal, and carbonic acid. 

The amount of ash yielded by the entire 
bodies of the principal animals reared on the 
farm, and its composition, have been determined 
by Lawes and Gilbert {T. 1883. 805); they also 
‘ separately analysed the ash of the carcase and 
I offal parts. Tlie percentage composition of the 
I ash of the entire bodies of calf, ox, lamb, sheep, 
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■l,i6l.Boi,i^e^oL 

l{aae<«o»4.>-i. Gives on oxidation bonzoio 
•eB and tri^pbenyl'CarbinoK—2. Heating with 
idoohoHo KOH pro<luce8 tri-phcnyl-inethane 
and beozoio acid (Zagumenny, Bl. [2] 81,330). 
8 . Reduced by HI to 5-t»;tra phonYl*ethane (?). 

BENZPINACONE i,e. 

Ph3.C{OIl).C(OH).Ph.;. Teira‘phmyl‘Cth}f!ene 
glyiMl. S. (luMizene) 3-S at 80'’; S. 

(HOAc) 8’7 at 118’; S. (!•.!» p.c. alcuhol) 2*5 at 
80’’. 

Fortttaiion. — From bonzophononc by ro- 
duoing the alcoholic soUaion with Zii and 
H^SOi (Linneinann, A. 133, 20) or u soUitioti in 
acetio acid (10 pta.) diluted witli water (2 pts.) 
with zinc (Zagumenny, J. Ji. 12, 420). 

Properties. —Minute jjrisnis, si. sol. boiling 
alcohol, V. 8oI. ether. On fusion it splits up into 
benzhydrol and Len/ophenono (Thorner a. 
Zincke, B. 10,1473). 

Reactions.—1. Chrumic acid oxidisi^s it to 
benzophcnonc.—2. reduces it 

to di-phcnyl*carbinol.- 3. Jtvudily conv<’Jtt‘d 
into (a) or (8) benzjuimeoline hy dehydi.ituMi; 
this is effected by B/(3, AeCl, dilute ii<*ids, or 
even by recrystallisatupti from alcohol (Za.).- 4. ' 
Ao,0 gives bcn/.hydrtjl and benzoplimono. - 5. 
HI and P at 170’ give telra-phcnyl-cthano 
(Graebe, B. 8. 1054). 

BENZ-ffRAMIDOXIM C,H,.y, t.e. 
C,H,.C(NOH)(NH.CO.NH,). Formed by 

the action of })otassiv]ni cyanate u)>on benz- 
amidoxim hydrochloride in oono. aqueous 6olu< 
tion (Falck, B. 19, list*). Long thin white 
needles. V. sol. aloohol, ether, benzene, and 
ligroin, si. sol. water. 

BENZ - URANILIDOXIM ChU„NA 
0,H».C(NOH).NPh.CO.N'II, (!). Benz • phenyl- 
uramidoxim. [IC?”]. Formed by the rtct^)n 
of potassium cyanate upon benzanilidoxim 
hydrochloride in concentrated aqueous solution 
(MUlIor, B. 19, 1671). Vellowish needles. Sol. 
alcohol, ether, benzene, and cliloroform, insol. 
water. 

BENZYL. The radicle phcnyl-metliyl, 
it is isomeric with methyl-phenyl 
or tolyl CH,-C,iH^. 

BIBENZTL V. s-Di-PHENYii-nTiuxn. 

BENZYL-ACETAMIDE v. .Ic7;/Mh ^jzyi.. ! 

jJfXtnE. j 

BENZYL ACETATE C,H,.Cn,.O.CO.CHs. ' 
^206®). S.G. !•:? 1'067. From benzyl alcohol 
(2 vols.), acetic acid (4 vols.) and H.SO, (1 vul.), 
or by boiling benzyl chloride with alcoholic 
KOAo (Cannizzaro, A. 88, 1.30). Formed also 
hr boiling a mixture of benzoic aldehyde and 
glacial acetic acid with z!nc-dus^(Xicn)ann, B. 
19, 355). Oil, smelling of pears. ^Sodtuniract- 
ing upon benzyl acetate does not fonii benzyl 
aceto-acetate but the chief product is benzyl 
B«phenyl propionate: 4C2I,.Cu^C,H, + Na,^ 
20H,COjNa + 2C.H,.CH3.CO,C,H,^ll.. and by 
a secondary reaction, sodio phenyl-propionate, 
sodic phenyl-acrylate, and toluene: 

2C,H..CH,.CO,C,H, + Na,«i 

C,H,CfH^CO,Nft +C,lI,.CiI </'B.CO,N»i + 20JI,OH, 
(Conrad a. Hodgkinson, A. 193, 300). 

BBVZTL-ACSTIO ACID v, 8'Pcektl psopx> 

MldaoB* 


' w UuU,^ "J: i4 
Di-phti^l-ttob^/HeitU 
[85°}. Oboined hj sapooU^ng tb« rthWj' b| 
healing di-benajhmalonio ether with aleobolM 
ICOH (Lellmann a. Schleich, B. 20, 4391, or by 
heating di-bonzvi-malonio acid (Bisohoff a* 
Siebert. A. 239,101). 

J’n)^>tTfiVs.—Prisms (from ligrvnn), ■!. got 
cold water, v. sol. alcohol. Heated with soda* 
lime it gives di-lKui/yl.nu’thBm*. 

Salta.-Ag.V: triiuotric prisma, sol. boiling 
water (Michael a. Palmer, An*. 7, 70).—BaA',. - 
CaA'.A«|. 

Ethyl ef//(’>• EtA', (above 300 ). Fornjed, 
together wUli ^-phenyl-prupionio ether by 
heating ticelio ether with bmizyl chloride and 
sodium (Lvdia Sesomann, il. 6,1080; Merz a. 
Weith. B. io. 759). 

BENZTL-ACETO’ACETIO ETHER t. ).. 21. 
BENZYL-ACETONE C„II,.0 U. 
CJI,.ClJ,.CH,.CO.CII,. Methylpluntf.dhyl he. 
tone. (236’). S.G. -989. 

IWmation. —1. By the dry-dislillallon of a 
mixture of calcium liydrocinimmntoand calcium 
Hcetale; the yield is 33 p.c. (Jat'lcson, B. 11,81H)). 

2. From benzyl-aeeto-ncotio ether by boiling 
with alcoholic KOH (Ehrlich, A. 1H7, 15). 

Properties. —Oil. Combines with NallSO, 
forming 0„U,.;ONaHSO3aq. Oxidis«.'d by CrO, 
to acetic and benzoic acids. 

BENZYL-ACETONE y-CARBOXYLIC ACID 
V. AOKTYL-rnKNYL-l’HOl'loNrO ACin. 

Benzyl-acetone o-carboxylie-acid C,,U,,.0, 
j.r. C0J1.C«U..CIF.CI4C0.(JH,. Ob¬ 

tained by boiling o-carboxy*benzyl aceto acetio 
ether with harytii-water (Bidow, A. 236, 192). 
Slender needles (from water). 

BENZYL-ACETOXIM u. Acktoxlm, p. 88. 
BENZ^.ACETYL-6DCCINIC ETHER v, , 
Acirfvr.-m^zYL-HccciNic ktiiku, p. 89. 

r-BENZYL-DI-ACETYL PYBROL v. Bi nzyl- 

PynUYI.i;.S«-DJ • MKrH VL'K KT''NK. 

BENZYL ALCOHOL C.H,0 i.e. 

Mol. w. 108. (200-5'^). S.ti. 1-0129 (BrUhl 
H. I at 17^ 1-551B. Kx.53‘l0. H.F. 38,73 

(Stiihm.ann, J.pr. [2] 36, 4). 

Orciirrcnci’. —Ibilsam of Peru contains benzy 
bi-nzoute, benzyl cinnumnto and small quantitiei 
of benzyl alcuJiol (Ivraut, A, 152, 129). LiquU 
storax con tains benzylcinnainaio(LHubenbcifflcr, 

A. 16v, 28b). Balbam of (olu contains benzyl 
‘cinnuinato and some bonzy) benzoate (Basse, 

B. 9, 830). In small quantity, together with 

: benzoic aldehyde, prn.>^.Kic 4 aeyl, and a rcsin 
i in tlie volatile oil ol clierry-laiircl (Tildon, PA. 

' t3J 5. 761). 

' Formation. --1. Tnj'fther with KOBz by the 
action of alcoholic KO^ on benzoic aldehyde 
(Caiiiiizzaro, A. sh, 129). 2. From benzyl 
ddorido by converting it into b^^-nzyl acetate W 
alcoindic KHAc, and boiling ihe product witfl 
alcoholic b'Hl {(‘(uuiizzaro, A. 96, 216).—a 

3. From benzyl cldoiide by heating with 40 " 

' aqueous solution of Kj,CO} (Meunier, Bl, [2]'^ 

38, 169); with water (10 jjIs.) and freshly p^.: 
Pb(OU )2 (3ptB.) (Lautb a. (irimuux,.4.143,81); j 
or merely with water (30 pis.) (Niederist, iU| 
19G, 353).—4. From balsam of Peru by boiliim ) 
with aqueous KOH (Kachler, /. pr, 107, 807).—• : 
8. By the action of aodiuro-amalgam apoa . 



m 


BENZf L ALOOHOIi. 


btnzoiokldtbyit (7rieil«l, 3. 18^, 363), benzole 
zeld, hippono zeid (Hatin&nn, il. 189, 76; 
188,886), benzoyl oUoride in presence o! HCl 
(Lippmann, Bi. [2] 4, 249), or benzaaide 
(Ouareachi, 0.4,465). • 

PreparaMon.—lO pts. of benzaldehyde are 
•ballon in a skippered cylinder with a solution 
ol 8 pts. ol KOll in 6 pts. of water, and lefb to 
stand over-night. Hullieient water is then added 
to dissolve the potassium benzoate which has 


(6)-j(?ajpkl*yl 4th$t 0,JB,0.GB^ [KM. 
From (8)-na^hthoI (70g.), KOH (27 g.), « little 
water and aloohol, and benzyl ehlotide (70 g.). 
White pistes (from aloohol). No smell. Not 
volatile with steam (Staedol, A. 217,47). 

Other benzyl ethers are described under the 
hydroxylsted compounds from which they are 
derived. 

B£»ZyL-o-AHIDO-ACEIOFH£NONE 
C.H,(NHC,H,).CO.CH,. [81“). Formed by heat- 


separated, and the solution is extracted with I ing o-amido-acetnphenone with benzyl chloride 
other; alter evaporating the ether the residue (Bacyer, B. 17,971). Barge prisms. V. sol. 
is distilled; the yield is 92 p.c.ol the theoretical. ‘ alcohol, ether, benzene, chloroform and CS„ si. 
Benzyl alcohol cannot be dried with CaCl, as it' sol. ligroin. Weak base, 
combines with it (Meyer, B. 14,2991). i Nitrosamine C,1I,(N(C,H.).N0)C0.CH, 

/'roperties.—Liquid with little odour, el. sol. (.'>5°); long colourless needles. By heating with 
wakir, sol. alcohol and ether. ' H.,SU, it gives a mixture ol indigo and benzyl- 

UeurAumit,- 1. Oxidised by dilute UNO, or indigo, 
air and platinum black to benzoic aldehyde, and BENZYL-o-AMlBO-BENZOIC ACID 
by CrO, to benzoic acid. 2. HI and 1* at 140'^ C,H,NIl.CalI,.CO-H. [176° uncor.). Foimedto- 
reduce it to toluene (Oraelie, II, H, 1(151). - ^ gctlier with its formyl derivative by oxidation of 
8. Alcoholic KOll forms toluene and benzoic benzyl-quinoline with alkaline KMnO,. Long 
acid (Cannizzaro, A. 99, 25:i), 4. Cone. 1LS<)„ [ needles or thick prisms.* 
l’,0„ and ZnCl, lorin n resin (Cannizzaro. .4. 92, Salta C|,H|,NOjlICl; [105'’uncor.); large 
118)..'6. B.O, at 119’ forms di benzyl oxide tables.—(C,,IJ|,NO..).,H..Cl.,l’tCl,: [158° uncor.); 
(0,11,.CIL),0. -6. Solid i-{lititinfi‘H vhliiridv.fonm oran[»e yellow tables. 

b«n7.ylcaroainalean<l«li bf n/.yl-iiioii((.'aiiiu/./aro, ‘ Fomifl derivative C,HjN(CnO).C,H 4 .CO,H 
0.1, S3 ; /i. 3, Til?). 7. Urm nitraU- at 120'^ [1%'^]; largo colourless tables (Claus a. 


forms di-bcn/.yl-iirra and beii/.oio iiblchyiio; at 
140' it (unns ben/yl (’arbainato (Catiipisi a. 
Amato, 0. 1, 30). H. IJCI, forms .v di-iihfiiyl- 
ethane and binzyl cliloride (Couneler, li. 10, 
1066). 

Methyl ether From 

bon/yl chloride, KOH, luid Mi-Oll (Sintemn, .1. 
l<it,33t). Also from Im-ii/yI Kiilpliitb', mothyl 
alcohol, and M«d ((’ulmurH, .1. (.7(. 10, 

(tiv4S 

anthriicono when ht-uttHl with I'.O . Chloriiu* 
in the oold fonuM MCI, ethyl chy^'ido, ami 
C.tLCHO ; at a higlur t< iii{H>r:itiirii it givoH 
KtCl ai\d hon/.yl <*)ilori<]i'. ('hbiniio in the cold 
in im'Horu'f' of I forms ohloro iH'm'oic nldohydcs 
and KlI (Sinti'nis, ^t. Mil, 3:(1}. Mr forms in 
the coltl ilMr, KtMr. bcn/.yl hroniid**, benzoic 
aldehyde, and H/.Hr (1‘atcrno, li. *», 2H8). 

Isobutyl ether CJI,.CIf ,.O.C,M„. (c. 210’) 
(Claus a. Traim*!', th 10, 3(il)<>). 

Vhenyl ether l’liO.CH.J’h. flJO']. (287^). 
From j>hi'Uo! jtolas.-4iuiu, bcn/.yl chlorido and a 
lidio nioohol at 100’ with inverted condenser 
for ,3 hours (Stm Id, .1. 217, 4l;*l9auth a. 
Uriwaui, A. 113. *<1; Sintenis. J. lOl, 337). 
Ohtteriug whih' |>lntes which feel gicn'^y (from 
alimhol). Cftnc.jh’4 at 100’splits it up into 
phono) and Wn/.yl chloride Chlorine in pre- 
K“iu’o of HgO forma the chloro-phenyl ether, 
C,H^.CH..O,C„H,Cl 171“); bromine forms stuii- 
Jaily tMl,.Clin.O.C,ll,lk lOO 

o^Volyl ether 0,M..»il..<).Cjr,.CH, [1:2], i 
Bnuyl o tTxWbf oj ute. ( 2 s.V’ 'inJO ') (.Stacdel. B. 

w.aoo). I 

m.Tolyleth^'r C,H,.CI1.,.0.CJI..CU, fl:3]. I 
(48'‘'J. (300''80,V'), Satiny tablets. | 

p-Tolyl ef/irr C.H,.CIL.O.C.H,.Cn, {XiV. 

107 P...V..V .:L ‘ _.‘-1 -•i-At. 


Olycklierr, JJ. IG, 12'^3). 

BENZYIe AMIDO A RI-PHENYIeMETHAN E 
l'h 3 C.NM.CMFh. [110 ]. The bydrochlo- 
ride 13'HCl [249®] is formed by tho action of 
lictuyi chlorido on ui-ainido-tri-phonyl-niethane 
(Klba, li. 17. 703). 

Di-benzyl-amidodi-plienyMmethane 
l’h.CH.^.C,iM,N(CIlJ’h)... From aniline hydro* 
chhirido and beji/yl tddorido at 120’. Also 
from ucetanilido and benzyl ehlorifbi at 120’. 
While lunorphous powder (Mcldola, C. J. 
41, Soluble in benzene. Solutiotia have 

u blue lluon-sceiico. 

BENZYLAMINE C.II„N i.e. C.H,.CH,.Nn« 
Mol. w. 107. (ISl’). S.(K ‘4 -O'.). 

FonHdtion. —1. T«)gether witli di- and tri- 
fienzylumino by heating benzyl chloride with 
alcoholic Nil, (Cannizzaro, .4. 131, 128; Lim- 
pricht, >4. 114, 301).-2.'I'ogethcr with di-and 
tri-bonzylamine by tho action of Zn and HCl 
upon benzouitrilo (Mendius, A. 121,144; Spica, 
(f. 10, 5IG).-3. lly reducing thiohenzamide 
(’,n,.CSNII, with Zn and HCl (Hofmann, B. 
1, 102).—^4. From benzyl cyanato and KOH 
(Strako.sch, B. 5, G02). - ,'5. By saponification of 
its acetyl dorivalive, obtained by the action of 
acetamide on benzyl chlorid- (Itudolph, B. 12, 
1297). - 6. By the action of bromine in alkaline 
gtdution on phenyl-aoet-amide C ll^.CH.^.CONH,t 
the yield is GO p.c. of the theoretical quan¬ 
tity (llofinann# A 18, 2738; HoogeworS a. 
Van ^rp, /i. 7'. C. 6, 262).—7. Together with 
toluene, by energetic reduction of hydrobenz- 
amide dissolved in absolute aicoliol by means of 
sodium or sodium-amalgam; very good yield 
(0. Fischer, B. 19, 748).—8. By reduction of an 
alcoholic solution of benzaldehyde-phenyl-hy- 


[41®]. Frt)m pota.H.si^im /> cresoJ, a little alcohol, | drazide by means of sodium-amalgam andaoetid 
ami benzyl ohlon.le tStaedol, .4. 217, 44). Tho j acid (Tafol, B. 19, 1928).—9. By reduction of 
yield IS8h p.c. ^Mntt^KilkyscaIesor tran.-tpartmt I benzaldoxim (6 pts.), dissolved in alcohol 


•U-8id^l columns (femn aloohol). Feels greasy. I (16 pts.), at 50^-60° ykih sodium-aiaalgam (160 
S*\'elhsf. Afi oil, decomposed pts. of ^ p.o. Na), keeping acid by gtaai^ 

j addition of acetic acid: good yield (Qoldachmidti 


bj distillation. 



824 ASH OF BODIES. 

imd ^{g will be found below. The coxnposi>\| 

UoQ in 1,000 parts of the fasted live weights 
of the animal body is also given. The latter j 
will afford data for calculating the loss which 
a farm suffers by sale of stock. The fasted live- 
weight is inclusive of contents of stomach and 
intestines, but the constituents of these con¬ 
tents are not reckoned among the animal con- 
itituents. The ‘ pure ash ’ is inclusive of 
carbonic acid. 

2. Ash or Plants. The composition of the 
ash of plants of agricultural importance will be 
given under tlio lujadings of tlie dillcnuit crops, 
some general considerations will, however, be 
best made in the present place. 


podiacM, and of silica by the Equiset^seea and 
Oraminacea. 

The ash constituents which enter the circula* 
tion of the plant are (1) partly employed in the 
iormation of new tissue; (2) partly deposited as 
^crusting matter on the older tissues; while (3) 
Soluble salts that are of no advantage to the 
P"ant first accumnlato in the sap, and then are 
^T'' ilually removed from the plant by the action • 
”ain, and possibly by diffusion into the soil 
^ the roots. The ash constituents most 


largei, 


ly consumed in the formation of tissue are 


potasl^ andphosphorio acid; in all the actively 
groNvif parts of a plant potash and pliosphoric 
L^rcatly preponderate. Magne.sia, lime, 
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The ash constituents of a plant are obtained 
from tlie soil by the roots. All matters in llic 
soil wliich are soluble and diffu.-^ible will enter 
the plant by the root, the abundant evaporation 
of water from the surface of a growing plant 
maintaining a rise of liquid in tlio capillary 
vessels. The substances entering the plant are 
not, however, limited to those existing iu solu¬ 
tion in the soil, as tho roots of plants exorcise a 
solvent or digestive action on constituents of tho 
soil not otherwise soluble in water. The wide 
differences in tho assimilating powers of the 
roots of different plants are well illustrated by 
the special assimilation of alumina by the Lyco- 


OMjlo of iron, an('nj acid, must also be 

rook,,,,.;,! as, plant growth. The 

n cruH..,f,vash consi calcium salts and 

s.hca; these arc precipitated in tho 

leave , whore evapo,^,^;^,^ ^etive. Tho 

soluble salts renmi'..,,, „„„^ed in the sap 

fnXot 

A vi,;o,-ous plant wihj ^ „ 

w fl* “1* constituents, es- 

pecmlly of alkuh salts, tn,^„ necessary foi its 
tirow h. For the same rea ^ ^ i 

oil diltorcnt soils may yield ^ ,ety difierent ash! 
Thus a cover or bean pla^t ^ be rieh 
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pot&sb or lime aocordiog as one or the other 
preponderates in the soil. On the other hand 
plants olearly exercise a selective power^ potash 
being stored up in large quantity, though soda 
rather than potash may be abundant in the 
soil. This selectivo power is apparently not 
a property of the roots, but simply results from 
the fact that potash is removed from the sap to 
form tissue, while soda is not; potash salts can 
thus continue to enter the roots by diffusion or 
otherwise,while sodium saltshavingaccumulaled 
in the sap the tendency of dilTusion is now for 
them to pass through the roots into tlio moist 
soil (sDO Dch 6 rain, Cours dc Chiinic cujricoh 
[187SiJ 77). The Itothumsted experiments show 
that potash greatly preponderates in hay, and in 
barley straw, when the soil su])plios a sullicient 
quantity; but when potash fails, soda is retained 
by the plant to a considerable extent. 

The variations in the composition of the ash 
of any plant do not extond to the seed ; the ash 
of this is of very definite composition whatever 
the nature of the soil. Tho ash of a seed con¬ 
sists cliiolly of potassium phosphate; soda is 
practically absent. 

Wliilo tho seed is forming, a migration of 
phosphoric acid and potasli, and of nitrogenous 
matter and carbohydrates, sets in from all parts 
of the plant, the roots included; a great part 
of Hk'so important constituents is finally 
8 tore<l in the seed. The extent to whicli the 
exliaustion of the plant, and the enrichment of 
the see«i, proceeds, depends on the climate during 
tlie ripening period. B. W. 

ASPARAGINE 

C,U,N A CO,H.Cir,.CTI(NH,).CO.NH, or 
CONiL.C1LcH(N1L).CO.H. AmUlo^succinamic 
acid. M. w. loO (containing aq) S.G. ^ 1’52. S. 
0. 1*8 at 10’5°; C3 at 100'^. Occurs in juice of 
most plants, especially in growing buds and 
germinating seeds asparagus, marsh-mallow, 
comfroy, potatoes, deadly nightshade, chestnuts, 
liquorice root, lettuce, convolvulus root, dahlia 
tubers, young shoots of vetclj, peas, beans, and 
other leguminous plants). Lupine seeds that 
have not begun to grow contain no asparagine; 
after 15 days’ germination more tlmn 20 p.c. of 
asparagine may bo extracted by water (Sclmlzo 
a. Barbieri, J. pr. [2] 27, S.'l!)). Wlien twigs full 
of young leaf-buds of tlie plane, birch, or liorso- 
clicslnut are cut ofT and allowed to open liy 
placing tlio cut end in water, the loaves i^ro 
found to contain asparagine (S. a. Ih, J.pr. l.'h-l, 
145). Asparagine may be formed by adding 
cone, ammonia to mono-ethyl aspartate (Scliual, 
A. 157, 21). 

Pro/'cr/ics.—Trinietric prisms (containingaq) , 
exhibiting left-handed Iiemihedry. yol. wafi r, 
acids, and alkalis; ifisoh alcoltol and ether. Its 
solution in water or alkalis is 1 /evorotatory, in 
acids it is dextrorotatory. In 1101 solution 
Wn = abonl4 ; in aqueous solution about 
— 0 *^; in ammoniacal solution about — 11 ®. 

Bcactiom.—l. Boiling with lime, or iHiryta- 
W'ater, or with dilute H.SO^ rapidljif converts it 
into aspartic acid.— 2 . Nitrous add forms malic 
acid.— 8 . Impure asparagine is liable to undergo 
femwifatitm, changing to ammonic succinate. 
4. Mel and KOH produce an amide of fiiniaric 
acid, CO.,H.CH:CH.CONH 2 (Michael a. Wing, 
4w. 6 , 419; Griess, B. 12,2U7> 


S alts. - H A^HCl. — (HALHCl. - CuAV- 
CaA,. — ZnAV — HA'HgClj. — AgA'. — 
HA'(AgN0,)s. - HA'C.H,(NOj)aOH: yeUow 
prisms (Smolka, M. 6, 915). 

Esthnation. —Heat the extract containing it 
with dilute HCI for some hours and determine 
the amount of NII^Cl formed. This corresponds 
to half tho nitrogen in asparagine (Sachsse, 
J. pr. [2] fi, 118). Glutamine also splits off 
half its amidogon as ammonia when treated 
with IICl. Or the extract may be treated with 
bromine and NuOH (measuring evolved N._,) both 
lx.'fore and after heating with HCI (Saohsae). 
But asparagine gives c>lT too mucli N 2 when so 
treated (Morgen, Fr. 20, H7). It even gives off a 
liltle N.^whon treated with NaBrO before heating 
with HCI. These two errors nearly balance 
one another (B. Schulze, J. pr. (2] 31, 235), 
Solutions of sodic aspartate give off no N, with 
NaSrO, but if NHj bepresentmore Njis evolved 
than corresponds to tlm NII 3 . Tlio incri‘ase 
may be 0 p.c. Leucine behaves in tlio same way 
as aspaiagiuc, but tyrosine behaves in exactly 
the opposite manner. Urea has tho same in* 
lluenco as NH,. It is therefore bettor to de¬ 
termine tliofrcoNHj by distilling with MgO, CaO 
or even NaOII (comp. Bcrtljclot a. Andr4, 
C. It. 103, 1051). The presence of peptones 
will, of course, invalidate tho determination, 
these are often absent from vegetable solutions; 
if present they must bo removed : albuminoids 
maybe ppd. by lead salts, peptones by tannin or 
phosphotungstic acid (E. SchuUzc, l.c.), 

Bextro-asparagine 

CJl 3 (Nll,)(C 02 lI).C 0 .Nn 2 . Doxtro-hcmihedral 
crystals. Dextrorotatory [a]„ = + 5'’'’11'. Very sweet 
taste (ordinary asparagine is tasteless). Bather 
more soluble in water than ordinary asparagine. 
Occurs in the mother-liquors obtained in re¬ 
crystallising the crude asparagine prepared 
from tho shoots of tho vetch; 20 kilos of crude 
asparagine, obtained from G500 kilos, of vetch 
gave 100 grms. of tho pure dextro-asparagine. 

The compounds prepared from dextro- 
asparagine exhibit the same properties as those 
prepared from tho Imvo-asparagino except that 
their rotatory power is reversed. By heating 
with 2 mols. of aqueous IICl at 170®-180® both 
asparagines give the same inactive aspartio 
acid (Biutti, O. It. 103, 134; B. 19,1IJ91). 

Additional Ite/crcnces .—Vauquolin a. Bobi- 
quot, A. Ch. 67, 88 ; Dessaignes, A. 82,237; 
Biria, A. Ch. [3J 22, 1(50; Pasteur,-4. CA. [3] 
31,70; Mercadante, G.5,187 ; Bortos, /i.9,1934; 
Diibrunfaiit, J. pr. 63, 608 ;-C.'oru 2 )-BoHanex, A. 
125,291; Champion a. Bellet, H.9,724 ; Becker, 
71.14,1031; Do Luca a.Ubaldini, C.li. 69» 627; 
Buchner, Z. 1802, 117 ; Campani, Z. [2] 6 , 87; 
E . ychulzc, B, 15, 2855; J. pr, [2j 20, 397; 27. 
339. 

ASPARTIC ACID 0,11,NO, i.e. 
C 0 .,H.CH 2 .CH(NJ Amido-sticcinic acid. 

Mol. w. 133. S.G. 1‘CO. Q. *45 at 20®; 5-4 
100 ®. 

Formation. —1. By boiling asparagine with 
lime, baryta, PbO, KOH, or IICl dissolved in 
, water.—2. By boiling albumen or casein with 
dilute H.,S 04 (Krcussler, /. pr. 107, 239; Bitt* 
lianson, J. pr. 107, 218). -3. By treating pro- 
tci'ds with bromine (Illasiwetz a. Habemiann, 
A. 159, 325).—4. From casein by treatment 



m 
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wltii SnOlt afid HCI (H. a, H., A, 160,162).—6. 
From dlazo'suooinio ether by reduction with 
aino duet and acetic acid (Cortius a. Koch, B. 
19,2460). 

Preparation: 100 grms. of asparagine are 
boiled for 2 or 3 hours with an inverted con¬ 
denser with 408 c.c. of pure aqueous hydric 
dbloride(containinK*11025g.nCl per c.c.). Totlic 
cooled solution is thcninlded 201 c.c. of aciueous 
NH,(corrc 8 pondingtotlieacidvolumeforvoiunie). 
On standing for several hours tlie aspartic 
acid separates in colourless crystals. Tlic yield 
is 90 p.o. of the theoretical (Scliiif, B. 17, 2929). 

Properties. -Small trimelvic rectangular 
plates. SI. sol. watc-r, insol. alcohol. Its solu¬ 
tions in alkalis are hevorotatory; its solution 
in HClAq is dextrorotatory, [o]u= +28°. Tlie 
rotation is affected by tlie nature of the solution 
(Becker, B. 11, Aspartic acid (1 mol.) 

prevents the ppn. of Cu{011)a (I mol.) by KOIl. 

Iteaciions. —1. NitroKS add converts it into 
Italic acid.—2. Mel and KOJl form fumaric 
acid (Kornera. Meiiozzi./f. Istit. Lombard. 19, 
352).—3. Not affected by boiling water or by 
magnesia.—i. Heating in a current of HCl at 
130°-200° produces two anhydrides: (n) 
insoluble in water (C,.JL„NkO,,), ( 6 ) slightly 
soluble in water (C„jH,,N,,0„). Both aro con- 
yerted by boiling baryta into aspartic acid ; but 
wlien the former is heated for 2 hours at 125° 
with half its weightof urea it produces a giimtny 
mass, solnblo in water forming a solution that 
has all the charuelors of a proteid. It is ppd. 
by acids, by NaCl, MgSO^, tannin, and IlgCl,_. 
forming gelatinous pps. CuSO, and KOU give 
a violet solution (Grimaux, C. li. 1)9, 771). 

Salts. ILA'UCl: deliquescent crystals.— 
H.iA"H..S 04 .--NallA" aq : trirnctric prisms; S. 
89 at 12°.'-BaII..A"..-lttq.—BaA"3aq.—CaA'''la(i 
— HgA".— Pbil,A"... — rbA".-AgllA". - 
Ag.,A".--CuA" 4 ‘mi. S. *095 at 15°; --19 at ; 
V. sol. dilute HOAc. The insolubility of tliis salt 
may be used to detect and to isolate asiiartic 
acid (Hoffmeisler, iS'ifj. B. 75, lOO).—CiiA"9aq 
(Curtius a. Koch, B. 19, 2lhO). 

Mono-cthgl ether Its hydro¬ 

chloride (A"IlEt);.IlCl forms huge colourless 
needles, [199°j. 

Di-ethyl ether A"Et... Its hydrodilorido 
fonns excessively hy-'roscopic coii- 
eeutrio needles. 

Di-methyl efher A"i\kv Its liydro- 
ehlorido A"Afe.,nCl forms very hygro.seo['io 
glietening prisms (Curtius a. Koch, I?.*18,1299). 

Amide V. Asi’auaoink. 

Di-phenyl - amide 

CO.,ir.C,ll,NlLcONrh,. [290°J. Formed, toge¬ 
ther with phthulimide, by tlie action of NH., on 
the diphcnylamide of phlhalyl-amido-succinic 
acid COJI.C^HaN(CACoH 4 ).c 6 Nl’li, (Piiitti, Q. 

16,14). 

Inactive aspartic acid CJIjNO,. S. *42 at 7°. 

Formation. —1. By the action of boiling HCl 
<m the product obtained by heating the acid 
•TOinonium salts of malic, maleic or fumaric 
acid.—2. By heating an aqueous solution of the 
hydrochloride of active aspartic acid for several 
hours at 170° (Michael a. Wing, B. 17, 2984; 
Am. 7, 278). 

Properties. -Monoolinio needles. Converted 
by nitrous acid into inactive malic acid. 


i:4s.~4>bA^--Ag*A^--Hj^'^Ol 

IsBVo-aspartio Mid Obtained from 

dextro-asparagine by treatment with HCl 
(Piutti, B. 19,1693). Lavorotatory. Itspropor- 
! ties are the same as those of the dextrorotatory 
I acid. Combines with dextro-acid to form an 
: inactive modification. 

Additional Deferences. —Plisson, A, Ch. 40, 
909; 45, 315; Boutron-Chautard a. Pelouze, 
A. Ch. 52, 90; Liebig, P. 31, 232; A. 26, 125, 
161; Wolff,^.75, 293; Piria, A. Ch. [3] 22,160; 
Dcssaignos, C. li. 30, 324; 31, 492; A. 83, 83; 
J. P/t.[9] 32, 49; Pasteur, A. Ch. [3] 34, 30; 
A. 82, 924; Pott, J. pr. [2] C, 91; Kadziszewski 
a.Salkowski, B.7,1050; Kitthausen a. Kreussler, 
J.pr. [2] 9, 91.4; Sohoibler, J. Ph. [4J 4, 162* 

I B. 2, 296; Kreussler, Z. [2J C, 99. 

ASPHALT. A natural product of the de¬ 
composition of vegetable substances. It is found 
on the shores of tlio Dead Sea, also in a molten ■ 
state in Trinidad, and as a mineral deposit at 
Seyssol. It frequently impregnates other rocks. 
When distilled with waXor, petrolenc CooHjj 
(280°), S.G. *80, V.D. 9'5, passes over (Bous- 
siugault, A. Ch. [2] 64,141; Voelckol, A. 87, 139). 

ASPIDOSAMINE C,,1L,N,0,. fc. 100°]. In 
quebracho bark (Ilesso, A. 2U, 269). Turns 
yellow in air. V. e. sol. ether, cliloroform, 
bf'jizeno or alcohol, v. si. sol. light petroleum, 
insol. water. Its alcoholic solution turns 
litmus blue, neutralises HCl and tastes bitter. 

lteaction.s. —1. Solution of hydrochloride gives 
with Fc.jCl„ a brownish-rod colour.—2. Cone. 
IPSO, gives a bluish solution.—3. Cone. ILSO 4 
and AloD;, gives a blue liquid. —4. Cone. Il.^SO^ 
and K.^Cr.,0, gives a dark blue colour.—5. Boiling 
aqueous HCIO^ gives a magenta colour. 

Platinochioride. B'JLPtCl^lhiq. 

ASPIDOSPERMATINE cJl.^N.O,. [162°]. 
In quebracho bark (Ilesso, A. 211 , 259). Crystal¬ 
line. V. sol. chloroform, alcohol, or ether. In 
alcohol (07 p.c.) it turns litmus blue, has a 
i hitler tash;, and ishevorotatory [ajo— —72‘9° at 
' 15° in a 2 p.c. solution. 

! Beadions. - 1 . HCI 04 givcs a magenta colour. 

2, Cone. H._;SO, and KoCr.Oj give no colour.— 

8 . Fc.Clg gives no colour. 

Sal ts.—Dilute HCl is neutralised by aspido- 
sperinatino. NaOH or Nil., give in the solution 
a tloeculeiit pp. (in. sol. pure water) which soon 
brcttmes crystalline, halts are amorphous.— 
fB'HCO.PtCl^laq. 

ASPIDOSPERMINE C..,H3oN.,0.,. [206®J 

[all, (alcohol) —100*2°: (chlorotorni) —83*6°; 
(dilute IICI) - 62° (in all cases 2 p.o. solution at 
15°). S. (alcoliol) 2 at 14°; (ether) *74 at 14° 
(Wulfsborg, Ph. [9] 11, 269). An alkaloid 
; present (with others) in 'bark called in the 
t Argentine lUq)ul)lic quebracho bianco or 
i quebracho. Colorado (Fraude, B. 11,2189; 

I Hossc, A. 211,251; Anvta, C. J. 40,622). 

: Needles or pointed prisma (from alcohol or light 
• petroleum). M. sol. alcohol, si. sol. ether or 
' light petroleum, v. sol. benzene or chloroform. 
Licvorotatory. 

Beactums. —1. HCl and PtCl^ give a bloc 
pp.—2. HCIO 4 gives a magenta colour.—3. Cono. 
H^SO^ no colour.—4. Cono. H^SO^ and MoO, no 
colour.—5. Cone. H 2 S 04 and K^Gr^O,, a brownish- 
red turning dark * green.— 6 . Salts give with 






^aOUi or KaHCO,, » vMte 

fiooeoleat pp. becoming crTStalline. 

Salts. —Very unstable; even ether or CHCI, 
can partly decompose them.—B'jHjPtCl, 4aq. 

ASSASEAB. A name given by Beichenbach 
{A. 49, 8) to a bitter, deliquescent, transpurent 
yellow solid which may be extracted by alcohol 
from toasted bread. It is insol. ether. The 
same name was given by Vdlckel {A. 85, 74) to 
a thick yellow neutral syrup obtained from the 
aqueous portion of the product of the distilla¬ 
tion of cane-sugar. It is sol. ether. Both sub¬ 
stances reduce aqueous AgNOj. 

ASTMMETBIC CARBON. A name applied 
to an atom of carbon tliat is united to four 
different atoms or radicles. All compounds that | 
in the liquid state or in solution rotate light 
contain asymmetric carbon (Van ’t Uoff, La 
chimie dans I'espace ; Lc Bel, BL [2] 22, .S87). I 

ATHAMANTA, OIL OF. C„il„. ! 

S.G-. *84. An essential oil obtained from the j 
leaves of Athamanta ori'osdinnm. It forms a 
liquid compound with fICl (190°) (Schneder- i 
mann a. Winckler, A. .'51, 830). 

ATHAMANIIN C,,1I;,„0;. [79°J. In the 

root and seeds of Athamanta orcosclinum. 
Fibrous, silky crystals, or sometimes rectangular 
prisms; insol. water, v. sol. alcohol and » tlier. 
it gives valeric acid on dry distillation. Aqueous 
acids and alkalis split it up into valeric acid and 
oroosclonc Cliloro-, and Iri-nilro-, 

atliamantin are aniorplious (Sclmedermann, -1. i 
51, .”15 ; (rovger, A. lit), 859). 

ATHEROSPiiRMINE [128;]. An alkaloid • 
in the hark of Alhcrosjierma mosctuitum. A 
grcylsli-whito powder with bitter taste. V. si. i 
sol. water, m. sol. alcohol, si. sol. etlu-r. The 
solution of its hyjlrocliloride gives pps. with 
phosplioinolylidic acid, picric aci<l, tannin, and 
PtCl,. It Ula'rutes iodine from iodic acid (Zoyor, 
J. 1851,799). 

ATMOSPHERE. The word A imosplicre 
(arju(5s, Viij)our; <T<p(ui>a, a globe) in its most ('X- 
lended sense signifiesthc gaseous envelope whieli 
guiTouiHls any liquid or solid body: more cma- 
jnonly, however, it is taken to mean the invisible 
elastic Iluid which surrounds the earth. A variety 
of ])lienomena, e.<j. solar and terrestrial radiation, 
animal and vegetable life, wcatlicr, the dis¬ 
integration of rocks and the formation of 
Boils, the propagation of sound, etc., ar<^ ib.-- 
peudent on the existence of a teri'(‘strial almo- 
Bphore. The earth is not tlio only planelury 
body which possesses an atmosidjove. The Sun, 
Jupiter, Mars, Saturn, have doubtless v(uy 
dense atmospheres, but as yet we have no I 
exact kjiowledge of their physical and cliemicai I 
natures. | 

The pheuomona'of solar eclipses, and tlje 
facts that a single star seems to disappear 
instantly when it is occulted oppositc^he smoolli 
part of the moon’s limb, and that there is no 
change of colour or other effect such as a re¬ 
fractive atmosphere would occasion, make it 
certain tliat the moon’s atmosphere if it exists 
at all, must be of extreme tenuity. This cun- \ 
elusion is strengthened by evidence afforded by : 
the Bpectroscope. It has been observed that | 
the spectrum of the moon’s light is identical 
with the solar spectrum and there is no trace of I 
An^ absorptive action ; moreover, it is found that 


the Bpeotrom of a star during iti oooultatioo 
disappears as suddenly as the star itself. 

Wollaston’s arguments .as to Uie flnito ex¬ 
tent of the terrestrial atmosphere were deemed 
inconclusive even by his contemporaries. There 
is indeed direct evidence for the belief that air 
is present in a state of sensible density at much 
greater heights than 40 or 45 miles which was 
the limit Wollaston assigned, liiais, from ob¬ 
servations on tho phenomena of sunlight at Ilio 
Janeiro,arrived at a superior limit of 200miles; 

I and Secchi, from observations on luminous 
' meteors, calculated that air exists of appreciable 
deusily even at a height of 200 kiloinotrcs above 
the earth’s surface. It is in fact probable that 
no actual limit exists. Up to tho present it has 
been imjjossihle to arrive at direct r»‘Kuit 8 other¬ 
wise than by astronomical observations, as the 
law of the dimimitiou of tomperatiire which in 
groat UK'asuro governs tho extent of tho repul¬ 
sion among gaseous parlielog is unknown for 
tho upper strata of the atmosplicro. No argu¬ 
ments can be based on tho tiiiite expansibility 
of gases. Faratlay’s experiments on the limits 
of va[)orIsa(.ion of mercury have been contro¬ 
verted by Morgot. It is obvious that the relative 
(listributio)! of the mas.s of tho air will be 
nioditied by the iiicr(!aso of attraction at the 
polos as com]>:in'd willi that at the equator ; by 
the increase of tett\peralure as we approach tho 
torrifl zone; ami by the earth’s moti<jn. 

The pomh'iahility of uir allliough suspected 
l)( fore the time of Arlsiolle w'as first eonclusively 
dcnionstrated by Oalileo, who found that ik 
copjjor ball containing eondons<-d air weighed 
more Ilian wlien filled with air of ordinary 
tension. The weight of 1 litre of air, freed from 
inpioous va])our, carbonic acid, and ammonia, at 
, 0 (k, ami umlor a pressure of 0‘70 m. of mercury, 

1 at I’arjs (iat. IH ' .50'), and at a height of 60 m. 

1 above Ihc sea level, was found by Itognault to 
j bo 1*29:)IH7 grams. According to Jicgnault 
I 1 litre of oxygon at the normal temiicrature and 
piv.ssureweighs 1*429802 grams; 1 litre of nitro- 
gi 11 under the same conditions weiglis 1*250167 
grams. If cc be tlio volume of oxygen contained 
1 in 1 litre of air, and 1-x that of tho nitrogen, 

1 thou 1-429802X }■ (1--ar) 1*2.5(51(57 = 1*293187, 

I whojmo X - 0*2132 or in per cents. 21*32, which 
• is considerably higher than that found by eudio- 
; metric analysis. According to Magnus 1 litre 
; of pure air at 0° and *7(3 m. weighs at Berlin 
I (hit. 52° 3(5') 1*29306 grams. Pli. v. Jolly found 
I that at ^lunich (Iat. 48° 8 ', .515 in. above the 
sea’s level) 1 litre of oxyg«*«r at 0’and *70 m. 
weighed 1*429094 grams; and 1 litre of nitrogen 
under the same conditions weighed 1*257614 
grams. Iteducing these numbers to the Iat. of 
Paris and to a height of CO m. above the soa’e 
level, they become: 

JoUv ncKnault 

Oxygen . I'42'i:i88 l-42i)802 

Nitiogon . l-2ii7873 1'26«167 

The Bureau Internal, dcs I-oiih et Meaurei 
iKlojitg for the wciglit of 1 litro of dry air unde* 
a normal baroniotrio height of 1 mm. and at tha 
normal temperature r 

_ . 1-293052 1 

p<ri=-— __4. —. 

i+o-uo:)(;7 760 

on the asaumption that the air oontaini '0001 
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parts of oatbonio ftoid» and that *00867 is ths 
coefficient of expansion of air at constant pres- 
Bare for a normal degree. 

This expression is obviously only true for a 
particular ratio of oxygon and nitrogen. The 
composition of the air varies sunicieiitly to 
affect its value at ditlorcnt times (Ph. v. Jolly, 
W. 6, 620). 

The pressure exerted by the atmosphere upon 
the earth’s surface, at the sea’s level or upon 
any substance at that level, may bo expressed 
by saying that it is equivalent to a barometric 
column about 7C centimetres (21)'02 inches) 
high. Now at ordinary temperatures 1 o.c. of 
mercury weighs 13‘58 grams. If we suppose 
that the base of the mercurial column is , 
1 sq. centimetre it follows that the weight 
of the counterbalancing atmosplierio column Is 
76 X 13‘68 -1032 grams. This is equivalent to 
14*73 lbs. upon a sq. inch. It can bo readily 
calculated that the total weight of the atmo¬ 
sphere of this average i)res8urc is about 11§ 
trillions of pounds, or Ok trillion kilos. Allow¬ 
ing for the space occupied by the land above 
the sea’s level, the mass of the atmosphere may 
be taken as xauWo of the earth 

(Horschcl). 

The heights of the counterbalancing columns 
of air and mercury will of course bo in tlio 
same ratio as the weights of equal volumes 
if it be assumed that the air is of uniform 
tension througliout. The height of this liomo- 
geneous atruosphero is between five and six ; 
miles: it was first calculated by Kobert Doylo, ^ 
to disprove the conjectures of Kepler and 
others that tho air could not extend beyond a ' 
couple of miles or so from tho earth’s surface, i 

As the air is an elastic fluid it follows from | 
Boyle’s law that its pressure must diminish as 
wo ascend; hence the mercurial column stands 
lower on a mountain top than in tho valley 
below. The fact that the barometric column is 
less on tho top of an elevation than at the 
bottom was first noticed in 1(543 by Claudu 
Bereguardi from observations on tho tower of 
Pisa—that is, live years before Perrier made 
hia famous experiments on tlie Puy-de-Oomc. 
The relation between tho pressure and density 
of the air at dilTerent altitudes may be seen 
from the following table:— 


Uetres above 
Bea level 

Buik of ale 

Donslty 

Bai-mnetcr 

itiiii. 

0 

1 o^wV. metro 

1- 

700 

5,520 

2 » 

0-5 

380 

11,040 

i 

0-25 

100 

10,500 

8 

0*125 

05 

22,080 

10 

0*0(525 

47-5 

27,000 

32 „ 

00312 

23-8 


A pressure equivalent to the average pres- 
Bure of tho atmosphere at tho level of the sea 
is frequoutly adopted by engineers and others 
as a unit of jn-c^jsiire and is styled an atmo- 
sphere. In tins country an atmosphere is tlie 
pressure eipial to 29*1)05 inches of mercury at 
39® 1’’. at Loudon, and is about 14*73 lbs. on tho 
sq. inch. In the metric system it is the pres- 
•uro of 700 mm. (2'.)'922 inches) of mercury at 
0®O at Paris, and is equal to 1*033 kilos on a 


sq. eentunetro. Hence the English <almo> 
sphere * is 0*99968 that of the metric system. 

That the mercury in the Torricellian tube, or 
barometer as it was termed by Boyle, is constantly 
varying in height even at the same place, and 
that these variations are due to tho fluctuating 
pressure of the atmosphere, appears to have 
been first clearly recognised by Descartes and 
by Boyle in 1G58. It is, however, only within 
the last few years that we have acquired any 
very definite information respecting the dis. 
tribution of tho mass of the atmosphere over tho 
earth. Tho pressure of the air at any given 
spot depends upon its relative position on tho 
earth’s surface: at this spot it varies also with 
the season of tho year and tlio hour of tiie day. 
According to Buchan, whose isobaric cliarts are 
really the foundation of our exact knowledge of 
tho subject, there are two broad belts of high 
pressure passing completely round tho globe, 
one to tho north and the other to the south of 
tho equator. The sonthern belt of high pres¬ 
sure is nearly parallel to the equator; but 
the northern belt is more irregular in outline in 
consoquemeo of the unequal distribution of land 
and water in the northern hemisphere. Between 
them is tho low pressure of tho tropical regions, 
through the centre of which is a narrow bolt of 
still lower pressure towards which tho north 
and south trades blow. A region of low pressure 
exists also round each pole; tliat round the north 
polo having two distinct centres, one in the north 
Atlantic, tho other in the Bacific: at oacli of 
tlicsc tho diminution of pressure is mueh below 
tiio average of the north polar depression. As 
regards tho seasons, it is found that in January 
tlio highest pressures are over the continents of 
tho northern hemisphere, and tho lowest pres¬ 
sures are over the northern portions of the 
Atlantic and Pacific, S. Anuirica and S. Africa, 
and the Antarctic Ocean. The maximum mean 
pressure at this time is found in Cenlral Asia 
where it is 30*4 inches, the minimum Is in the 
I N. Atlantic and round Iceland, where it is only 
29*34 inches. Tlie area of high pressure passes 
westwards through central ami southern Kiirope, 
over tho N, Atlantic between the parallels of 
5® and 45®, across N. America (except to the 
North and North West), and over some portion 
of tho Pacific. In July the mean pressure of 
Central Asia is only 29’4<)8 inclios or one incli 
Ipss than in January. Tho lowest pressures of 
the western hemispliero are now to bo *o*a::d 
over tlie continents, wliilst the highest are over 
the ocean between 50® N. lat. and 50® S. lat. 
Pressures are also higher at this time over 
S. Africa and Aiustralia. 

Speaking generally, atmospheric pressure is 
more regular throughout tho year over tlie 
ocean than over the land. To the westward of 
each continent there is at all seasons an area of 
higher pressure over the ocean than over the 
land, in amount varying from 0*1 to 0*3 inch. 
Ti'ese regions of high pressure extend over 
about 30® of longitude and attain their maxima 
during winter. The prevailing winds and the 
general circulation of the atmosphere are in¬ 
timately associated with these areas of high and 
low pressure. Winds, in fact, are caused by tho 
flowing away of air from regions of high 
pressure to those of low pressure, in aocordanoa 
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with Bnys-Bftllot’s law, which has been thus 
expressed b; Bachan. * The wind neither blows 
round the space of lowest pressure in circles 
returning on themselves, nor does it blow di* 
rectl 7 towards that space, but it takes a direc¬ 
tion intermediate, approaching, however, more 
nearly to the direction and course ot circular 
curves than of radii to a oentre. More exactly 
the angle is not a right angle, but from 45*^ 
to 80®.* 

The most important of tho influences affect¬ 
ing atmospheric pressure during tho months are 
temperature, and, as a secondary effect of tem¬ 
perature, humidity. By comparing tho average 
pressure during tho two months which exhibit 
the greatest divergence of temperature, viz. 
January and July, Buchan finds the following 
general result;—Tlic January pressure exceeds 
that in July over tho whole of Asia except in the 
north east, the highest pressures being near tho 
middle of the continent; over Europe to tho 
south and cast of a lino drawn from tho north 
of Kussia to the south of Norway, thence to tho ■ 
north coast of Germany, across France to Bor¬ 
deaux, along the north of Spain, and pass¬ 
ing out into the Atlantic at Corunna; over 
N. America except in the N. East and N. West. 
The July pressure exceeds that in January over 
tho whole of tho southern hemisphere, over tho 
northern portion of tho N. Atlantic, and over the j 
northern partof tho Pacific. The pressure which ; 
is thus removed from Asia, Europe, and America ■ 
in the northern hemisphere in July is trans- i 
ferreJ partly to the southern hemispliere, and 
partly to tlio more northerly portions of tho 
Atlantic and Pacific Oceans.' 

At all places on tho earth’s surface where 
the alternation of day and night exists, tho pres¬ 
sure of the atmosphere exhibits a remarkable 
diurnal variation. Generally speaking, the pres¬ 
sure is liighcst at about 0 a.m. and 9 p.m., and 
lowest at about 3 a.m. and 3 p.m., but the exact 
times vary somewhat with tho locality and with ' 
the season of tho year. The regularity of this 
variation within the tropics is so great that, as 
Ilumholdt remarked, tho hour of tho day may 
be approximately ascertained from the height of ^ 
the mercurial column. This oscillation in atmu- 
spheric pressure is not confined to the sea’s 
level: it takes place witli equal regularity at 
heights of 13,000 feet. Within the tropics tho 
oscillation amounts to about 2*2 mm., but as*we 
approach the poles it decreases, until at 70® N, ■ 
lat. it is only 0*3 mm. In our latitudes these l 
horary variations arc much less strongly marked ; 
than in the tropics, and are usually masketl by i 
climatic disturbances; but by comparing the 
results of a largo aumber of observations, the ' 
fluctuation, which in these islands amounts to l 
about 0*5 mm. on tho moan of the year, can bo 
clearly made out. In Paris eleven years’ obscr- ; 
vation shows that the mean barometric oscillu- , 
tion amounts from 9 a.m. to 3 p.m. to 0*750 mm., ^ 
and from 3 p.m. to 9 p.m. to 0*373 nun. Tho | 
amount of tho diurnal variation differs during 
the seasons of the year, being greater in summer : 

* For farther details see Buchan, * The mcui pressare , 
of the Atmosphere and the preTiiilint? Winds over the 
Globe for the Months of the Year' (T.E.iS)', also Julius 
Haon's Krdiunde; and B. H. Scott’s HUmetUatTf A/e- 
ietuvioyy. 


than in winter. This peculiar phenomenon baa 
given rise to much discussion, but as yet tho 
cause cannot be said to be satisfactorily deter¬ 
mined. Unlike tlie oceanic tide, it cannot be 
ascribed to the influence of the moon, since 
Bouvard has shown that the portion of the 
horary oscillation of tho pressure of the atmo¬ 
sphere which depends on tlic attraction of the 
moon cannot raise tho mercury in tho barometer 
at Paris more than 0*018 mm., whilst the total 
variation deduced from tho 11 years* observation 
amounts to 1*129 mm. Tho fact that the two 
maxima of pressure occur when the temperature 
is about cipial to the daily mean, and tho two 
minima when tho temperature is at its highest 
' and lowest, lias led to tho supposition that the 
fluctuations in pressure arc connected with the 
daily march of temperature, and also with the 
humidity of tho air. Dove, Sabine, and Hopkins 
have offered explanations based on sucli con¬ 
nections, but they arc insuflicient to account for 
tho facts. Lamont and Brown have sought to 
refer the phenomenon to the magneto-electrio 
influence of tho sun, or in other wonls to connect 
it with tho causG of tho diurnal changes in ter¬ 
restrial magneti.sm. Tlicro is every reason for 
supposing that tlic cause of tho diurnal variation 
in atmospheric pressure is in some way depen¬ 
dent on, or originales with, tho sun, but that its 
elTeets arc greatly modilieJ by a variety of local 
or accidental circumstances, as for example the 
prevailing winds, Iho amount of moisture in tho 
air, and the relative distribution of land and 
water. 

The atmosphere appears to rceoivo its heat 
(1) from the direct rays of tho sun, (2) by tho 
reverberation of those rays from tho Burfaoc of 
the earth, (3) by contact with tho ground, 
and (1) through tho influence of aqueous 
vapour. 

Alllioiigh the air is not absolutely diaihor- 
maiious, the hc.at received by t)>e air from the 
direct rays of tho sun is tho least important of 
tho sources enumerated. We know very little 
at present as to wlietiier the diathermancy of 
air varies with its density: that is, wo have 
little evidence to determine whether the absorp¬ 
tion of the sun’s rays incrcaso.s as they pass 
further into an atmosphere compressed by its 
own weight. 

The greater portion of tho heat which And* 
its way into tho atmosphere is due to radiation 
from the earth’s surface and to the air being in 
contact witli the ground. Tiic amount of heat 
thus sent into the air depeiWs to a great extent 
on the nature of tho .soil which receives tlie 
sobir radiations and on its cap.acity for retaining 
iu'at. Hence placiis in the sumo latitudes and 
not very far distant from each other, and in the 
same condition a.s regards protection, may have 
very ditTcrent mean temperatures on account of 
the different capacities of various soils for ab¬ 
sorbing and retaining heat. 

Aqueous vapour is one of the most important 
agents in modifying the temperature of the 
atmosphere. A relatively largo amount of heat 
is rendered latent in tho process of evaporation 
from tho surface of the earth, and becomes sen¬ 
sible on tho condensation of the vapour in the 
ujiper regions of tho air. Aqueous vapour also 
I acts even when in the condition of a perfect gas 
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by retarding the tranemieeion of aim'e raye 
through the air. As the quantity of aqueous 
▼apour decreases as we ascend through the 
atmosphere, it follows that the amount of this 
absorption increases as the sun’s rays penetrate 
farther into the atmosphere. 

The temperature of the atmosphere varies 
with a multitude of causes, such as the latitude, 
the season of the year, tlio hour of the day, the 
degree of humidity, (%c. Among the causes 
which tend to raise the temperaturo of the air 
may bo enumerated: the proximity of a western 
coast in the temperate zone; the divided con¬ 
figuration of a continent into peninsulas with 
deeply indented bays and inland seas; the aspect 
or position of a i>ortion of the land with reference 
either to a sea of ice spreading far into the polar 
circle, or to a mass of continental land of con¬ 
siderable extent lying in the same meridian, 
either under the equator or at least within a 
portion of the tropical zone; the prevalence of 
southerly or westerly winds on the western shore 
of a continent in the temperate northern zone; 
chains of inoiinlains acting as protecting walla 
against winds coming from colder regions; the 
infrequoney of swamps whicli in the spring and 
beginning of summer long remain covered with 
Ice; and the absence of woods in a dry sandy 
soil; finally the constant serenity of the sky in 
the Hummer months; and the vicinity of an 
oceanic current bringing water wJiicli is of a 
higher temperature than that of the surrounding 
Bca. 

On the other liand, the following causes lower 
the tomperaluve of the air of a place: elevation 
above tlie level of tho sea, when not forming 
part of an extended plain; the vicinity of an 
eastern coast in high and middle latitudes; the 
compact configuration of a continent having no 
littoral curvatures or bays; tho extension of 
land towards tlic poles into the regions of per¬ 
petual ice without tho intervention of a sea 
remaining open in tho winter; a geographical 
position in which tho eciualorial and tropical 
regions are occupied by the sea, and conse¬ 
quently the absence under tho same meridian of 
a continental tropical land having a strong 
capacity for tho ahsurption and radiation of 
heat; mountain chains whose form and direc¬ 
tion impede tho access of warm winds; the 
vicinity of isolated peaks occasioning the dc- 
BCent of cold currents of air down their declivi¬ 
ties; extensive woods which hinder the insolation 
of tho soil by tho ^i(al activity of their foliage, 
whiol) produces great evaporation owning to the 
large surfac^e it exposes, and increase the sur¬ 
face tliat is cooled by radiation, acting conse¬ 
quently in a three-fold manner—by shade, 
evaporation, and radiation; the frequency of 
swamps or marshes which in the north form a 
kind of subterranean glacier in the plains lasting 
till tho middle of summer; a cloudy summer 
sky which W’cakens the action of the solar rays; 
and finally a very clear winter sky favouring 
the radiation of heat (Humboldt: Tieclierches 
•nr la Games dcs Inflexions dcs Lignes Jso- 
tJarmes. See also Mohn’s QrundzUge der 
Meteorologie), 

The temperature of the air varies in difforent 
strata of tho mass, decreasing generally after a 
certain elevation in proportion as the distance 


from tha snrfsoe inoreflisss, btit U is utA 
possible to connect the diminntion in tempera¬ 
ture with the elevation in accordance with any 
definite law. It is usually assumed that the 
temperature falls about 1°0. for every 300 feet 
of perfectly dry air. As, however, the air in- 
variably contains moisture, which is condensed 
by cooling and so produces heat, the decrement 
may be taken practically at about 1®C. for every 
300 foot. This estimate can only be taken as an 
extremely rough approximation, for it is obvious 
that the rate of cooling must bo affected by a 
great variety of causes. Indeed the extensive 
scries of aeronautical observations made at the 
instance of the British Association showed 
such great irregularities in the rate of diminu¬ 
tion that Mr. Glaisher concluded that no law 
exists. 

The atmosphere always contains free electri* 
city, which is generally positive, that is, of an 
opposite kind to that of the earth. Atmospheric 
electricity increases rapidly after sunrise, and 
reaches its first maximum for tho day at about 
8 A.M. In general tho variation in potential fol¬ 
lows the diurnal range of atmospheric pressure. 
In summer the hours of maxima appear to be 
8 A.M. and 10 i\m. and the minima 4 a.m. and 
4 p.M. In winter the hours of maximum intensity 
are 9 a.m. and 10 p.m. and the minima 4 a.m. and 
4 P.M. This diurnal variation seems to depend 
mainly on the degree of humidity of tho air, the 
humid months manifesting the greatest potential. 
Tho potential seems to increase from July to 
January, and then to decrease. According to 
Everett, the maxima occur in February and 
October, and the minima in June and November. 

In clear weather the air is usually positively 
electrified; it is only during rain, or more 
properly speaking when ruin begins, that the 
electricity is negative. On the approach of a 
storm the air is almost invariably negatively 
electrified, oven when the storm-clomls are at 
a considerable distance from the place of obser¬ 
vation. When rain begins, the drops show nega¬ 
tive electricity like the air. In light rain the 
potential is moderate, but heavy rain is almost 
invariably accompanied by a high i^otential. 
Dollmann’s observations have shown, however, 
that tho air may have a very high polcntial, 
extending over many days, without any other 
evidences of an approaching storm. 

• The sources from which the electricity of the 
atmosphere is deriv cMl are not clearly recognised. 
Be la Hive attributed it mainly to chemical 
action at work on the earth; Pouillet to the 
evaporation of water; Volta and Saussure to 
tho inequalities of atmo.spiicric temperature. 
In all probability atmospheric electricity is not 
wholly due to any one of these causes: they 
may all be regarded as contributing to the 
amount. * 

The sun’s light in its passage to the earth is 
partially absorbed and reficctcd by the atmo¬ 
sphere. Clausius has calculated that of the 
direct sunlfght entering the atmosphere on a 
clear day 6*4 p.c. is absorbed, 18'G is reflected 
and diffused, leaving therefore 75 p.o. to reach 
the earth. This light is, of course, refracted 
in its passage in amount depending upon the 
density of the air. Each ray entering the at¬ 
mosphere otherwise than perpendicularly may ba 
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npposed to 8«8orib« • com in o<nniQg to the 
eitfihi and as objects are seen in the tangent of 
the curve on entering the eye, all celestial bodies 
not in the zenith appear farther removed from 
the horizon than they actually are. 

The refractive power of dry air free from 
carbonic acid is the mean of the refractive powers 
of the oxygen and nitrogen under the pressure 
which each gas exerts in the mixture. This 
fact furnishes a proof of the physical nature of 
the atmosphere; since, as Dulong has shown, the 
refractive power of a compound gas is not equal 
to the refractive powers of its components, but is 
sometimes greater and sometimes less. Moist 
air is rather less refractive than dry air: precipi¬ 
tated vapour, as mist or fog, slightly increases 
the refractive power. 

Although many of the more striking physical 
properties of the air were recognised even in the 
earliest ages, it is only within comparatively re¬ 
cent time that anything very dclinito has been 
known concerning its chemical nature. 

It had long been observed that many metals 
on exposure to fire lost tlneir peculiar lustre, 
and it was also known that by tlic j)rolongcd 
action of heat they were ultimately converted 
into calccR or earthy ]>()wders often i>osscssing 
cliaracteristic colours. The fact that the calx 
weighs more than the metal from which it was 
derived was known to Oeber, andwas well under¬ 
stood by the alchemists of tlio 16th centiuy. 
Cardan (1506-1576) in noticing the increase of 
weiglit which accompanies tho calcination of 
lead, says that it is duo to a gas (Jlatus) whicli 
feeds llaiiio and rekindles a body presenting 
an ignited point; and Ccsalpinus in tlie />.3 
Mdallids (published at Nuremberg in 1602) 
also states that tho ‘crasse* which forms on 
the surface of load exposed to heated air con¬ 
tains an aerial substance which increases the 
weight of tlio motal. llcy of Perigord seems to 
have first dearly recognised that tho augmenta¬ 
tion in weight was due to the action of tho air. 
‘Je rcs]>on<ls et soutiens gloriousoment quo co 
surcroit do poids vient do Pair qui dans lo vase 
a 6te tqiaissi.’ Hooko in 1665 asserted that air 
contains a principle analogous to if not identical 
with that contained in nitre, and ho seems to 
have believed that a certain portion only of Iho 
air is required to support combustion and re- 
spiration. Tho conception of the complex nature 
of the air was greatly strongthenod by tlie obser* 
vations of Mayow on respiration : lus experU 
niouts are so precise and his fuels so incontest¬ 
able tliat, to (juote Chovreul, one is surjvrisod 
that the truth was not fully recognised until a 
centui-y after his rcsoarclios. lloylo also con¬ 
siderably extended ourjcnowlcilgc of thophysic^al 
and chemical constitution of tho air in tho 
various treatises whicli ho published between 
1672 and l(;y2. * 

Two years after tho sagacity of Rutherford 
bad demonstrated tho existence of nitrogen, 
Priestley obtained oxygen gas by heating the 
calx of mercury or red precipitate. Tho signifi¬ 
cance of this discovery in its relation to the 
constitution of tho air and true nature of calci¬ 
nation was first clearly and irrofragably demon¬ 
strated by Lavoisier. By heating hiercury in 
eontact with a measured volume of air, he 
showed that about one-fifth of the volume of 


the dz if obsofbed thf metal the forma¬ 
tion of *red preoimtate,' from which the gai 
can be recovered by heating to a still higher 
temperature, and that the remaining four-fifths 
had all the properties of the ^mephitic air,* or 
nitrogen, of Rutherford. This experiment not 
only demonstrated the compound nature of the 
air and tho character of its constituents, but it 
also showed approximately the relative quanti¬ 
ties in which these constituents were present. 
It was of course quickly recognised that the 
active properties of air depeu.lcd upon oxygen, 
and it was reasonable to assume that the rela¬ 
tive amount of this gas determined the quality 
of air; hence arose tho art of oiulioinctry. 
Priestley, who discovered nitric oxide in 1772, 
had observed that this gas became reil in con¬ 
tact wit h the air and that the ruddy gas, unlike 
nitric oxide, was readily soluble in wat'-r. When 
it was subsequently ascertained that tim forma¬ 
tion of tho soluble red gas was duo to the action 
of oxygen on the nitric oxide, the idea of baaing 
a oudiometric method upon this read ion waa 
suggested by Priestley. Careful experimenters 
were, however, unable to distinguish air which 
was reputed to be unhealthy from that which 
experience had proved to bo beneficial and 
salubrious. Tlius, in Priestley’s liands, air 
from the country seemed no better than that 
■ obtained from tlic worst-ventilated workshops 
of Birmingliam. Cavendish, after a critical 
examination of tho method, made numerous 
analyses of air. ‘During the last half of the 
year 1781,’ be says, ‘I tried the air of near 
sixty dilTerent days in order to find whether it 
was sensibly more phlogisticated at one time 
than anotiier, but found no dilTercnco that I 
could be sure of, though tho wind and weather 
on tliese days wore very various, some of them 
b«.‘ing very fine and clear, others very wet, and 
others very foggy . . . On the whole, lliero is 
gn'iit reason to tliink that the air was in reality 
not sensibly more dcphlogistlcated on any one 
of the sixty days on whicli I tried it than tho 
rest.’ Cavetulish devised a scale of graduation 
applicable lo all nitric oxide eudiometers, by 
moans of which the late Dr. Wilson calculated 
that the mean of his results furnished the 
following numbers, expressing tho centesimal 
composition of the air by volume; 

Oxygen . . . 20-8.33 

Nitrogen . . 79*167 

100-000 

Cavendish concliidea hia^ccount of thoao 
observations by pointing out tho character of 
the information furnished by tlio eudiometer, 
l^lymologicully the name was without signiCi- 
ttance. ‘In so far a^' the instrument tokea 
cognisance of the impurity of tlie utmosphew, 
it Ijctrays no dilTerencc between one 8])ecimen 
of air and another; so that, apparently, there 
are no <lcg'i-oes of goodness lo be measured .... 
Thus it may be inferred that our sense of 
snirlling can, in many cases, perceive infinitely 
smaller alterations in the purity of the air 
tlian can be perceived by the nitrons test* 
(Cavendish, ‘Account of a New Eudiometer/ 
T, 1783). 

These conclusions were confirmed by Hum¬ 
boldt and Gay-Lussao in their celebrated 
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memoir on the eompoeition of the air. published 
in 1804. They employed the eudiometno method 
of Volta, explosion with hydrogen, and from 
nn extensive series of analyses made on air 
collected in the most variable weather they 
concluded that 100 vols. of air contained 21 of 
nxygen and 70 of nitrogen. 

The constant proportion of tlie two principal 
constituents of the atmosphere appeared now 
to bo so well established that many chemists, 
after the recognition of the atomic theory, were 
inclined to think that air was a definite com¬ 
pound of oxygen and nitrogen. The two main 
constituents of the air arc, however, not present 
in the simple ratio demanded by the law of 
Gay-Lussac. There is no evidence of chemical 
combination on mixing oxygen and nitrogen in 
the proportion in whicli these gases are present 
in air: the properties of tlio mixture arc identi¬ 
cal with those of air and are such as might bo 
predicated to result from such a mixture. 
Moreover, oxygen and nitrogen can be isolated 
from sir by mechanical means, or by taking 
advantage of the diCforcnt intestinal movements 
of the gases. Graham se])aratcd the gases by 
atniolysis, and Bunsen (lemonslrated that the 
two gases wore absorbed by solvents on which 
they exerted no chemical action in exact accord¬ 
ance with the law of partial pressures. Lastly 
the more accurate oudiometric processes of the 
last forty years Iiavo shown that the proportion 
of oxygen to nitrogen oven in so-called normal 
air is not absolutely constant. This fact was 
first clearly demonstrated by Bunsen: in a 
series of analyses made du^ng January and 
February 1840, ho found that the percentage 
amount of oxygon varied from 20-97 to 20 84 
by volume, i.e. a dilYeronco of 0-13 p.c., whereas 
the error of experiment never exceeded -03 p.c. 
Even wider variations were found by llegnault 
in the course of a long series of analyses made 
on air collected in dilI(*ront parts of the world. 
In more than 100 analyses of air taken at 
various tim<?s of the year in and about Paris the 
lowest quantity of oxygen found was 20-913 and 
the highest 20-990; an extreme difference of 
0*086; the cxperinicnlal error being 0 02 p.c. 
Air collected from different parts of Europe, 
from valleys and from the tops of mountains 
and during diiTerent seasons of the year, showed 
variations in the amount of oxygon from 20 903 
to 21‘0 p.c. 

Angus Kmilh found similar differences in 
London air in % course of numerous analyses 
made during 1869; the percentage amount of 
oxygen varied between 20-857 and 20-95. That 
these variations are duo to local or accidental 
causes in the case of a town is established by 
the circumstance that the air in the streets is 
almost invariably poorer in oxygen than the 
air of the parks and open spaces. As types of 
normal air, Angus Smith found the following 
means of numerous analyses of air in Scotland 


<1863-5): 

Oxygen 

Seashore and the heath 20-999 
Tops of hills 20-98 

Kot mountainous 20-978 

Forests 2097 


tn marshy places the oxygen sank as low as 
20‘922. 


In Glasgow, in a series ol 80 analyses the 
oxygen varied from 20-889 in the closer parts 
to 20'929 in the more open places. A. B. Leeds 
found that the air of New York showed varia¬ 
tions from 20 821 to 21-029 p.o.; and lastly 
Jolly found that air in Munich freed from car¬ 
bonic acid and aqueous vapour varied in weight 
as much as 9 mgm. per litre, this variation 
depending upon the direction of the wind. By 
eudiomctric measurement ho obtained variations 
from 20*53 to 21*01 p.c. Southerly winds as a 
rule showed arelatively low percentage of oxygen. 
According to E. W. Morley these doliciencies in 
the relative amount of oxygen arc to be attributed 
to the down-rush of air poorer in oxygen from 
the higher regions of the atmosphere. It was 
conjectured by Dalton and Babinet that air in 
the upper strata of the atmosphere contained 
relatively less oxygon than that immediately 
above the earth. 

From BognauU’s observations it would seem 
that sea-air contains slightly less oxygon than 
land air. The mean of 17 samples collected in 
tlic Arctic Bcas was 20-91, the extremes being 
20-94 and 20*85, The mean of all the samples 
collected at sea was 20-84 ; in a scries of twenty 
only five showed amounts of 20*96 and upwards. 
On the other hand, the observations of Lewy indi¬ 
cate that sea-air difiers but little in composition 
from land-air, but that in the tropics it expe¬ 
riences close to the sea a diurnal variation in 
the amount of oxygen and carbonic acid, duo 
to the action of Ibe sun’s heat in disengaging 
these gases from the water. Subsequent ex¬ 
periments on the composition of air over the 
sea have not confirmed these observations so 
far as the carbonic acid is concerned (vide 
vifra). 

Wo have comparatively little information in 
regard to the relative quantities of the consti¬ 
tuents of tho air at great heights. Such 
experimental evidenco as exists seems to indi¬ 
cate that air contains relatively less oxygen 
in the higher strata than near tlie surface of the 
earth. 

Very little is known respecting the proportion 
of ozouii in tho atmosphere, or of the circum¬ 
stances which influence its production. The 
ozonometric methods hitherto devised are in¬ 
capable of affording accurate quantitative esti¬ 
mations. Air over marshes or in places infested 
•by malaria contains little or no ozone. No 
ozone can be detected in towns or in inhabited 
houses. 

Houzeau (A. Ch. [4] 27, 5) determines the 
rolativo amount of ozone in the air by exposing 
strips of red-litmus paper dipped to half their 
length in a 1 p.c. solutiop of potassium iodide. 
Tho paper in contact with ozone acquires a 
blue colour from tlie action of the liberated 
potash ifpon the red litmus. The iodised litmus 
paper is preferable to iodised starch paper 
(Schdnbein’s test-paper) which exhibits a blue 
coloration with any reagent which liberates 
iodine, e.y. nitrous acid, chlorine, d-c. From ob- 
Borvations made with iodised litmus paper 
Houzeau concludes that ozone exists in the air 
normally, but tho intensity with which it acts at 
any given jioint of the atmosphere is very vari¬ 
able. Country air contains at most u v m 
its weight or ol its volume ol ozone. 
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The freqtienoj of the ozone manifestationz 
varies with the seasons, being greatest in spring, 
strong in summer, weaker in autumn, and 
weakest in winter. The maximum of ozone is 
found in May and June, and the minimum in 
December and January. In general ozone is 
more frequently observed on rainy days than in 
fine weather. Strong atmospheric disturbances, 
as thunder storms, gales, and hurricanes, arc 
frequently accompanied by great manifestations 
of ozone. According to Houzcau atmospheric 
electricity appears to be the most active cause 
of the formation of atmospheric ozone. 

The existence of hydrogen peroxide in air was 
first established by Meissner in 18()3, but we 
have no knowledge of the proportion in which it 
is present. All information as to its relative 
distribution is obtained from determinations of its 
amount in rain water and snow. The proportion 
seems to vary, like that of ozone, with the seasons 
of the year and with the temperature of the air. 
It is not improbable that the amount of hydro- j 
gen peroxide in air is greater than tiiat of ozone, i 
and it is possible that many so-called ozone | 
manifestations are in reality duo to peroxide of i 
liydrogen (i\ Houzeau, C. Si. 70, 491; Sclidn- i 
bein, J. pr. 100,270; Meissner, J, 08,181; Schone, ! 
B. 12. 010 ; 18, 1503). j 

The amount of agueous in the air is 

subject to great variations. It depends princi- ; 
pally upon the temperature, on the distance i 
from the ('quator, and on the level of the sea; on I 
the form in which t!ie aqueous vapour is pre- i 
cipitalcd; on the connexion between such pre- 
cipitations and the change of temperature ; and 
on the direction and succession of winds. The 
air is rarely saturated with aqueous vapour. In 
our moist climate saturation is sometimes very 
nearly attained, but in sonic parts of Central 
Asia, Kassia, and Afrien, extraordinary degntes 
of dryness liave been iioticod. In these islands 
the most humid month is January, and the dries 
is May. 

The cxislcnco of carbonic acid in the atmo¬ 
sphere was first infeired by Dr. ^fuebride of 
Dublin, in 1701, from the observation that 
quicklime after exposure to tho air effervesced 
on treatment with an acid. From the case with 
which determinations of its amount may be 
effected our knowledge of tho distribution of 
atmosiiheric carbonic acid and of liic causrs 
which affect its proportion is probably more 
precise than in tho case of any other consti¬ 
tuent of tho air. In fresh country air tho 
amount is rcm.arkably constant, and may he j 
stated as about *034 p.o. In largo towns and i 
cities it is usually greater; thus Angus Smith, 
from numerous analyses mado in London during 
November 1809, found ns a moan *014 p.C.: in 
upwards of 70 analyses the proportion fell below 
•04 p.c. on only 5 occasions. In Glasgow, Smith 
<ound on an average ’O.' p.c. The amount will 
of course be affected by any circumstances 
which interfere with the rapid diffusion of tho ' 
carbonic acid produced by respiratioli and the 
combustion of fuel: hence during fogs the pro¬ 
portion is very greatly increased, an amount 
as high as 0-1 p.c. having been occasionally 
noticed. Smith gives the following summary 
of results obtained in Manchester {Air and 
Bain, p. 52). 


In Manchester streets in usual weather *0403 

During fogs.*0079 

Where tho fields begin .... *0309 
In country air the amount of carbonic acid is 
invariably greater at night than during the day. 
This remarkable diurnal variation was first 
pointed out by Saussure (P. 19, 391), aud has 
i been fully confirmed by subsequent observers. 
: Thus, as the moan of numerous analyses made 
I at Clermont-Ferrand, Truchot {G. It. 77, 675) 
obtained during the day *0353, and during tho 
night *0103 also G. *F. Armstrong. Vr. 1880. 
313; and Muntz a. Aubin, 0. It. 92, 1299). 
These differences aro mainly duo to tlio exha¬ 
lation of carbonic acid from plants at night. 
In tho air of towns, and in the absence of 
vegetation, no such diurnal variations can bo 
detected. 

Tho amount of carbonic acid in tho air is 
not sensibly altered by rain : this indeo.d would 
follow from tho law of partial pres.mire. Over 
tlio sea the amount of carbonic acid is about 
*03 p.c., and, contrary to the statement of Lewy, 
no diurnal variation in tho amount can be 
perceived (Tliorpc, C. J. [2J 6, 1H9). Hchulzo 
{handw. 14, 3(W)) obtained 

similar results with sea air at Kostock: tho 
moan of a large number of observations made 
from 1808 to 1871 was •0292 p.c. No definite 
change in the amount was observed at different 
seasons of the year or at different tiim s of the 
day. Fog and also a fall of snow were often 
associated with an increase of carbon dioxide 
, (a. also Fittbogen a. llassclbarlli, C. C. 1874. 

; 091). 

I Very little is known concerning tho distribu- 
j tion of carbonic acid in tljo liij'her strata of 
the atinospliere. According to Sanssiiro and 
Helilagcnlwcit the annmnt of carbojile acid on 
the mountains is greater than on tho ))iainB: 
Truoliot, however, found only *0203 on tho top 
j of tlie Puy-do-Domc (11IG m.), aud '0172 on tho 
! IVak of S.ancy (1881 ni.), as against ’OlllS at 
j Clermont-Ferrand. Additional observations are 
r required. 

j The existence of nitric acid in the air was 
j first inferred by Priestley. The amount, how- 
! ever is so small that it can only bo detected 
' in rain - water. Nilroxy;: n compounds aro 
occasionally produced during tlmnder-storms, 
and it is said that tlie rain collected during 
a storm often contains notable quantities of 
nitrous and nitric acids. BoussingauU found 
that a million parts of ruin wTiter contained 0‘83 
I>art8 of nitric acid. Ituitthardt found in hail¬ 
stones collected during a thunderstorm 0’626 
parts per million. 

According to Darral each hectare at Paris 
receives annually from the rain about C3*0 kilos 
of combined nitric add. Bineau found that 
1 litre of rain-water at Jiyons contained in 
winter 0‘.3 mgm. nitric acid; in spring 1*0; in 
summer 2'0 mgm.; and in auliirnn 1*0 mgm. 
Bobierre found that a cubic metro of rain-water 
collected at Nantes in lbC3 contained on an 
average 7*3G grams in the upper part, and 
5'GB2 grams in the lower part, of the town (C.P. 
18G4, 755). Angus Smith {Air and Pain, p. 287;- 
obtained the following results from a large n um ., 
ber of observations on rain-water. 
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yuriecuid 

<pte. per mUlioa) 

Bootland: inland ooantr; places . . O'SOS 

Ireland—Valentia.O-dlO 

England—sea coast country places . . 0’371 

Scotland „ country places, west. 0'372 

„ „ „ east. 0-476 

„ „ M average 0-424 , 

Liverpool. 0*582 

England: inland country places • . 0-749 ! 

London: 1869 O'BIO 

England: towns.0-803 

Manchester: nioan of 18G9 and 1870 • 1*032 ! 

Scotland: towns (CSlaigow excluded) • 1*164 
Glasgow.2-430 

The amount of nitric acid in the rain-water 
ot towns is uniformly greater than in rain¬ 
water collected in the country, from which wo 
infer that much of the nitric acid in the air is 
due to the oxidation of ammonia derived from 
the decomposition of nitrogenous organic mailer. 

The amuwnia in tlie air exists partly as 
carbonate, partly as nitrate and nitrite; ammo¬ 
nia itself being converted into nitrous and nitric 
acids and water by ozone. Soheolo observed that 
a bottle containing hydrochloric acid bccaiiio 
coated near the Btop 2 )er with a film of salammo- 
uiao on exposure to the air. A piece of pipe¬ 
clay heated to redness and exposed to the air j 
for a few day.s yields a perceptible amount of 
ammonia when reheated: this is not the case if 
the clay is kept in a stoppered bottle. 

Tile quantity of ammonia contained in tho 
air is extremely variable: tho results on record 
differ from 135 to 0*1 of ammonia (calculated 
as carbonate) in 1,000,000 parts of air. Frosenius 
found that a million parts by weight of air con¬ 
tained daring tho day 0*098 parts of ammonia, 
and during the night 0169 parts. According to 
H. T. Brown tho amount ordinarily present is 
much larger than this: a million parts of country 
air at a height of 2 metres from tho ground 
contained from 5*1 to 6*08 parts; the sumo 
amount of town air contained from 4*06 to 8-73 
parts of ammonium carbonate (7V. IS, 28()), 
Direction of wind appears to have no intiuenco 


in ^ eoantry contained from 0*937 to 1*141 
pte. of ammonia. Water collected in towni 
always contains much larger amounts than that 
collected in the country. Barrel found that 
1,000,000 parts of Paris rain-water contained 
3*49 pts. of ammonia. Angus Smith obtained 
1‘07 pts. of ammonia in the rain-water of inland 
country places in England, whereas the water 
collected in the inland country places and more 
sparsely populated districts of Scotland con* 
tained only 0*53 pts. of ammonia per milliom 
The rain water of London contained 3*45; that 
of Liverpool 5*38; that of Manchester 6*47; and 
that of Glasgow 9*10 parts per million. Thelarger 
proportion in tho cities is due to the influence 
of animal life and to the constant presence of 
azotised organic matter in tho air of thickly 
populated districts. Dews and fogs and snow 
always contain larger quantities of ammonia 
than rain-water. (For references, see Angus 
Smith, Air and Bain.) 

In addition to those substances- oxygen* 
nitrogen, carbon dioxide, ozone, wator-vapour, 
ammonia, and nitrous and nitric acids—which 
are the essential and necessary constituents of 
atmospheric air, it frequently contains a variety 
; of accidental substances such as common salt, 
alkaline sulphates, and organic matter dead and 
living, derived from tho proximity of tho sea 
and of marshy districts, or to tho influences of 
towns. Moscati nearly 80 years ago observed that 
the dew condensed on bottles filled with ice and 
suspended over tho rice-fields of Tuscany, when 
collected quickly became putrescent and de* 
posited flakes of a body containing nitrogen; 
and similar appearances were noticed byBigaud 
do Lisle in 1812 in the dew collected in the 
marshes of Languedoc. The water deposited 
flakesofnitrogenisedorganiematterandgavewith 
' silver nitrate a precipitate which became imme* 
i diatolypurplc. (Compare A.H. Since, JV.20,'1-42.) 
j Vogel also observed that the moisture condensed 
; on cold surfaces in inhabited rooms quickly 
became putrid owing to the presence of organlo 
matter resembling albumin. Angus Smith found 
I that the moisture condensed from breath after 
1 standing for some time formed a thick glutinous 


on the amount. Tlio quantity decreases iiftor mass, which was seen under the microscope to 
heavy rain hut is restored to the normal anionnt j be a closoly-mattod confervoid growth. Between 
^bout 6 pts. in 1 , 000 , 000 ) in a few liours. ’ the stalks of the confervie a number of greenish 
Truchot (C. R. 77, 1159) found from 0-93 to . globules were to be seen in a state of constant 
3*79 mgm. per cubic metre in the air of Auvergne, ] movement; also various species of volvox accom* 
tho highest results being obtained on misty days ' panied by monads many times smaller. As far 
and the lowc.st qp clear days. From observa- back as 1722, Loewcnhoeck {Opera omnia, voL 
tions made on the' ruy-de-DOme, Truchot con- I i. 1722) showed that rain-water, even when 
eludes that the quantity increases with the ! recently collected, contained infusoria derived 


elevation and is greater in cloudy tlmn in clear , apparently from the air. Similar observationi 
air. On the other hand, Muntz and Aubin i were made by Ehrenberg and Gaultier deClaubry 
(C.B. 95, 788). from observations made on rain- | (C. ii. 41, 645). The first attempt to throw 
water, find that the upper strata of the air ; light upon the question of the relative distribu* 
contain much less ammonia than air near the tion of the organisms present in air was made by 
surface of the earth. Nitric acid also was Pasteur, by subjecting certain putrcscible sola* 
entirely absent from rain water collected at an tions to the action of the air obtained from 
elevation of 2877 m. Lewy (0. B. 91, 94) finds various localities. 

that tho air in summer contains invariably larger Tyndatl (Les Microbes, Paris, 1882) hoi 
quantities of ammonia (2*3 mgm. NH, in 1000 shown that tno micro-organisms contained in 
o.m.) than in winter (1*7 mgm. in 1000 c.m,). air arc rapidly deposited in the absence of any 
The proportion of ammonia contained in strong aerial currents. Upon this fact Hessd 
rain water is as might be expected subject to {Mittheilungen ans dem kaiserlichen Gesund- 
equally wide variations. Lawos and Gilbert lieitsamlc : Berlin, 1884) has based a method 
found that 1 , 000,000 pts. ot rain-water collected for quantitatively estimating the relative pio> 





▲TM€i6FEEBfi. 88S 


portloii o( n^oro-organisms in air. The method 
eonsisis in aspirating air through wide-mouthed 
glass tubes, coated internally with gelatine- 
peptone, prepared according to Eooh’s method, 
which is afterwards kept at a temperature of 
20®-26® for a few days, when the organisms 
which have been arrested—consisting of the 
various monads, bacilli, and micrococci, capable 
of development and growth in the nutrient 
gelatine—are recognised by the colonies to 
which they give rise. By means of this method 
Dr. Percy F. Frankland has made a number of 
estimations of the micro-organisms contained 
in the air of towns, and in the country, and in 
inhabited buildings. By simultaneously ex¬ 
posing small circular glass dishes partially 
filled with the nutrient gelatine to the action 
of the air, a rough estimate was obtained not 
only of the number of micro-organisms in a 
given volume of the air, but also of tlio number 
which fell during a given time on a definite 
horizontal area. As tiio mean of a series of 
observations made on the roof of tlie South Ken¬ 
sington Museum between Jan. and Juno 1B8G, 
it was found that there wore 35 organisms in 
•10 litres of air, whilst 279 was the average 
number wliich fell in 1 sq. ft. in 1 minute. 
Similar experiments made near Bcigate and in 
the vicinity of Norwich showed an average of 
14 organisms in 10 litres of air, whilst 79 fell 
per sq. ft. per minute. Experiments made in 
KensingtonCrardens, Hyde Park, and on IVimroso 
Hill, gave an average of 24 organisms in 10 
litres, and a deposition of 85 per sq. ft. per 
minute. At St. Paul’s Cathedral, 56 organisms ! 
were found at tho base, 29 in the Stone Gallery, 
and 11 in the Golden Gallery, in 10 litres of air. 
At Norwich Cathedral 18 at the base, 9 at a 
height of 180 fl., and 7 at 300 ft. In inhabited 
buildings great variations were observed; as a 
rule the number of micro-organisms was less 
than that found in the open air when the air of 
the room was undisturbed, but rose rapidly when 
the air was set in motion by draughts or by tho 
presence of many people (P. P. Prankland, Pr. 
40, 509). 

Angus Smith has sought to base a system of 
chemical climatology on the examination of rain¬ 
water collected under different conditions and at 
various places. Bain falling tlirough the air 
over the sea always contains common salt and 
sulphates, the latter in larger proportion to tUo 
chlorides than is found in sea-water. Tho sul¬ 
phates increase inland; they seem to bo a 
measure of tho products of decomposition, the 
sulphuretted hydrogen which is evolved in the 
putrefaction of certain organic compounds being 
oxidised in tho atmosphere. In largo towns, ilio 
amount of the sulphates is greatly inarcased , 
owing to the combustion of coal containing iron- 
pyrites. Indeed the rain water of large towns is 
froouentiy acid from the presence of free sul¬ 
phuric acid. ^Vhen rain contains 40 parts per 
million of free acid, vegetation is rapidly affected. 
Tho following analyses by Angus ^mitli will 
serve to show the general character of the rain¬ 
water (and tlicrofore of the impurity of tho 
atmosphere) in various parts of Great Britain. 
The results, which are the mean of many ex¬ 
periments, are expressed in parts per million of 
rain-water. 
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I. Amount of hydmohlorio acid (chlorides), 

TI. „ sulphuric ucld (i^nlpliiitc.^). 

Iff. „ uciilitv (free sulpUurio Held), 

IV. „ nniiiioiiia. 

V. „ albuminoid ammonia: dncompodtlOD 

of ortfunlo mutter. 

71. „ nitric acid. 

VII. 0 weight of oxygen rccjulred to oxidise 

organic matter (measure of or^nio 
matter und nltritoa). 

Although the atmosphere is subject to con¬ 
tinual change from a multitude of causes, suoh 
as llie respiration of animals and plants, the 
combustion of organic matter, various processes 
in tho arts etc., still from its imnirnse mass and 
uninterrupted motion suoh changes liavo only 
tho very sliglitest effect on its composition. Let 
us very brielly consider the chief circumstances 
which tend to infiuence the proportion of its 
components. 

Nitrogen is undoubtedly a primitive sub¬ 
stance: no other body occurs in such large 
quantities as an element. This gas is probably 
th(i source of all nitrogenous bodies, in tiro for¬ 
mation of which it is continually abstracted from 
tho air. A portion only of the nitrogen so 
abstracted finds its way back to tho air os such: 
tlie most considerable compensating inffuenoe 
known to us Is tho nitrogen evolved by volcanoes. 

By tho respiration of animals and the oxi¬ 
dation of the spent portions of their tissue, by 
the respiration of plants at night-time, and by 
tho combustion of fuel, largo quantities of car¬ 
bonic acid arc being continually added to the 
atmosphere. Enormous quantities also are 
evolved from volcanoes and other subterranean 
sources. Poggendorff lias indeed calculated that 
the amount so added is at least ten times as 
much as is derived from all other sources put 
together. Taking tho weight of carbonic acid 
in tho air as -06 per cent., it can be calculated 
from the area of the h^.rreetrial ubiato spheroid 
that tho weight of tlie carlituiio acid in the 
almosphcro is about 3,225^00 x 10 kilos (La 
Conte, P.M. [oj 15, 40; v. aHo E. IJ. Cook, 
P. M, [5] 14, 387).^ At least 50,000 million 
kilos of carbonic acid are daily added to the 
air. The main comj’ensating influence is of 
cour.se tho action of growingpliiuts in sunshine; 
carbon dioxide is ahto removed directly and 
indirectly by zoophytes and by certain chemical 
actions such as tho conversion of felspar into 
kaolin, Ac. Sterry Hunt (‘Chemical and Geo¬ 
logical Belations of the Atmosphere,* Am. 5. 
1880) has calculaUal that a weight of carbonio 
acid equal to more than twenty-one times that 
of our present atmosphere would be absorbed in 
the production from ortlioclase of a layer ol 
kaolin extending over tho earth's surface with ft 
thickness of 500 metres, an amount ropresentiog 
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atmosphere. 


but a small proportion ol the results o! fel- 
spathio decay in ^ sedimentary strata of the 
globe. 

Dumas and Boussingault, in their well-known 
memoir on the Comimition of tJui Air {A, Ch. 
[8] 3} made some interesting calculations on 
the duration of the supply of atmospheric oxy¬ 
gen. They found tliat, taking all the known 
eourcos of diminution, and assuming that the 
oxygen disengaged by plants compensates only 
for the causes of diminution at present unknown, 
then even in this oxaggc'rattid case three limes 
the amount of oxygen thus abstracted would 
only amount in 100 years to about of the 
total quantity, an amount barely appreciable by 
our most i!xact oudiomctric nielhods.— T. K. T. 

ATOMIC AND MOLECULAR WEIGHTS.— 
Two theories regarding the ultimate constitution 
of matter have opposed each other from tho 
beginnings of philosophy; one asserts that any 
mass of apparently Immngeneous matter is 
really liomogeneons; tho other alTirms that 
every portion of inallcr of sensible swo is built 
op of avast nmrbcrof small particles which are 
not Ihoinselvcs capable of furtlier sub-division. 
The earliest exponent of tho second theory of 
whom we possfiss any dcfin ii o record was the Greek 
philosopher Democritus, who flourished aboiit loO 
B.c. Tho doctrines of Democritus were devclo|>cd 
by Epicurus, and tho teachings of tho K]>icurcan 
philosophy aro prosorvod in tlio Latin poem of 
Lucretius (n.c. 0'.)- .'ifl). These early atomists 
tried to assign to the atoms, of wliicii tlicy said 
inatlor is composed, only such properties as 
Bhould Rullleo for Ihoir ]iresentation in time and 
space. They taught that nothing exists save 
atoms and empty space; that the atonis or ‘ iirst- 
beginniiigs,’ aro of many dilTonmt forms, and 
different weights, and tho number of utuiiis of 
each form is infinite; that all eliango is only 
combination or Reparation of atoms; and that 
♦he atoms aro in constant motion. To meet 
tho objection that if a mass of matter is at rest 
the parts of it cannot be in motiun, Lncrelius 
UflOR tho illuslralitui of a ilock of grazing slieep 
with Bki)>ping lambs; to one looking from a 
distance tlie tlock a]>pcnra as a white, motionless 
patch on tho griMUi hillside, but a closer view 
ehows that the pai ls (*f the flock are conliuiially 
changing their jm.^itions. Every atom, I.ucre- 
tlus asserts, is inde druelilde, and its motion is 
indestniiitihlo lik(!\viso; if this were not so liow 
could wo account for the preservation of fixed 
tjpes in naturo ? liosi's always bi'ur roses, and 
each animalreproducesits like, bec.ausethc ‘first 


the binding etatutos of time.*' The way to 
gain a knowledge of the laws of satnrct Lucretius 
teaches, is to examine natural events. (See for 
instance the analysis of the effects of the 
thunderbolt in Book vi. 323-398.) The differences 
between a hard body such as iron, and a soft 
body such as air, depend, according to Lucretius, 
on tho motions of the atoms of the two bodies; 
in tho liard body tho atoms move to and fro 
witliin very small distances, in tlie soft body 
they move freely and rebound from each other 
only at comparatively long intervals. ‘ Bodies 
are partly first-beginnings of things, partly 
I those which are formed by a union of first 
j beginnings.* • The latter are produced by the 
i atoms grouping themselves zucouci/fo; this term 
I seems to nuian oomething very like our expres- 
' sion in combination. The properties of tlie body 
formed by the grouping togctlior of atoms need 
not rc.setublc tho properties of the atoms them¬ 
selves (see, for instance, Book 1.015-920). Not 
only must tlie atoms enter into concilium with 
eacli other in order that any kind of matter may 
be produced, but tho properties of the matter 
thus formed de|)end on the mutual relations of 
: the atoms; ‘it matters much witli what others' 
and in what positions the same first-beginnings 
• of things are iield in union, and what motions 
tlicy do mutually impart and receive.’’ 

! Although this theory.wa.s so nearly complete, 
i yet, ns laught by Lucretius, it had few of ^sl^al we 
j now regard as the essential features of a good 
j scientific theory; it was not stated in terme 
wliich permitted of numerical applications to 
actual plionomena. Eew or no exact ap]jlica- 
tions of the theory could he made to natural 
plionomena. It was scarcely able to ju-edict 
eveaits in nature except in a wide and loose way. 
It savoured loo much of a dogma. It was rather 
I a speculation as to what might bo the cause of 
natural occurrences, tlian an attempt to deter- 
I mine w'liat tlie.se causes really Vero. 

I Tho teachings of tho Epicurean philosojdicvs 
! were opposed l>y those of the school of Aristotle. 

! Tlie Aristotelians iiiagnified the names of things 
' and made tlieiq as real or even more real than 
! tlie things themselves; tliey identified ‘modes 
! of predication with modes of existence ’ (Lange). 

I Matter occupied a foremost position' in tho 
’ ICpicurcan scheme of tho universe, but by tho 
I followers of Aristotle it was regarded only as the 
i 'potentiality of hocominganylhingor every thing.* 

1 Arlslulolianism prevailed in the middle ages and 
atomi.sm fell more and more into disrepute. 

! But in 1592, Gassendi, Canon and Trovost at 


beginnings ’ (or aloiiis) of which each is comjiosed ; Digno in Provence, roviyed the atomic theory of 
arc the same and arc never destroyed or worn the Greek philosophers, and attempted to found 
out. ‘Eirst-hcgiiniingsarcof solid singleness, and ' on it an interpretation of natural events. The 
in no other way can they have been ^iroserved j inlluetico of Gassendi was continued through 
through ages during infinite time past in order i Newton and Boyle; the former of whom, as we 


to reproduce things.’' Hero we see how clearly ! know’, deiftonstrated that not only do masses ol 
the early atomists recognised that every event in I matter attract each other, but that every par- 
nature occurs in accordance with strict laws, i tide of each mass attracts every particle of the 
Nothing happens by chance, was a fundamental ' othe~ mass with a force varying directly as the 

doctrine of these philosophers. ‘I . . . teach ' masses of* tlie particles and inversely as tho 

... by wliat law all things aro made, what : square of the distance between the particles. As 
necessity tlioro is then for them to continue in j Newton aecopted the atomic conception of tho 

that law, and liow impotent they are to annul structure of matter, his domonsiration of the 

action of the force of gravitation gave a now 

* Lucretius, De Rerum Naturn, I, 548-850 (Monro’s 

traaalfttion). • lA V. 55-58. • Id. I. 483-4. • Id. II. 1007-8. 
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point'll departure for thaoxy of atoms. 
wis time a soienoe of atomic physios became 
jmsible, Bui the difflouUy was, and still is, to 
forma olear mental piotureof the mechanism 
. of the action of the force of gravitation in terms 
of .the atomic Conception of matter. Newton 
gave the mathematical construction, and clearly 
separated this from the physical explanation 
wnioh belonged to the region of conjecture. 

. Not much was done, after Newton, to advance 
the application of the atomic theory until tho 
' early years of tho present century, when Dalton 
made a serious attempt to determine the condi> 
lions under which the atoms of elementary bodies 
unite to form the atoms of compound bodies. 

The great advance made by Dalton consisted 
'in his assorting tho possibility of finding tho rela¬ 
tive weights of the atoms of all kinds of matter, 
and in his demonstration of tho method whereby 
these relative weights could be determined. 

Many analyses of chemical compounds had 
been made before tho time of Dalton; tho 
results were usually stated in percentages, and 
they seemed to have but few mutual relations. 
R*ic>ter (1791-1802) had shown that a definite 
.mass of each acid combines with a specified 
mass of a given base; he had arranged several 
acids and bases in order of neutralisation. 
Fischer, in 1803, published a table of chemical 
equi^lents wliich expressed the quantities of 
bases which were of equal value as regarded 
power .pf neutralising a constant quantity of a 
sp^ified acid. Lavoisier, Cavendish, and others, 
Md to some extent grasped tho conception of 
the elements combining in definite proportions. 
They had never doubted that every olminical 
substance was of definite composition, and that 
it would be possible by careful analyses of many 
compounds to find the laws of elementary combi¬ 
nations. Proust had analysed several pairs of 
oxides of the same-metal; from some of liis 
numbers the law of combining weights inigiit 
have been deduced, had he stated his resull.s so 
as to i.how tlio quantities of oxygen in combina¬ 
tion with a fixed quantity of metal. 

Dalton analysed two campouuds of carbon and 
hydrogen, and found tlint in one there was twice 
as much hydrogen as in the other, combined with 
the Same quantity of carbon. He found similar 
. regularities in tho quantities of oxygon which 
combined with a specified quantity of carbon, in 
the quantities of oxygen which combined with 
a specified quantityof nitrogen, drc. Moaiiwbilo 
he.,had been thinking much regarding the 
nltimate particles of bodies; bo had pictured to 
himself a quantity of gaseous matter as rc- 
sembHng a neap of small shot, as built up of little 
definite pai'ts or atoms. * Ho saw how the facts 
of chemical combination ho had been studymg 
would help him to find the relative wc^glits of 
ibe»> small particles. Dalton’s genius recog¬ 
nised. tho unity which bound together so many 
diverse physical and chemical facts. He at once 
etated clearly the quantitative laws of ehemical 
combination and referred these laws to one un¬ 
derlying conception, tho conception namely of 
the atom,. *In all chemical investigations it 
has justiy been considered an important object 
to a;sc 6 rtain the, t^Uve weights of the simples 
‘which consUfut^ a compound. But unfortu- 
iiatelv the inquiry has terminated here; whereas 


; from the relative weights in the mass, the relative 
weights of the ultimate particles or atoms of the 
bodies might have been inferred, from which 
their number and weights in various other com¬ 
pounds would appear, in order to assist and 
to guide future investigation, and to correct 
their results. Now it is one groat object of this 
work to show tho importance and advantage of 
ascertaining the relative weigiits of the ultimate 
particles both of simple and compound bodies, 
the number of simple elemeiitary particles which 
constitute one compound p.i^-ticle, and tho num¬ 
ber of less compound particles which enter into 
tho formation of one more compound particle.’' 

Tliat he might determine the relative weight 
of tho*ultimalo particle’ of an element it was 
necessary for Dalton to liavc some means of 
.fixing tho number of particles of tliat element in 
one ‘ ultimate particle ’ of several of its com- 
pound.s. Thus, musses of hydrogen and oxygen 
combine in tbo ratio of 1 to 8; now, if wenssumo 
that tho ultimate particle, or atom, of water is 
9 times heavier than the atom of hydrogen, the 
most probable conclusion is tliat one atom of 
water is fonned by tho union of one atom of 
hydrogen, tbo mass of which is taken as Unity, 
with one atom of oxygen, the mass of which is 
8 thuos that of the hydrogen atom; but if we 
choose to assume that tho atom of water is 10 
times heavier than that of hydrogen, then the 
experinnailal results—1 of hydrogen oombines 
witii 8 of oxygen, by weight—aro most readily 
interpreted by saying that one atom of water is 
formed by the union of 2 atoms of hydrogen, 
weighing 2, with one atom of oxygen, weighing 
10. Wo cannot then determine howmany times 
tho atom of oxygen is heavier than that of hy¬ 
drogen unless wo have previously determined 
how many limes the atom of the compound 
formed by tho union of hydrogen and oxygen, 
that is the atom of water, is heavier than tha 
atoru of hydrogen. 

Dalton framed certain empirical rules re¬ 
garding the composition of tho atoms of com¬ 
pounds formed by tho union of two elements. 
His principal rules wore these: *If there are two 
bodies, A and D, which are disposed to combine, 
tho following is the order in which combination 
may take placo, beginning with tho most simple, 
namely: 

• latniii ofA+latom of Bslatom of 0, Idiiiiry; 

latom of a 4-2atonw of B=::l „ I), ternary; 

2 atoinnof A+1 iiloin of „ 1*). terioiry ; 

1 atom of A+3 iiLoms of ^ F, Hioitoniary; 

3 atoiiisof A+1 atom ofBsI „ (>, qnati-iuary.' 

Ao. Ao. 

‘1st. When only one combination of two 
bodies feloments] can bo obtained, it must be 
presumed to be a binary one, unless some cause 
appears to tho contrarv 

‘2nd. When two combinations aro observed 
they must bo prc.sumod to bo a binary and a 
ternary, 

‘ 3rd. Wiion three combinations are obtained, 
wo may expect one to be a binary, and tho other 
two ternary, 

‘ 4lh. When four combinations aro observed, 
we should expect one binary, two ternary, and 
one q^ternary, d:c. Ac.’ 

‘ From the. application of these rules to ths 

‘ Dalton, A Sev! Cff CKmiaA 
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ohemioftl laots already well ascertained, we 
deduce the following conclusions: Ist. That 
water is a binary compound of hydrogen and 
oxygon, and the relative weights of the two ele¬ 
mentary atoms are as 1:7 nearly [more correctly 
1:8]. 2nd. That ammonia is a binary com¬ 
pound of hydrogen and azote, and that the 
relative weiglits of the two atoms are as 1:5 
nearly [rqore correctly 1:4 C6]. ... In all 
these cases the weights are expressed in atoms of 
hydrogen, each of which is denoted by unity.’* 
Bat oven if these rules wore admitted, it was not 
always possible to lix tho relative weight of an 
elementary atom; thus, twocompounds of carbon 
and oxygen wote known to Dalton, containing, 
according to his analyses, 2*7 parts by weight of 
carbon combined with (i) 7 and (ii) 3*5 parts by 
weight of oxygen; hence, by rule 2, the brst of 
these is a compound of one atom carbon with 
one atom oxygen, and hence the atomic weight 
of carbon is 2-7, and the second is a compound 
of 2 atoms carbon (.»5'4) with 1 atom oxygen 
( = 3*5x2). But tho results of analyses might 
also be stated thus: (i) 5*4 carbon +14 oxygen, 
(ii^ 6*4 carbon -I- 7 oxygen; and tho conclusion 
might be drawn that tlio Qrst is a com|)ound of 
1 atom carbon (5*4) with 2 atoms oxyg(‘n (7 x 2), 
and tho second is a compound of 1 atom carbon 
(6*4) with one atom oxygen (7). Both ways of 
stating tho resnlts of experiments Avould be in 
keeping with Dalton’s rules, but tho first would 
lead to the number 2*7, aiul the second to the 
number .'5*4, as representing tho relative weight 
of the atom of carbon. Another objection to tho 
Daltonian rules of atomic syntheses was that, 
although to-day w(» may know of but one com¬ 
pound of two specified elements, to-morrow we 
may know of several compounds of these elements. 

Berzelius continued tho work which Dalton 
had begun; his aim was to discover tho laws of 
atomic combinations. Why does a specified 
element by combining with oxygen produce only 
two or perhaps throe dillerent oxuh^s ? Why <lo 
not tho elementary atoms combine in a groat 
many different ratios ? What aro tho limiting 
forms of tho compound atoms produced by tho 
union of any specified elementary atoms ? 
Berzelius busied himself witli such questions 
as those. And that ho might find some solu¬ 
tions to such questions, Berzelius was obliged 
to frame empirical rules, aa Dalton liad dono 
beforo him. 

Tho following may bo taken as an example 
of the Borzoliac^. rules. If an element forms 
two oxides with twice as much oxygon by 
weight in one as in tho other, relatively to a 
fxx^ mass of the clement, tho atom of that 
compound which contains tho smaller mass of 
oxygen is to be regarded as composed of one 
atom of oxygen and one atom of tho specified 
element, and the atom of the other compound 
is to bo regarded as composed of two atoms of 
oxygen and one atom of tho specified element; 
but if the masses of oxygen in the two oxides 
are in tho ratio 2:3 relatively to a specified 
mass of the other element, then the atom of 
the compound with less oxygen is to bo regarded, 
as before, as composed of one atom of oxygen 
and one atom of the specified element, but the 


Atom of the compound with more oxygen ie to 
be regarded as composed of three atoms of 
oxygen and two atoms of the other element. 

But such rules were only empirical, and, 
however satisfactory might be the particular 
results obtained by their application, it was 
impoS:^ible to rest contented until some general 
principle had been attained which should admit 
of universal application. In tho course of hii 
inquiries regarding the syntheses of atoms, 
Berzelius performed a vast number of very 
careful analyses, tho results of which firmly 
established tho quantitative laws of chemical 
combination. Tboso laws {v. CouBiN&riQN, 
CiiKUicAT., Lawk or) assert:—(1) that the masses 
of the constituents of every homogonoous kind 
of matter stand in an unalterable proportion to 
ono another, and also to tho mass of the com* 
pound they produce—tho mass of the compound 
being always equal to the sum of the masses of 
the constituents; (2) that when two elements 
combine to form more than one compound, the 
masses of ono of the elements which combine 
with a constant mass of tiie other element bear 
a simple relation to each other; and (3) that 
the masses of different clcinenls which combine 
with ono and tljo same mass of another element 
are also the masses of these dilTeront elements 
which combine with each other, or they stand 
in a simple relation to those masses. Those 
laws may all be expressed in the statement that 
the elements combine only in tho ratios of their 
combining weights, or, in simple multiples of 
these ratios. By the combining weight of an 
clement is hero meant tho smallest mass of that 
element which is found to combine with ono 
part by weiglit of hydrogen or with 8 parts by 
weight of oxygen. 

As Berzelius was pursuing his investigations 
into tho gravimetric composition of compounds, 
Gay-Lussac was making experiments on the volu¬ 
metric composition of gaseous compounds. In 
1800 this naturalist was able to prove (1) that 
the volumes of the gaseous elements which com¬ 
bine to form a gaseous compound stand in an 
unalterable proportion to each other; (2) that 
when two gaseous elements combine to form 
more than one gaseous compound, the volumes 
of ono of tho dements which combine with a 
constant volume of the other dement bear a 
aiinplo relation to each other; and (3) that the 
volumes of different gaseous cloraonts which 
combine with one and tho sanio volume of 
another gaseous clement are also the volumes 
of these different elements which combine with 
each other, or they stand in a simple relation to 
those volumes. These laws may all bo expressed 
by saying that the gaseous elements combine 
only in the ratios of their combining volumes, 
or in simple multiides of these ratios. By the 
combining volume of a gaseous clement is here 
meant the smallest volume of that element 
which is found to combine with one unit volume 
of hydrogen, and a unit volume of hydrogen is 
defined to be the volume, at normal tempera¬ 
ture and pressure, occupied by one unit mass of 
this elomcnt. 

Gay-Lussac argued that the ratios of the 
masses of tho combining volumes of gaseous 
elements are also tho ratios of tho masses of the 
atoms of these elements; and the conolnsioo 
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WM drftvn that eqtial Tolumes of gaseous bodies, 
measared at the same temperainre and pressnre, 
eontain equal numbers of atoms. This oon* 
elusion, if admitted, seems to put into our hands 
a means for finding the relative masses of the 
atoms of many compounds and hence of many 
elements. But the application leads to unlooked* 
for results. Consider the case of hydrogen and 
oxygen: experiment shows that two volumes of 
hydrogen—weighing two—combine with one 
volume of oxygen-weighing 16—and pro¬ 
duce two volumes of water-gas—weighing 18; 
hence, if equal volumes of gases contain equal 
numbers of atoms, two atoms of hydrogen— 
weighing two- combine with one atom of 
oxygen—weighing 1C—and the product is two 
atoms of water-gas—each weighing 9. But 
each of these atoms of water-gas contains atoms 
of hydrogen and oxygen; now, the atom of 
oxygen has been shown to weigh 16 times 
as much as the atom of hydrogen; hence the 
atom of water-gas contains half an atom of 
oxygen. Again, consider the case of hydrogen 
and chlorine: experiment shows that one volume 
of hydrogen—weighing one - combines with one 
volume of chlorine -weighing 35’5—and that 
the product is two volumes of hydrochloric acid 
weighing 3G‘5; hence, if equal volumes of gases 
contain equal numbers of atoms, one atom of 
hydrogen has combined with one atom of 
chlorine to produce two atoms of hydrochloric 
acid. But as each atom of hydrochloric acid 
is composed of both hydrogen and chlorine, it 
follows that each atom of hydrochloric acid is 
formed by the union of half an atom of 
hydrogen and half an atom of chlorine. But 
these conclusions arc at variance with the funda¬ 
mental definition of the atom, which states 
that the atom is the smallest mass of a body 
that can exhibit the properties of that body. 

The discovery that gaseous elements com¬ 
bine in fixed quantities by volume had done 
something to advance tho study of atomic 
synthesis, but it had not removed the funda¬ 
mental difiicuity, the difilculty, namely, of find¬ 
ing some generally applicable principle by means 
of which the relative weights of the ultimate 
particles, or atoms, of compounds might be 
determined. This difficulty was overcome by 
Avogadro. In 1811 this Italian naturalist intro¬ 
duced into chemistry the conception of two 
orders of small particles—the molecule^ and 
the atom. The molecule of an element or a 
compound, said Avogadro, is the smallest mass 
of it which exhibits the properties of that ele¬ 
ment or compound; the molecule of an element 
or a compound is formed by tho union of smaller 
particles of matter which wo shall call atoms; 
in the case of the molecule of an element the 
atoms are all of one kind, in tho case of the 
molecule of a compound the atoms are of two, 
or more than two, different kinds. As the 
properties of the molecule of a compound are 
very difiTcreni from the properties o&the atoms 
which compose it, so it is probable that the 
properties of the molecule of an element are 
different from the properties of the atoms by 
the union of which the molecule is produced. 
A chemical action between two gases was con¬ 
ceived by Avogadro as being separable, in 
tfaous^iif not in actuali^, into two stages; in 


(he first stage the molecules of Uie reacting 
gases are shattered, and in the second sta^ the 
parts of these moleoules, (bat is the atoms, are 
rearranged to form the moleoules of the new 
bodies. 

Avogadro modified the generalisation made 
by Gay-Lussao, and re-stat^ it thus:—* Equal 
volumes of gases, temperature and pressure being 
the same, contain equal numbers of molecules** 
The reactions between hydrogen and oxygen, 
and hydrogen and chlorine, whicii could not be 
explained by the generalisation of Gay-Lussac, 
are perfectly consistent with the generalisation 
of Avogadro. Two volumes of hydrogen com¬ 
bine with one volume of oxygon, and the pro 
duct is two volumes of water-gas; that is, in 
terms of Avogadro*s statement, 2p molecules of 
hydrogen, each composed of x atoms, combine 
with p molecules of oxygen, each composed of 
x' atoms (x may or may not equal x'), and the 
product is 2p molecules of water-gas. One 
volume of hydrogen combines with one volume 
of chlorine to form two volumes of hydrochloric 
acid; that is, in terms of Avogadro's statement, 
p molecules of hydrogen, containing x atoms, 
combine with p molecules of chlorine, contain¬ 
ing x' atoms (x may or may not equal a/), to 
form 2p molecules of hydrochloric acid. 

Not only are these, and other, reactions, be¬ 
tween gases explicable in terms of the generali¬ 
sation of the Italian naturalist, but this state¬ 
ment gives us a means of determining the rela¬ 
tive masses of the molecules of all gaseous 
bodies, and also of determining the minimum 
number of atoms in each of these molecules. 
That is to say, tho generalisation of Avogadro 
gives us what we could not obtain from the 
rules of Dalton or Berzelius, or from the generali¬ 
sation. of Gay-Lussac. For it is evident that, if 
tho number of molccUiOs in equal volumes of 
two gases is the same, the masses of the two 
kinds of molecules must be in the same ratio as 
tho densitier of the two gases; and hence, if 
the density of one of the gases be taken as unity, 
tho density of the other, in terms of this one, 
expresses the relative mass of a molecule of 
this other gas. Let tho two gases be hydrogen 
and oxygen; experiment shows that a given 
volume of oxygen is sixteen times heavier than 
the same volume of hydrogen; hence, if equal 
volumes contain equal numbers of molecules, a 
molecule of oxygen is sixteen times heavier than 
a molecule of hydrogen. Let us call the mass 
of a molecule of hydrogen oq^, then, in order to 
find how many times greater than the mass of 
this molecule is the mass of tho molecule of any 
gas, we have only to determine the density of 
the specified gas in terms of hydrogen as unity; 
the number expressing tho density of the gas 
expresses also tlie relative mass of the molecule 
of the gas. But, further, the generalisation of 
Avogadro puts into niir hands a means whereby 
the minimum number of atonss in a gaseous 
molecule may bo determined, and hence a means 
whereby the maximum relative values to be 
assigned to the masses of atoms may be deter¬ 
mined. Consider the mutual action of hydrogen 
and chlorine, hydrogen and bromine, nitrogen 
and hydrogen, and oxygen and hydrogen* 
Having regard only to the volumes of the re¬ 
acting gaseous elements and the volumes of (he 
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gftMoud compotmdi prodtioed, the aotionsin goes- 
lion may be stated tbns> 

(i.) One volume of hydrogen combines with 
one-volume of chlorine to produce two volumes 
of hydrochloric acid; (ii.) One volume of hydro¬ 
gen combines with one volume of bromine-gas 
to produce two volumes of hydrobromic acid; 
(iii.) one volume of nitrogen combines with three 
volumes of hydrogen to produce two volumes of 
ammonia; (iv.) one volume of oxygen combines 
with tw'o volumes of hydrogen to produce two 
volumes of water-gas. 

Now, as equal volumes contain equal num¬ 
bers of molecules, these statements may be put 
as follows:— 

(i.l p molecules of hydrogen combine with 
p molecules of chlorine, and the product is 2 p 
molecules of hydrochloric acid; (ii.) p molecules 
of hydrogen combine withp molecules of bromine 
gas, and tlio product is molecules of hydro- 
bromic acid; (iii.) molecules of nitrogen com¬ 
bine with 3/) molecules of hydrogen, and the 
product is 2 p molecules of ammonia; (iv.) 
p molecules of oxygen combine with 2 p molecules 
of hydrogen, and the product is 2 p molecules of 
water-gas. j 

Tlieroforc in (i.) one molecule of hydrogen * 
has produced, by union with elilorine, two mole- ' 
cules of hydrocliloric acid, both of which are ' 
composed of hydrogen and chlorine; in (ii.) one 
molecule of hydrogen lias produced, by union j 
Witli bromine, two molecules of hydrobromic 
acid, both of which are composed of hydrogen ' 
and bromine; in (iii.) one molecule of nitrogen ! 
has produced, by union with hydrogen, two ' 
molecules of ammonia, both of which arc com- ' 
posed of nitrogen and hydrogen; and in (iv.) 
one molecule of oxygen lias produced, by union 
with hydrogen, two molecuh-s of water-gas, botli 
of which arc composed of oxygen and hydrogen. 
In other words, in reactions (i.) and (ii.) evj-ry 
molecule of hydrogcui has separated into at least 
two parts; in reaction (iii.) o\ery molecule of 
nitrogen has separated into at least two parts; 
end in reaction (iv.) every molecule of oxygen 
has separated into at least two parts. 

These parts of molecules are called atoms. 

If we assume the truth of Avogadro’s 
generalisation, then the foregoing reactions are 
most simply interpreted by saying that the mole¬ 
cules of liydrogcn, nitrogen, and oxygen, are 
each built up or composed of two atoms. As 
hydrogen is the standard clement to which the 
atomic and molcci>lar weights of all other bodies 
are referred, wo say that the atomic weight of 
hydrogen in one, and, because of such reactions 
as tliose just stated, that the molecular weight of j 
hydrogen h two. But if the molecular weight 
of hydrogen is two, the molecular weight of 
oxygou must bo 32, the molecular weight of nitro¬ 
gen must 1)0 28, ihe molecular weight of hydro¬ 
chloric acid must bo 30*5, the molecular weight 
of hydrobromic acid must bo 81, tlie molecular 
weight of ammonia must be 34, and the mole- 
cular weight of water-gas must be 18; because 
oxygen is 16 times heavier than an equal volume 
of hydrogen, nitrogen is 14 times, hydrochloric 
acid is 18*25 times, liydrobromic acid is 40*6 
iim^t ammonia is 17 times, and water-gas is 9 
tipieB, heavier than an equal volume of hvdrogen. 

By such reactions and such modes of reason- 


w M’these, we arriva at tha following praotieat 
definition of the moleoalar wei^t of a gaseous 
element or compound:— 2 Vie molecular weight 
of a gaseous element or compouvA is a number 
which egresses how many limes greater than 
two unit i?iasses of hydrogen is the mass of th$ 
specified element or compound which occupies 
{under the same comlitions of temperature and 
pressure) the same volume as is occupied by these 
two unit masses of hydrogen. 

Determinations of the sp. gravs. of gases are 
subject to several sources of error. But the 
values to be assigned to the combining weights 
of the elements, that is, the masses of the ele¬ 
ments which combine with one part by weight of 
hydrogen or 8 parts by weight of oxygen, can be 
determined with great accuracy. Now, it is 
evident that the molecular weight of an element 
j must be equal to the combining weight of this 
I element or to a simple multiple of this number, 

■ and that the molecular weight of a compound 
: must be equal to the sum, or to a multiple of the 
I sum, of the combining weights of its constituent 
elements; hence the data which are required 
for an accurate determination of the molecular 
weight of an element are (i.) an exact determina¬ 
tion of the combining weight of the element, 
and (ii.) a measurement of the relative density 
of the element in the state of gas; similarly 
the data which are required for an accurate 
determination of the molecular weight of a com¬ 
pound are (i.) exact determinations of the 
combining weights of the constituent elements, 
and (ii.) a measurement of the relative density 
of the compound in the state of gas. Thus, 
35*37 parts by weight of chlorine combine with 
j 1 part by weight of hydrogen, therefore the 
j molecular weight of chlorine is «35*37; but a 
! given volume of chlorine is 35*5 times heavier 
i tlian an equal volume of hydrogen, therefore 
1 the molecular weight of elilorine is approxi- 
j niately 35*5 x 2 « 71; now, 2 x 35*37 -- 70*74 ; 
j hence the molecular weight of gaseous chlorine 
is 70*74. Again, phosphorus hydride is com- ‘ 
posed of masses of phosphorus and hydrogen 
united in the ratio 10*32 to 1, therefore the 
molecular weight of this compound is «11*32; 
but this compound in the state of gas is 17 times 
heavier than hydrogen, therefore its molecular 
weight is approximately equal to 17x2*34; 
^now, 3x11*32 = 33*96; hence the molecular 
‘weight of gaseous phosphorus hydride is 33*96. 

Having thus arrived, by the helpof Avogadro’a 
generalisation, at a definition of molecular 
! weight, and having determined that the mole- 
, cules of hydrogen, nitrogen, and oxygen, and of 
I some other elements, arc very probably composed 
I each of two parts or atortis, we proceed to find 
an *exact meaning for the term atom. If the 
atom is assumed to bo the ultimate portion of 
any homogeneous kind of matter of which 
cognisance is to be taken in chemistry, then it 
is evident that a molecule of a compound gas, 
formed the union of (say) three elements, 

A, B, and G, must be formed by the union of at 
least one atom of the element A, one atom of 
the element B, and one atom of the element 0. 
In general terms, no molecule of a compound 
gas can be formed by the combination of less 
than a single atom of each of the elements by 
the union of which the compound in question u 





produo^ Thii It eqnifaUat to taTiog, the 
ttom of an element it the amallest mats of that 
element which combines with other atoms to 
produce a molooule. 

We cannot as yet determine the absolute 
mass of the atom of auy element, but we have 
agreed to call the mass of au atom of hydrogen 
unity, and to represent the masses of the atoms 
of other elements in terms of the atom of 
hydrogen; hence we arrive at the practical 
definition of the maximum atomic weight of an 
element as follows 

Tfie maximum atomic weight of an element 
is a number which expresses how many times 
greater is the smallest mass of that element which 
combines with other elements to formacompowvd 
gaseous molecule^ than the smallest mass of 
hydrogen which combines with other cletnents to 


! 14*485 times heayisr than ths same volume of 
hydrogen at the same temperature and pressure; 
therefore the relative density of any gas referred 
to air as unity multiplied by 14*435 x 2 ( ^ 28*87) 
gives the relative density of that gas ret'erred to 
hydrogen as twice unity, that is, gives 
(approximately) the molecular wciglit of the 
gas. Let it now be required to deti'miine the 
atomic weight of oxygen; the delinilion of 
atomic weiglit tells that the molecular weights 
of several gaseous compuunds containiiigoxygen 
must be determined, that these compounds must 
be analysed and the results in each case stated 
iux>arts by weight of each element per molecule 
of the compound, and that the smallest mass of 
oxygen thus found in any molecule is to be taken 
as the atomic weight of oxygen. Here ore some 
of the data which have been thus accumulated 


Data for determining the atomic weight of Oxygen, 


Osseous conipouod 

Sp. Or.air^l 

Sp. (Jr.x 28*87; i.f. 

upproxiiitato 
inolcciilur weight 

Ui'jgilt 

Aiiahv-is, Rtiitnl in parts b; wt. 
per niolooulu 

Carbon dioxide . 

1-53 


43*80 

31*92 oxygen + 11*97 carbon 

Sulphur dioxide . 

2*25 


(js-yo 1 

Hl l)2 „ +31-98 sulphur 

Sulphur irioxide . 

2-9 

■■1 

7y-8« 

47-88 „ +31-98 „ 


produce a compound gaseous molecule, such 
smallest mass of hydroge^i being taken as unity. 

The term, and the conception underlying the 
term, molecule, are applied to compounds and 
elements alike; the term, and the conception 


Werothese thconly known gaseous compounds 
containing oxygen wo shouM cojudude tliat tlis 
atomic weight of oxygen is 31*92, tJiat of 
hydrogen being unity. But the following numbers 
show that this conclusion is incorrect:— 


Data for determining the atomic weight of Oxygen, 


Gaseous compound 

Sp. Gr. alrssl 

Sp. Or. X 28*87; i.e. 

appi'oxinmttt i 

moliKJuInr weight 

Molecular 

weight 

Analytii.'i.Ktati'd hi parts by wt. 
per moh culo 

Carbon monoxide 

•97 

27-97 

28-93 

15*96 oxygen +11*97 carbon 

Water . 

•63 

18*2 

17-91! 

15*96 ,, + 2 liydrogcn 

Nitric oxide . 

1-04 

30*0 

29-97 

15*96 „ +14 01 nitrogen 


underlying the term, atom, are applied in 
striotness to elements only. 

The foregoing definitions of atomic weight 
and molecular weight are practical, because 
they indicate the nature of the data which must 
be obtained before the atomic or molecular 
weight of a gaseous body can be found. Suppose 
it is required to find the molecular weight of 
oxygen; the mass of this element which com* 
bines with unit mass of hydrogen must be 
accurately measured; and the relative density 
of oxygen gas must be determined, the standard 
of reference being hydrogen taken as twice 
unity. Now, the relative densities of gases are 
determined by experiments in tci'qis of air 
taken as unity; but a specified volume of air is 


These numbers show that at least three 
compounds exist the gaseous molecule of each 
of which contains 15*90 parts by weight of 
oxygen; hence, as no molecule is known con* 
taining less than this mass of oxygon, 15*96 is 
taken as the atomic weight of oxygen. Before, 
then, the atomic weiglit of an ebunent can be 
determined with a fair degree of piobability a 
number of gaseous compounus of the element 
must be analysed; if only’a few gaseous com¬ 
pounds of a specified clement are known it is 
probable that the value deduced, from analyses pf 
tlieso compounds, for the atomic weiglit of the 
clement, is too largo; it certainly carniot be too 
small. Thus, let us c onsider the data for finding 
the atomic weight of aluminium:— 


Data for determining the atomic weight of Aluminium, 


Oueoni compound 

Sp. Qr. airsl 

Sp.Gr.x 28*87; i.e. 

approximate 
molecular weight 

. Molecular 
weight 

Aualysia, stated In ports by lrt. 
per molecule 

Alumioium chloride 

9-36 

270-0 

266-26 

I 61-04 aluminium +212-22 ahlorilM 

„ bromide 

18-6 

637-6 

632-64 

64-04 „ +478-6 bromine 

1 , iodide 

270 

7804> 

816-22 

j 64-04 „ + 769-18 iodine 






















ATOmO AND toEOULAR WraOHTS. 

Specific Heat* of the SoUd Elemenii. * 


Bodium 

ICafueilum 


„ red 
Bnlptior 
„ rhonU>ie 


' Potansiani 
Cbloium 
Titnuium 
'Oliroiiilum 
* Uangauese 
Iron 



* Gahtum 
Germaaiam 
Arseulo 
amorphous 
trgitalHtu 


*SelenioD 

amorphous 

trjftlaUiru 


Atomk 

Sp.ht. 

Ob- 

weight 

xat.wt 

server 

7'01 


Rg. 

9-1 


He. 

10-9 

B a 

Wb. 

U97 

■ m 

Wb. 

23 

8*7 

Rg. 

34 

5-9 

Kp. 

„ 

8*0 

Rg. 

27*02 

mm 

Kp. 




38 

H 

Wb. 

“ 30-96 

6-4 


„ 

6-9 

Rg. 

,, 

6*2 

Kp. 

„ 

6-3 

Rg. 

31-98 

6-0 

D.P. 

„ 

6*2 

Kp. 


6-5 

Bn. 

0 39^4 

6-7 

Rg. 

6-5 

Rg. 

39-9 

6-8 

Bn. 

48 

7-1 

N.P. 

52*4 

6-2 

Kp. 

65 

6-7 

Rg. 

59-9 

6-3 

Kp. 

ft 

6-4 

%. 

„ 

6-1 

D.P. 

98-6 

6-3 

Rg. 

59 

6-3 

Rg. 

63*4 

60 

Kp. 

H 

8-1 

Rg. 

„ 

6*1 

D.P. 

64-9 

6-X 


„ 

6-1 

Bn. 

„ 

6-2 

Rk. 

„ 

6*0 

D.P. 

69 

6-4 

Rt. 

72*3 

6*64 

N.P. h 

74*9 

6«7 

B.W. 

„ 

6-2 

B.W. 

74-9 

6-1 

Rg. 

« 

6-2 

N. 

78-8 

6-9 

Rg. 

n 

8-9 

Rg. 

„ 

60 

Rg. 

M 

6-8 

N. 



nUodium 

Huthculum 

Palliuliuin 


Iodine 

LaiitUa- 

num 

Cerium 

Dldymiiim 

Tungsten 

Osmium 

Iridium 

Platinum 



6-5 

Kp. 

6-6 

Bn. 

6*6 

Rg. 

6*0 

D.P. 

6*2 

Kp. 

6-9 

Bn. 

6-0 

Rg. 

6-0 

D.P. 

6-94 

Kp. 

6-94 

Rg. 

6-8 

Rg. 

6-2 

Hd. 

6-3 

Hd. 

6-6 

Hd. 

C-0 

Rg. 

60 

Rg. 

6-2 

Rg. 

6-4 

Kp* 

6-3 

Rg. 

6-3 

D.P. 

6-4 

Rg. 

6-4 

Rg. 

6-8 

Rg. 

6-3 

Rg. 

6-5 

Kp. 

6-5 

Rg. 

6-6 

Kp. 

6-3 

Rg. 

6*4 

Nn. 

6-6 

Tin. 


•0319-78*'to-40“ 199*8 6*4 

•0335 iN)3-6 6*8 

•0307, 2Ufi-4 6-3 , 

'0315 „ C-5 i Kp. 

•03u; 

•0305 208 

•0308 

•0276 232-4 

•028 I 2-10 

* Wbeo no temp. 1« ^ren the determinations were made somcwliere between 0“ and loO'-', the numbers la 

^ regarded as appi-OAimatciy representing the mean specifle heats for the k'niiieriiture-iutcrTal 

uu* <»J«oiAtcd by Humpidge from a aeries of determiimtioua, at temperatures 
nry^g from 100 to 460 , made with a specimen of beryllium containing 99*2 per cent, of the uictat. Seo^further, 

* * * 0* boron, carbon, and silicon are discuaaed on p. 343-4. 

^proxImteiVconS'^^^'*” (+10°) is not given in Regnaulfs paper, but judglDg from the content it appears to be 

•This number for chromium is probably too low; sec Kopp. A. Supvl. 3,77 (note). 

* The specimen of manganese employed contained a little allii-on. 

•Spec, heat of molten galiium between 109°mid 119®=s*08Ci2(BertheIot; Dl. [2] 31 229). 
heat B^rted\^fo^fSon** **^***^*^ determined at high temperatua*s is abnormal, because of the large quantity of 

*• Spec, heat of ciroqnlum calculated by Mi.ttcr and Dana from determinations made with a sample contalnlos 
known quantities of aluminium. * 

“ The specimen of molybdenum employed contained carbon. 

B9 7(lff''**^^ *** gold is nearly constant from 0® to 600“ : at 900“ Bp. hti.=5*0345, and at 1000“= 0352 (Yiolle, O', R. 


be specimen of thallium employed contained a little oxide.. 

The Dttstben marked with i are probably too large. See Weber's papers referred to below. 

The names of the various observers are abbreviated In the table:— c 

Bg. stands for BiitiNAUi.T.—Ills papers on spec, heat ore to be found in A. Ck, £8] 73,5; [3] 1,129; 9,332 ;26, 261 i 
V *. S», 129; 46,257; 63,5; 67,427, 

Kp. „ KopP , ^. 126,362; nuddo.5rf/'p7.3, lana289. 

N. , Kbumaxk „ , i*. 126,123. 

Bn. „ Bunkkn „ ^ , yM41.1. 

Wb. „ Webkb „ „ /*. 164, 367 (translation in P. U. £4] 43, 

g;P. • DulokoakdPitiT „ , 4.0.10,395. £181 and 276h 

Bt. „ Bbrthblot „ „ C.B.86,786. 

St • HiLLBBiusD _ • » /*. 163,71 (translation In£5] 1,109), 

B.W. „ BEriBXDonpAKD WttLLNEB,, „ /M83,293. 

}Lo. H Hieter AND Dana „ „ 4.169,388. 

J;n. , Nluos „ . AI5.S5I*. 

Ji.P. , Htisoe mo TjaraitOK . _ r.AC.l,ST. 

Hu , UiiiiT , , C.Jr.4>.U*. 

gu , ZiHMuiunt , „ «.U,8<a. 

Bu . Hniima, , . IV. HI. 
















ATOMIC AND MOLECULAR WEICHTS. 


m 


As no oilier gaseous compounds o! aluminium^ 
except these three, have been prepared in a 
state of purity and analysed, we conclude that 
the atomic weight of this metal is not greater 
than 54'04; but as only three gaseous compounds 
of aluminium are known, it is not unlikely that 
the true value to be assigned to the atomic weight 
of this element or Ao. The 

greater the number of compounds of a given 
element which have been gasified and analysed, 
tlio greater is the probability that the value 
thence obtained for the atomic weight of the 
clement represents the true value of this con¬ 
stant. 

Avogadro's generalisation—equal volumes of 
gases contain equal number of molecules—places 
in the hands of chemists an instrument whereby 
they may determine tho relative weights of tlio 
molecules of all gaseous or gasifiable compounds 
and elements, and tho maximum values to bo 
assigned to tho atomic weights of all elements 
which form gaseous or gasifiable compounds. 
But at present the densities of only 14 ele¬ 
ments have been determined in tho gaseous 
state, and gaseous compounds of only 4‘i different 
elements have been prepared and analysed. 
Hence the application of the method introduced 
by Avogadro is limited. There are two other 
methods of general applicability for determining 
tho values to be assigned to the atomic weights 
of elements; let us consider these methods briefly. 

In 1B19 a paper was published by two French 
naturalists, Dulong and Petit, on the speciflo 
heats of 13 solid elements, viz., cop]>er, gold, 
iron, lead, nickel, platinum, sulpliur, tin, zinc, 
bismuth, cobalt, silver, and tellurium {A. Ch, 
10, 395). 

The products obtained by multiplying tho 
generally accepted atomic weights of tho nine 
elements from copper to zinc in this list by the 
specific heats of these elements, and sub-multiples 
of tho generally accepted atomic weights of the 
remaining four elements by the specific heats of 
these elements, had all nearly the same value. 
Generalising from these results, Dulong and 
Petit concluded that * the atoms of all the sim¬ 
ple bodies have exactly the same capacity for 
heat.’ This generalisation has, on the whole, 
been borne out by subsequent re-carch. 

The tablu on p. 312 contains most of the 
well-established data regarding the specific heals 
of solid elements in so far as direct determina¬ 
tions are concerned. 

Tho values to bo assigned to tlie Bpecific 
heats of beryllium, boron, carbon, and silicon, 
have been the subject of many experiments and 
of much discussion: Nilson and Pettersson 
(B. 13,1451; V. also C. N. 42, 297) m&do a 
series of determinations with a specimen of 
metallic beryllium containing about 5 per. cent, 
of beryllium and iron oxides. The following 
were the most important results:— 

Specific Heat of Beryllium (Nilson A^’ettersHon). 
Temp. IiiterTttl Spoo. ht. Spec, lit.x 9*1 Spec. lit. x U-fis 

0“- 48 -sm 3-0 D-4 

0 -100 •4240 3-80 6-8 

0 -214 *475 4-26 6*4 

0 -300 *5055 4*6 6'9 

Nilson and Pettersson concluded from these 
finmbers that the atomic weight of beryllium is 


18*65: bat t, Meyer (B. 18,1780) showed that 
the true values for the spec, heat of this metal 
at various temperatures, as calculated from the 
data summarised in the preceding table, are as 
follows:— 


Specific Heat of Beryllium (Meyer). 


Tomp. 

Slice, lit. 

liicratse in 

sp4f«. bt. 

for I** 

►Sp. lit. X 
8*1 

Sp.llt.: 

tS'Oi 

20-2’ 

•3973 

•OUlOl 

3-62 

5-43 

Ti-'l 

•4481 

•00085 

408 

C-12 

157 

•5193 

•00063 

4*73 

7-10 

250-8 

•5819 


6-29 

8-94 


These numbers show that tho specific heat 
of beryllium increases as toinperaturo increases, 
but that the rate of this increase is considerably 
loss for the interval 167' to 256'^ than for that 
of 20® to 167®. Humpidge (Pr. 39,1), working 
with a specimen of beryllium prepared with 
great care and containing 99*2 per cent, of the 
metal and ‘7 per cent, of beryllium oxide, 
obtained tho following results 


Specific Heat of Beryllium (Humpidge). 


Temp. 

Spec, liciit 

8pco. lit. X 8*1 

100 ® 

•4702 

4-28 

200 

•64'20 

4-93 

400 

•6172 

601 

600 

•0206 

6'66 


Tho valuo approximates to a constant 
between 450^^ and 500°. There can now be 
little doubt that the specific heat of beryllium 
is considerably larger at high than at low 
temperatures, that this valuo is nearly constant 
at about 600® and upwards, and that at those 
temperatures beryllium is not an exception 
to the law of Dulong and Petit. (For more 
details V. Brbyllidm.) 

Very varying values had been obtained for 
tlie specific heats of the three elements, boron, 
carbon, and silicon, before the researches of 
Weber. The following table summarises the 
chief results:— 

Specific Heats of Boron, Carhon, afui Silicon 
(Weber’s numbers not included). 

(Ttfliip. uliout 

Spec. beat. Sp. bt. x at. wt. Ob<i(!r7cr. Date. 


Doiio.v 

amoiphous ’2H 

2-8 

Kp. 

1864 

cri/s(itlUtie *2:51) 

20 

ilo. 

do. 

„ *252 

2*8 

M.D. 

1873 

„ -257 ' 

2*8 

its. 

1809 

araphilic *235 

2*0 

do. 

do. 

Oauhon 

dinmond *1-13 

1*7 

B, W. 

1868 

» -147 

1-8 

Hg. 

1841 

,, -UCC Temp. 20°-I000® 

f/raphUe *174 

4-4 

Dewar 


21 


1804 

M 

2*3 

1808 

„ *188 

2*4 

Hu- 

1800 

f/tit-carbon *105 

20 

Kp. 

1864 

,, •18B 

2*2 

Jl. w. 

1808 

„ *187 

2-4 

a*. 

1841 

*32 Temp. *0^-1000® 

3-8 

Dewar 


SlLKMiK 

/xa>‘d *138 

8*8 

Kp. 

1804 

„ -m 

4*0 

Rk. 

1801 

eryt/iilline ‘1U6 

4*6 

Kp. 

1864 

„ *171 

4*8 

M.D. 

1873 

„ *173 

4*8 

»K. 

1801 


Weber, about 1872, made a careful series of 
determinations of the specific heats of these 
three elements (P. M. [4] 49,161 and 276); his 



844 

ATOaiO AND MOI 

more important reaults ara presented in the 
following table 

Specific Heats of Boron, Carbon, and Silicon 
(Weber). 

Temp. Spec, lieat. ** 

Boron crystalline' 

-40“ -1915 

211 

t* »> 

+ 77“ -2737 

301 

IS 

177“ -3378 

3-72 


233“ fiiCGS 

403 

G&bbon diamond 

-60“ •0636 

0-70 

** »» 

+10“ -1128 

1^35 

n M 

85“ -1705 

212 

H o 

260“ -.3020 

303 

•» M 

600“ -llOS 

6-29 

n *» 

886“ •4589 

o-oi 

II graphite 

-60“ -1138 

1-37 

ti 11 

+ 10“ -KiOl 

1-93 

» M 

01“ -1990 

2-39 

•> 11 

201“ -2960 

3-6(J 

U »* 

250“ -326 

3-88 

f* »» 

041“ •4464 

5-35 

»> M 

978“ -107 

6-50 

Porous wood carbon 

0“..23“ -1053 

1-95 

tl »l 

0“-09“ •1935 

207 

if if 

0“-223“ -2385 

2-84 

BiniooN crystallised 

-40“ •130 

3-81 

l> if 

+ 67“ -1833 

613 

tl if 

128“ -lOfi 

5-50 ■ 

If It 

184“ -2011 

6'63 

»f If 

232“ -2029 

608 


Xhcse numbers show that the specific heats 
of boron, carbon, and silicon increase as tompo- 
raturo increases, but that, in each case, the 
value of this increase tor a given temperature- 
Intorval is considerably loss at high than at low 
tomperaturcs. The observed variation in the 
rate of increase of the specific heat of crys¬ 
tallised boron' is nearly identical with the 
observed variation in the rate of increase 
of the specific heat of crystallised carbon 
for eipial intervals of temperature up to 
230-260“! it is assumed that this identity 
remains at higher temperatures, then the specific 
heat of crystallised boron' may bo calculated, 
from the observations made with crystallised 
carbon, at temperatures up to about 1000“. The 
value thus calculated tor the specific heat of 
boron at 1000“ is -60. Tho specific heat of 
crystalline silicon attains an almost constant 
value at about 230“. (For more details v. lioitos, 
CiKBON, SlIilCON.) 

Looking at the determinations of tho spocifio 
heats of solid elemdllts as a whole, it appears 
clear that tho specific heat of any element varies 
with tho temperature, and that tho relation 
between tho variation of specific heat and that 
of temperature differs for each element; and, 
moreover, that tho value of tho specific lurnt of 
an element depends to some extent on tho 
physical condition of the element, hut there 
seems certainly to bo an interval of tempera¬ 
ture for which tho specific heat of an element 
attains a constant, or nearly constant, value; 
this temperature-interval varies for each element, 
especially for tho non-metallio elements with 
amall atomic weights; tor many elements it 
may be approximately taken as 0“ to 100“(0.). 

• There Is. however, consldernblo doubt whether tho 
autt^rial ntca by \V eber wiw pur* boron. 


For tbU intervi^ of temperature only can any 
element be said to obey the law of Dulonff and 
Petit. ^ 

This law may now be stated in a practice 
form thus:— The atomic keatt i.e. tJi>e product of 
spedficheattQt the temperature-intervalfor which 
sp. ht. is nearly constant, into atomic weight, of 
all solid elements is nearly a constant, the mean 
value of which is C’4. If this is granted it 
follows that tho atomic weight of any solid 
element is approximately equal to the quotient 

spec heat * Bpecific heat of 

the clement has been determined for a consider* 
able rang© of temperature, and, if the spocifio 
heat has been found to vary considerably with 
variations of temperature, that tho determina¬ 
tions have been continued until a constant, or a 
nearly constant, value has been obtained. 

Attempts have been made to determine the 
specific heats of several elements by an indirect 
method. The metliod is based on tlie generalisa¬ 
tion,—‘--s a constant (about 6*4); whore A «the 

formula-weight of a solid compound, G^the 
specific heat of tho compound, and »= the 
number of elementary atoms in the formula of 
the compound. This generalisation has been 
stated in various forms; the earliest appears to 
bo that given by I\ Neumann, in 1831: ‘The 
amounts of chemically similar compounds ex¬ 
pressed by their foriuulto possess equal spccifio 
heats ’ {P. *23, 1). Tho statement is some¬ 
times put thus: ‘the molecular licat of a solid 
compound is equal to tlic sum of tlie atomic 
heats of its constituent elements; ’ by * molecular 
heat ’ is here meant the product of tho spocifio 
heat of the comx)ound into tho mass expressed 

by its formula. The form given above, — = a 

n 

constant, is tho outcome of investigations made 
principally by Gamier (C. li, 35, 278; 37, 130), 
and Cannizzaro {Bl. 1803. 171). 

As an example of the apjdication of this 
generalisation, to find a value for the spocifio 
heat of an clement in the solid form, let us take 
Kopp’s calculation of the specific licat of solid 
chlorine {A,Sii 2 )pl. 3,321). 'Tlie data are those:— 
molecular heats (as defined) of motalUc haloid 
salts: KCU12-8, ItBr -13’0, lU=sl3-4; RCl^- 
18-5, lll2=«iy*4. In ouch case It represents one 
atom of a metal the atomic heat of wliich is 6‘4. 
The atomic heat of solid bromine « atomic heat 
cE solid iodine = G-C (approximately). Now, as 
the metallic chlorides, bromides, and iodides, 
examined are chemically similar, and as the 
‘molecular licats ’ of the similar salts are nearly 
the seme, Kopp has concluded that the atomic 
heat of solid chlorine is approximately equal to 
G’4. Tliis ’ conclusion is in keeping with the 
observed values; thus: ItCl (12-8)-K(6*4) = 

6-4; BCL(18-5)-E(C-4) = 12-l, and l|?i=6-05. 

Further data are presented by the following 
‘ molecular heats ’: K010, = 24-8, KAsOs = 25'3, 
The argument here is, that as these values are 
nearly tho same, and as the difference in com¬ 
position between the twocompoundsis represented 
by the exchange of Cl lor As, it follows ttat tha 
atomic heat of solid chlorine ia approximataljf 
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»)ual to that of arsenic; hrxt the atomio heat of 
arsenic, as determined by direct experiment, is 
6*1, hence the atomio heat of solid chlorine is 
approximately equal to C'l. 

This indirect method often leads, as might 
be expected, to several values for the specific (or 
atomic) heat of an clement. Thus, from determina¬ 
tions of the ‘ molecular heats * of various oxides 
and other salts containing metals the atomio heat 
of each of which has been directly determined to 
be approximately 6*4, the following values for 
the atomic heat of solid oxygen are arrived at: 
From RO 4*6 

„ RO, 6*7 

„ 11,0, 4*8 

„ KAsO, 4*2 

„ KClO^ 3*5 (assuming at. ht. of Cl = 6) 

„ KMnO^ 3*8 

The mean of these values is 4*1. 

The indirect method of finding the atomic 
heat of an clement is undoubtedly useful, but 
no great stress can bo laid on conclusions ar- | 
rived at by this method only. It is certain that an ' 
erroneous conclusion regarding the value of the 
atomic weight of an element may be deduced 
from measurement of the specific heats of solid 
compounds of that element. For example, 
Donatli determined the specific heat of urano.so- 
uranic oxide to be 0798 {B. 12, 7-TJ); assuming 
the specific heat of solid oxygon to be 0*25 ' 

the specific heat of uranium was calcu¬ 
lated to be *0497; now *0497 x 120=5-90, there¬ 
fore, as analyses of compounds had proved that 
the atomic weight of uranium is »il20, it was 
concluded by DonatU that tlio atomic weight of 
uranium is 120. But pure metallic uranium 
was prepared shortly afterwards, and the specific 
heat of this metal was directly determined to bo 
•028; now *028x120 = 3*3, but *028x240 = 0-0; 
hence the atomic weight of uranium is much 
more probably 210 tlian 120. The larger value 
(240) has been confirmed by the preparation 
and analyses of two gaseous compounds of 
uranium (u. regarding this subject, Kopp, li. 
19, 813). 

The following statements fairly smnmariso 
the results of the determinations of the atomic 
heats of the elements: 

I. Solid elements, 45 in number^ the specific 
heats of which have been directly determined^ 
and the atomic heats of which are all approxi’ 
mately equal to 6*4: Li, Na, Mg, Al, B, S, K, 
Ca, Ti, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Zr, 
Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Te, I, La, Co, 
Di, W. Os, Ir, Pt, Au, Hg, Tl, Pb, Bi. Th, U.-fCr). 

II. Solid elenicnts* 6 in number, the specific ' 
heats of which have been directly determined^, and 
vary considerably wiihiemperaiure,and theatomic 
heats of which appear to be approximately equal 
to 6-5: Ga (? inaccurately determined), Be, B, 
C, Si. Ge. 

III. Solid elements, 5 in number^the specific 
heats of which have been indirectly determined 
and tJie atomic heats of which are probably 
approximately equal to G-4 : V, Rb, Sr, Cs, Ba. 

IV. Gaseous elements ; specific heats in solid 

S m very doubtful, and apparently variable : 

, fP), N, 0, Cl. 

It has been already shown that the applioa- | 


tion of Avogadro’s law enables • maxlmtua 
value to be found for the atomio weight of any 
element which forms one or more compounds 
gasifiablo without decomposition. The maxi¬ 
mum value thus found for tho atomio weight 
of aluminium was 54*04; but as this value was 
based on analyses of only three gaseous com¬ 
pounds, it was assorted tliat the true value was pos¬ 
sibly one-half or one-third, d-c. of this number. 
Now, tho specific heat of aluminium has been de- 
terminod to be * 22 ; hence, assuming the law 
of Dulong and Petit, the atomio weight of 
aluminium must be approximately equal to 30 
(30 X *22 = 6 * 6 ): therefore tho value ^^'-^7*01 

I is assigned to the atomio weight of this metal. 

I The maximum values assigned to the atomic 
weights of iron ( 111 - 8 ), copper {126-H), and 
gallium (138), by the application of Avogadro’s 
law have, in each case, been lialved when 
determinations have been made of tlie specific 
heats of these metals. 

Various observations on tho connexions 
between the chemical composition and the 
crystalline form of solid compounds had bees 
made previous to tho year 1819, in which year 
the‘law of isomorphism* was propounded by 
E. Mitschorlich; tins law was subsequently 
modified and extended, and in 1821 Mitsoherlioh 
stated it as follows: ‘Equal numbers of atoms 
similarly combined exhibit the sanu* crystalline 
form; identity of crystalline form is indeijen- 
dent of the chemical nature of tlio atoms, and 
is conditioned only by tho number and con¬ 
figuration of tho atoms.’ Further research has 
shown that Mitscherlich’s statement was too 
absolute. On tho one hand, many solid com¬ 
pounds are known, tho atomic coini>ositions of 
which are very similar, and which, nevi'i-tlieless, 
crystallise not only in dillercnt forms, but in 
dilTcront systems, thus: 

PbCr 04 is monoclinic, but PbMoO, is ([uadraiio; 

I AgCl and AgBr arc regular, but Agl is hexagonal; 

I KNOj is rhombic, but CsNOa and RbNO, are 
hexagonal. 

On the other hand, many solid compounds 
crystallise in identical or very similar forms, 
and nevertheless exhibit unlike atomic compo¬ 
sitions; thus the crystalline form of the following 
salts is the same: K.TiF.liaO, CuTiF„4HaO, 
KaNbOF,H,0, CuNb()F,4 H,0, K,WO.,iyijO, 
CuWOaF 44 ilaO. Many ammonium salts crya- 
t^illisc in the same forms as the corresponding 
salts of potassium, but tli^numhor of atoms in 
one formula-weiglit of these salts is different. 
It is indeed somewhat dilficull to give an exact 
meaning to t)ie expression ‘isoniorphous crys¬ 
tals;’ by this phrase some naturalists mean 
crystals any one of wlncli is cai)a!)Iu of growing 
in unmodified form when inuner.sed in a solution 
of any other (Kopp, /?. 12, 900 et scq.); others 
include crystals belonging to the sumo system 
but exliibiting very small dilTereiices in the 
measurements of their angles, e.g. the rhombo- 
hedral carbonates of magnesium, calcium, iron, 
zinc, and mangancso; otlicrs even include 
crystals which very closely resemble each other 
but yet belong to difTerent systems. The fact 
that the some compound may crystallise in two, 
or even three, distinct forms, further compli¬ 
cates the oonnexton between isomorphism and 
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ehemical composition; thus, srsenious oxide^ 
As.Oft and antimonious oxide. Sb^Oi. both orys« 
tallise in regular octahedra and also in rhombio 
forms; titanium dioxide. TiOjj, crystallises in 
two forms belonging to tho quadratic system, 
but exhibiting very difTeient relations of crys¬ 
talline axes, and also in a third form. viz. 
rhombio prisms. 

Tho constituents of isomorphoiis compounds 
are sometimes themselves isomorphous; 6.g. tho 
double compounds bAg,.S.Sb, 2 S 3 and dAg.S.As^S, 
orystalUse in identical forms, and the sulphides 
SbjS, and As-^Ss also crystallise in identical 
forms. On the other hand, the constituents of 
isomorphous compounds are sometimes not 
isomorphous; e.g. the sulphates of magnesium, 
nickel, and zinc, crystallise in rhombic forms, 
buttliooxides of magnosiumand nickel crystallise 
in regular, and oxide of zinc, in hexagonal, 
forms. Isomorphism is sometimes not shown 
in comparatively simple analogous compounds of 
two elements, while tho more complicated ana¬ 
logous compounds of the same elements crys¬ 
tallise in identical or very similar forms; e.g, 
many of the simpler compounds of cadmium are 
not isomorphous with the analogous compounds 
of the magnesian metals (Mg, Ca, Mn, Fo, Co, 
Ni, Zn, Cii), but the comparatively complex 
salts of cadmium, such as CdS 04 .KaS 04 . 6 H.p, 
are usually isomorphous with the analogous 
salts of tho metals named. Hence it is neces¬ 
sary to distinguish strict isomorpliism as applied 
to bodies which exhibit tho same or nearly tho 
same crystalline form, from tho isomorphism of 
bodies which, although themselves crystallising 
in different forms, nevertheless combine with 
one and tho same third body to produce com¬ 
pounds into which they enter as corresponding 
elements or groups, and wlhcli crystallise in tho 
same forms (v. Kopp, Lehrlnich dcr PhysiJcal. 
Chentie, 2, 141). Tho crystalline forms of 
several elements have been determined, but the 
statement that such or such elements form an iso¬ 
morphous group usually means only that ana¬ 
logous compounds of these elements are for the 
most part isomorphous Isoironpitisiu). 

Notwithstanding the many qualifying clauses 
with which any general statement of the con¬ 
nexion between crystalline form and chemical 
composition must, at present, be guarded, it has 
frequently been found possible to use tho 
knowledge we have of the connexion in question 
as a guide in researches concerning tho atomic 
weights of clcincnts.^In these cases it is assumed 
that, as a general rule, those inasscs of two 
bodies which cau mutually replace each other , 
in compounds without change of the crystalline 
form of tho conqiounds, or in other words those 
masses which arc crystatlographically equivalent, 
have similar atom io compositions, liy compounds 
of similar atomic composition is hero meant 
compounds which are very analogous in their 
chemical relations, and tlio formula) of which 
contain equal numbers of atoms, or groups of 
atoms which react through series of changes as 
if each wore a single atom. 

Now, it tho atomic weight of a spcciOed 
element is known, and if experiment shows 
that the mass of this clement expressed by its 
atomic weight is crystallographically equivalent 
10 X unit masses of another clement, it follows 


that the value of x is very probably the value 
of the atomic weight of the second element. 
Thus, the facts that gallium sulphate formed 
a double compound with ammonium sulphate, 
and that this double sulphate was isomorphous 
with the alums, indicated that the double sul¬ 
phate in question was a true alum; hence the 
general formula which expresses the oomposi* 
tion of alums expresses the composition of the 
double sulphate of gallium and ammonium. The 
formula in question is Xa 3 S 04 .MaS 04 . 24 H 30 , 
whorean alkali metal or thallium; but in 
common alum » Alj=2 x 27'02 parts by weight 
of aluminium; and in gallium alum X;. was 
experimentally determined to be I.-IB parts by 
weight of gallium. Hence, as two atoms of 
aluminium were replaced by 13B unit masses of 
gallium without change of crystalline form, and 
as tho aluminium and gallium compounds were 
very similar in their chemical relations, the 
conclusion was dra^vn that 138 represents the 
relative weight of two atoms of gallium; there¬ 
fore the value ^-^^ = 69 was deduced for the 
atomic weight of gallium. This number was 
afterwards confirmed by analyses of gaseous 
gallium chloride, and by determinations of the 
spcciho heat of the metal. It was at one time 
supposed by H. Itoso (P, 108, 273) that a 
metal existed closely allied to, but not tho same 
as, niobium; but Marignao {A. Gh. CO, 257) found 
that compounds obtained from this hypothetical 
metal were isomorphous with the corresponding 
compounds of tin and titanium, and that the 
groups of atoms SnF and TiF could be replaced 
by an atom of Hose’s ‘ hyponiobium ’ without 
change of crystalline form, llciico Marignao 
suggested that ‘ hyponiobium ’ was a compound; 
and, because of various reactions, that it was 
a compound of niobium and oxygen in the pro¬ 
portion expressed by the formula NbO, where Nb 
has tho value 94. If this were admitted it 
followed that tho groups NbO, SnF, and TiF, 
were crystallographically equivalent in various 
compounds; but if so, it also followed, from 
analyses of the various compounds, that ono 
atom of tin («117’8 parts by weight), and ono 
atom of titanium (-=48 parts by weight), were 
replaced by 94 parts by weight of niobium in 
isomorphous compounds; therefore the atomic 
weight of niobium was 94. This value was con¬ 
firmed by determinations of the relative densities, 
and by analyses, of the gaseous chlorido and 
oxychloride of niobium. In this case the com¬ 
parison of the crystalline forms of compounds 
led at once to a determination of tho atomic 
weight of an element, to a proof of tho non¬ 
existence of a hypothetical metal, and to the 
recognition that a body supposed to be an clement 
was really a compound. An analogous case is 
furnishedIby lloscoe’s researches on vanadium; 
in this case also the study of isomorphism led to 
the correct determination of the atomic weight 
of vanadium, and to tho discovery that the body 
supposed lo be vanadium was in reality a 
compound of this metal with oxygen {T. 18G8. 
1 et scq.). 

No practical definition of the atomic weight 
of an element can be given in terms of the data 
of isomorphism. The foregoing examples serve 
to show how these data are applied to supple¬ 
ment those gained by the analyses of gaseous 
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Bompounds, and by determinaitons of the apeoifio 
beats, of the elements. 

If the atomic weight of calcium is known, 
fhen the isomorphism of the carbonates of Mg, 
Sr, Ba, Pb, Mn, Zn, and Fe, with the carbonate 
of calcium, helps to fix values for the atomic 
weights of those 7 elements; the isomorphism 
of the sulphates of Co, Ni, and Cu, with sul- 
hate of iron gives data from which values may 
e deduced for the atomic weights of Co, Ni, and , 
Cu; values are found for tho atomic weights of | 
Ti and Hg from considering compounds of these ■ 
elements isomorphous with corresponding com¬ 
pounds of rb; similarly, Zn and Cd—Fo, Al, and 
Cr—form many isomorphous compounds; many 
manganatos are Isormorphous with selonates 
and chromates, some chromates are isomorphous 
with molybdates and tungstates, permanganates 
are frequently isomorphous with perchlorates 
and periodates, hence values are found for tho 
atomic weights of Sc, Cr, Cl, and I, and also for 
Mo, and W; from copper wo pass to silver 
through tho isomorphism of Cu.jS and Ag^S; 
silver leads on to sodium and the alkali metals 
on the one hand and to gold on tho other hand; 
the compounds US.,, and IlAs.^ arc isomorphous, 
hence conclusions can be drawn regarding tho 
atomic wniglit of As, and from this the passage 
is easy to conclusions regarding the atomic 
weights of P, V, Sb, and Bi; iron is connected 
with Ti, and this with Si, Zr, Sn, and Th; lastly, 
given the atomic weight of Pt, Ir, Pd, Ro, llu, 
or Os, values can be assigned to the other metals 
of this group from a stmly of the composition 
of isomorphous compounds of these metals. 
Thus it is seen how lielpful is the study of iso¬ 
morphism in determining the atomic weights of 
the elements. 

Tlicse then are tho three generally applica¬ 
ble methods whereby values may be found for 
the atomic weights of the elements: the method 
founded on the law of Avogadro; the method 
based on the study of the specific heats of solid 
elements; and the method which considers the 
relations between the chemical composition and 
the crystalline form of similar compounds. 
The first of these inotliods can he applied to 
determine the atomic and molecular weights of 
elements and tho molecular weights of com¬ 
pounds, but tho application is restricted to 
bodies which arc gasifiablo without docomposj,- 
tion; the second and third methods cun bo 
applied, strictly speaking, only to find values 
for the atomic weights of solid elements or of 
elements which form solid conqiounds. 

All the methods arc essential ly physical; they 
are based on physical conceptions,and they are to 
a great extent developed by physical reasoning. 

The conception of the molecule of a gaseous 
element or comjmund which is impHcd in tho 
statement, ‘ equal volumes of gases contain equal 
numbers of molecules,’ is wholly physical. The 
imago of the molecule which this statement calls 
up in the mind is that of a small definite por¬ 
tion of matter ‘ which moves about as a whole 
•0 that its parts, if it has any, do not part 
company during the motion of agitation of the 
gas ’ (Clerk Maxwell). It is when this con¬ 
ception is applied to chemical changes that we 
aro forced to admit that in many of these 
changes the parts of molecules do part company; 


I thus we are led to the chemical conception of 
the atom, as a portion of matter smaller than 
the molecule, and either itself without parts, or 
I else composed of parts which, so far as we 
know at present, do not part company during 
I any of the changes which the atom undergoes. 
Then wo proceed to study tho properties of 
these atoms; and among theso properties we 
seem to find two of great importance; the pro¬ 
perty namely which is expressed in the state¬ 
ment that tho atoms of all solid elements, at 
certain temperatures, have equal capacities for 
heat; and the properly which may be expressed 
in the statement that identity of crystalline 
form among compounds is nsually accompanied 
by equality in tho number of atoms of which the 
chemically reacting masses of these compounds 
are composed. 

But hero we ask: Are the moWules of iso- 
morplious compounds built up of equal numbers 
of atoms? Can tho pliysical conception of 
molecule, which Ims been gained by the study 
of gaseous phenomena, bd applied to solid com* 
pounds ? And the answer at }>resent is; it is 
those small masses of isomorphous compounds 
which take part in chemical reac lions, which as 
a rule, arc com])oscd of equal numbers of atoms. 
The physical definition of inolecnlo cannot, in 
the jjresont state of knowledge, bo safely applied 
to solid and liquid bodies. Thus wo seem to 
arrive at two conceptions, and two definitions, 
of tlie inolccnlfi. On tho one side wo have the 
physical conception, ns that of a small mass of 
a gaseous clciiicnt or compound whicli moves 
about as a whole, and the parts of which do not 
! part company during tho motion of agitation of 
the gas; and on the other side wo have the 
chemical conception,as thatot the smallest mass 
of ail element or compound which lakes part in 
a chemical chango, and which exhibits the pro¬ 
perties of tho specified clement or compound. 

Tho first of these definitions holds good 
whether the small ]>artlclcs of a gas arc them¬ 
selves composed of smaller particles, or are 
cliemically indivisible. The volume occupied by 
a number of gaseous molecules is independent 
of the numbers of atoms which by their union 
form theso molecules: in one case a gaseous 
molecule may consist of a single atom (llg and 
Cd), in another case a gaseous moloculo may bo 
formed by tho union of 2 atoms (ilCl), .'1 atoms 
(H;jO), 9 atoms (C.^H^O), 11 atoms (CaHyOg), or 
a much larger number of atoms; but in every 
case, equal volumes of thivgases contain equal 
numbers of molecules. 13ut we know of no 
single propertj of liquid and solid compounds 
which is similarly independent of Hut number 
of atoms forming the atomic complex or react¬ 
ing chemical unit of the compound. 

Let us consider ti.e coiiccplion of the chemi- 
: cally reacting unit or coll(K:ation of atoms a 
I little more closely. Wo have already seen that 
the application of the empirical laws of chemical 
combination could not lead to final determina¬ 
tions of tlio atomic weights of elements, because 
these laws could not enable chemists to deter¬ 
mine which of several values should bo given to 
the smallest mass of a compound capable of ex¬ 
hibiting the properties of that compound. The 
value 6, 10. 21, c^c. would be assigned to the 
atomic weight of oxygen, according as the 






of waitf—ibftt it, In Daltonian iangnage, 
Ibe imanest mass of water which ei^ibits the 
properties whereby water is distingmshed from 
all other kinds of 2 nstter-*was assumed to be 
9,16, 27, drc. times heavier than the atom of 
hydrogen. But a study of the properties of 
water leads to the conclusion that the * atom ’ of 
water very probably contains two atoms of hy¬ 
drogen and one of oxygen, and that the atomic 
weight of oxygen is therefore more probably re¬ 
presented by the number 16 than by tho number 
6 . Thus, if 9 grams of water react with 
chlorine or bromine in sunlight 8 grams of 
oxygen are evolved, and 86'5 grams of a com¬ 
pound of hydrogen with chlorine, or 81 grams of 
a compound of hydrogen with bromine, are pro¬ 
duced; in the former case, the 30*5 grams of the 
chlorine compound are proved by analysis to be 
composed of 35*6 grams of chlorine and 1 gram 
of hydrogen; in the latter case, the 81 grams of 
the bromine compound are proved to be com¬ 
posed of 80 grams of bromine and 1 gram of 
hydrogen; in both cases the whole of the oxygen 
of the 9 grams of water is removed from com¬ 
bination with the hydrogen and makes its ap¬ 
pearance as free oxygon. Again, if 9 grams of 
water are acted on by potassium, *5 grams of 
hydrogen are evolved, and 28 grams of a com¬ 
pound of potassium, hydrogen, and oxygen, con¬ 
taining 8 grams of oxygen—t.e. all the oxygen 
originally combined with hydrogen in the 9 
grama of water—arc at the same time produced; 
if these 28gramsof tho new compound are dried, 
fused, and, while molten, are acted on by potas¬ 
sium, *5 grains of liydrogen aro evolved, and 47 
grams of a now compound of potassium and oxy¬ 
gen are produced, wliich 47 grams contain the 
whole of tho oxygon (i.e. 8 grams) originally 
combined with hydrogen in the 9 grams of 
water. These experiments prove that tho hydro¬ 
gen in a specified mass of water can be removed 
from that mass of water in two equal portions, 
but, 80 far as those experiments go, that tho 
oxygen in tho same mass of water is either not 
removed at all, or is wholly removed, from com¬ 
bination with hydrogen. Hence the conclusion 
is drawn that tho smallest reacting mass of 
water contains one chemically indivisible mass 
of oxygen, but two chemically indivisible masses 
of hydrogen. But masses of hydrogen and oxy¬ 
gen are combined in water in tho ratio 1:8; 
hence, if the smallest reacting mass of water is 
composed of 2 smallest parts, i.e. atoms of hydro¬ 
gen, and one smalle^^ part, i,e. atom, of oxygen, 
it follows that tho atomic weight of oxygen is at 
least 16, that of hydrogen being unity, and that 
the relative mass of the smallest reacting portion, 
that is the reacthig weightt of water is repre¬ 
sented by the number 18, not by tho number 9. 

What value is to be assigned to the reacting 
weight of marsh gas? Masses of carbon and 
hydrogen combine to form marsh gas in the 
ratio 8:1; hence the value we are seeking can¬ 
not be less, but may be greater, than 4. If 4 
grams of marsh gas are acted on by olilorinc, a 
series of 4 compounds is produced; tho first of 
these compouuds contains chlorine andhydrogen 
combined with carbon, the masses of carbon and 
hydrogen being in the ratio 3: *76; the second 
and third contain the same three elements, in 
the second the carbon and hydrogen are in the 


ratio 8: *8, and in the third In the ratio 8: ‘25; 
the fourth is a compound of the whole of the 
carbon originally combined with hydrogen in 
the 4 grams of marsh gas with chlorine, and con- 
tains no hydrogen. If now 4 grams of marsh 
gas are burnt in a plentiful supply of oxygen 
11 grams of carbon dioxide are produced, or if 
the same mass of marsh gas is burnt in a limited 
supply of oxygen 7 grams of carbon monoxide 
are produced; in each case the oxide of carbon 
formed contains the whole of the carbon origi¬ 
nally combined with hydrogen in the 4 grams of 
marsh gas used. No compound has yet been 
obtained from 4 grams of marsh gas containing 
a smaller mass of carbon than was originally 
present in the marsh gas, i.e. containing less 
than 3 grams of carbon. The conclusion drawn 
from these experiments is that the smallest mass 
of marsh gas which can tako part in chemical 
changes is itself most probably composed of at 
least 4 atoms of hydrogen combined with at 
least one atom of carbon; but if this is granted 
it follows that an atom of carbon is 12 times 
heavier than an atom of hydrogen, and that the 
reacting weight of marsh gas is represented by 
a number certainly not smaller than 16. 

Wo have thus determined, on chemical 
grounds and by chemical reasoning, the follow¬ 
ing values for the atomic weights of two ele¬ 
ments: (H«l) C = 12, Os 16. Now let us 
consider a compound of these elements. The 
simplest formula that can be given to acetic acid 
consistently with tho values n = l, C»12, 
0 = 16, is CHjO. If this acid is neutralised by 
soda, and the sodium salt so formed is analysed, 
this salt is found to bo composed of the same 
masses of carbon and oxygen, combined with j 
the mass of liydrogen, wliich wore present in 
the mass of acid used; hence tho smallest re¬ 
acting mass of acetic acid must contain at least 
4 atoms of hydrogen. But if this is granted 
it follows, from the fact that tho elements are 
combined in the ratio C:2H:0, that this smallest 
reacting mass must also contain at least 2 atoms 
of carbon and 2 atoms of oxygen, and that the 
formula expressing the composition of the re¬ 
acting weight of the acid in question must be 
written C.ji^Op Further evidence in support 
of this conclusion is afforded by the preparation 
of thio-acctic acid, which is composed of carbon, 
hydrogen, oxygen, and sulphur, the carbon and 
hydrogen being present in the same ratio as in 
acetic acid, but the oxygen being present in the 
ratio of 16 to 4 hydrogen {i.e. 0:411), and tho 
sulphur in the ratio 32 to 4 nydrogen. Now the 
atomic weight of sulphur is almost certainly 32; 
hence the simplest formula which expresses the 
composition of the reading weight of tbio- 
acetic acid is C^H^OS. In this case, of the 
oxygen of iho reacting weight of acetic acid is 
replaced by sulphur without any further change 
in the composition of the acid; hence, there must 
be at least 2 atoms of oxygen in the reacting 
weight in question, because atoms aro (by defi¬ 
nition) chemically indivisible. 

This is an example of tho general proposition 

that when - of a constituent element of the 
n 

reacting weight of a given compound can be re¬ 
placed by another element without any otb« 
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ilunge In tho eomposition of the (Hdgiiial sab* 
•tanee, it follows that the reaoting weight in 
question mast contain at least n atoms of the 
Aement which has been removed; and that if 
the atomic weight of the replacing element is 
known, it is easy to calculate, from the com¬ 
position of the original substance, the masses of 
the other constituents which must bo present 
united with the n atoms of the specified elcmeut, 
and hence to assign a minimum value to the 
reacting weight of the original substance. 

When a formula has been assigned to a 
compound by such chemical methods as those 
now sketched, it is frequently possible to argue 
from this to the formulte of similar compounds. 
Thus, tho properties and the methods of forma¬ 
tion of sulphide of hydrogen show tliat this com¬ 
pound is similar to oxide of hydrogen (water); 
but if tho reacting weight of water is repre¬ 
sented by the formula H^O, that of sulphuretted 
hydrogen is probably represented by the formula 
HjS; again, tho marked analogies between tho 
sulphide, selenidc, and telluritle, of hydrogen 
suggest that these compounds have similar 
compositions; but if tho first named is H.S, tlio 
others are probably IL^Se, and Il-Te, respeo- 
tivcly. If these fonnulie are admitted, values 
are at once found for the atomic weights of tlio 
three elements, sulphur, aelenion, and tellurium. 
Again, the niotal magriesium reacts witli water 
in the ratio of 24 parts by weight of the metal 
to 18 parts by wciglit of water, tho pro<.luots of 
this action being, (1) an oxide of magnesium 
containing IG parts by weight of oxygen united 
with 24 parts by weight of m.agnosiuin, and (2) 
two parts by weight of hydrogen; hence, as 
the reacting weight of water is represented by 
the formula H.p, that of magnesium oxide is 
probably represented by tlio formula MgO, where 
Mg = 21 parts by weight of magnesium; and hence 
the atomic weight of magnesium is ])roI)ably 24. 

The chemical methods for determining tho 
atomic weights of elements then lead to a defi¬ 
nition of atomic weight which may bo stated 
tlius: the atomic weiglit of an element is a 
number whicli tells how many times greater is 
tho smallest mass of tb at element found in tho 
chemically reacting weight of ar>y of its com¬ 
pounds than the smallest mass of hydrogen 
found in tho chemically reacting weight of any 
compound of hydrogen, such smallest mass of 
hydrogen being taken as unity. The dilficulty 
in applying tliis definition lies in tho vagueness 
of the expression ‘tliecliemically reacting weight 
of a compound.’ This exjjression cannot ho de¬ 
fined; tho illustrations already given indic.ato 
the interpretation usually put upon it, and also 
tho methods whereby approximately accurate 
values are obtained for it in special cases. • 

The phy8ic.il conception of molecule is clear, 
and admits of being put into words \^iich have 
a definite quantitative meaning; this conception 
leads to that of tho atom, tlio definition of 
which may also be pul into a quanti^tivc form. 
But tho definition of tho molecule is strictly 
applicable only to gases; hence arises the need 
of a subsidiary definition. Wo conceive chemical 
changes occurring among liquid and solid bodies 
as occurring among the smallest particles of 
these bodies which are capable of existing as 
wholes aud ol exhibiting the properties of the 


bodies ia qaestion* These smallest particles we 
may call the ohemically reaoting units, of the 
reacting weights, of the bodies; they are gene¬ 
rally called molecules; but if we use this torm 
we must not forget that it is employed in a 
somewhat vague manner, and without the strict 
quantitative signification which is attached to it 
when we speak of tho molecule of a gas. 

It seems probable that the mass of tho 
chemically reacting unit of a compound varies, 
within certain not very wide limits, in diHorent 
reactions. This mass must of course always beex- 
pressed by a whole multiple of a certain number; 
but it is probable that the value of tho multiple 
varies. Thusmany of the reactions of potassium 
permanganate can bo simply expressed by 
assigning to the reacting weight of this salt the 
formula KMnO,; but other reactions indicate 
that this formula should be doubled and written 
K.^Mn/)^. Again, periodic acid generally reacts 
as if the smallest particle which exhibits the 
chemical properties of this acid Imd the mass 
228, and were composed of hydrogen, iodine, 
and oxygen, combined as shown in tlio formula 
but some of tho reactions of periodic 
acid are more simply explained by doubling the 
formula, and writing it llmLOjo. Indeed, even 
in tho case of gaseous elements and compounds, 
we have sometimes direct evidence tc show that 
the molecular weight of tho gas varies with 
variations of temperature. Consider, for in¬ 
stance, the following data:— 


Spec. orav. 

OF loMSK OAS (Air--*!), 

rrossnro 

Temperature 

Ki>. Kr. 

7ti0 nim. 

448“ 

8-74 


855 

807 


ri275 

5-82 


E 1470 
& L1250 

5-OG 

70 mm. 

4-73 

Spec. ghav. 

OF SULPIIDR GAS (Alr-^l). 

Pn-sMiro 

Temperature 

Sp. ur. 

7(>0 mm. 

520® 

G-G2 


GGO 

2t)3 


8»io 

2-23 

(cf. SfLrin.'Ji, vol. iv.] 

1 

Spec. gr.w. or 

' AcRTIO ACin OAR 

(.\ir-a). 

Pros'^ure 

Temperature 

Kp. fir. 

700 mm. 

124® 

3-20 


1.30 

,311 


160 

2*48 


230 

200 


280* 

2 08 


.338 

2*08 


.’EC. nn.tv. 

OF NiTU'HIKN TKXKQXIDB GAS (Air 

Pn-:.!-ure 

Tciiu>eraturo 

S|P. Kr. 

125 mm 


301 

138 „ 

+1 

2-84 

760 

70 

1-93 


135 

160 

II II 

185 

1'57 


Tho density of iodine gas would bo 8’77 U 
the composition of tho molecule were repre¬ 
sented by I.., and 4 38 if the composition of tlw 
molecule wore represented by I: the numberf 
given point to the existence of molcculoi 
having the composition at comparatively low 
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iemperatures, and having the composUion 1 at 
high temperaturCB when the gas is ander a 
small pressure. The numbers given for sulphur 
gas suggest the existence of molecules at tern' 
peraturcB from b.p. to c. and of molecules 
Sj from c. 660° to c. 1000°; but more recent re¬ 
sults throw consblerablc doubt on the accuracy 
of this conclusion (cf. SnhniUR, vol. iv.) In 
the case of acetic acid gas, experiments indicate 
tho existence of two diSerent molecules; the 
data point to tho existence of tho molecules 
CaII,0.j (calculated sp. gr. = 2*08, airssl) at 
about 230° and upwards, but to the existence of 
heavier molecules, CaH^O;, (calculated sp. gr.« 
8*12, air = 1), at about 120°-130°. Lastly, the 
existence of tho molecules (calculated 

sp. gr.-3‘lB) in gaseous nitrogen tetroxido at 
low temperatures and pressures, and of the 
molecules NO, (calculated sp. gr.«l*69) at 
higher temperatures, is indicated by the numbers 
which represent tho observed relative densities 
of this gas. Tho sp. gravs. of some gases slowly 
decrease as temperature rises until a value is 
attained which remains constant throughout a 
considerable interval, e.g. iodine, acetic acid, 
nitrogen totroxidc, gases; in other cases tho sp. 
gr. remains nearly constant throughout a con¬ 
siderable range of tr3rnpcratur6, and then rapidly 
docroases until another constant value is reached, 
which again remains constant for a considerable 
temperature-interval, e.g. sulphur gas (v. Dis¬ 
sociation, also AiJiOTUOpy, and Isomkuism). But 
in both classes of gases the data point to tlio 
existence, at dilT‘!reDt leniperatures, of more or 
loss stable molecules, tho mass of the heavier 
of which is a whole multiple of that of the 
lighter. 

The practical conclusions to be drawn from 
these facts are, that before tho molecular weiglit 
of a gas can bo regarded as satisfactorily deter¬ 
mined, observations of the sp. gr. of that gas must 
bo made throughout a considerable range of 
temperature; and that tho number wliicli 
ropresents the sp. gr. in question for sucli a 
range of temperature is to ho taken as the basis 
for calculating tho molecular weight of the gas, 
or it may be in some cases the numbers which 
represent tho sp. gravs., each for a considerable 
temperature-interval, are to be used for finding 
tho dilTeront molocuiar weights of tho gns. 

If tlicn tho mass of tho molecule of a gas 
may have a different value, and therefore the 
molecule be composed of a different number of 
atoms, at a high than at a low temperature— 
and BO far as data |^ocs it seems that tho mass 
of the molecule, if variable, is greater at tempe¬ 
ratures near the condensation point than at 
tompcraturcs far removed from this point—it is 
at least very probable that, if we carry over tho 
conception of the molecule from gases to liquids 
and solids, wo must be prepared to regard the 
mass of tho molecule of a liquid or solid com¬ 
pound as considerably greater than that of tho 
molecule of tho same compound in the gaseous 
state. But, in practice, when we speak of tho 
molecular weight of a liquid or solid compound 
we use the term molecular weiglit with a mean¬ 
ing different from that which wo assign to it 
when we speak of the molecular weight of a gas. 
In the latter case the term signifies a small 
mass of matter, itself built up of smaller parts, 


which collides with other similar small masses, 
rebonnds, vibrates, bot yet remains intact, 
when a number of these small parts of matter 
are heated; in the former case the term sum¬ 
marises a number of chemical data in a con¬ 
venient form, and asserts that the number of 
atoms which are so associated as to act in 
many changes as a chemical whole, is not less 
than a certain speciffed number. 

The chemical formula) of solid and liquid 
bodies do not then stand on tho same footing 
as the formula) of gases {v. Formul.e). But the 
question arises: are these collocations of atoms 
which we have called reading chemical units 
also the reacting physical units of this or that 
compound? Are the physical constants of com¬ 
pounds conditioned by the masses of these re¬ 
acting units? If these questions are answered in 
the affirmative, it is possible that measurements 
of some physical constant for a series of ohorai- 
cally similar compounds might enable just con¬ 
clusions to be drawn regarding the relative masses 
of the reacting units of these compounds. Many 
measurements of this kind have been made; 
but no wide generalisation has yet been found 
which enables us to determine the relative 
masses of tho reacting units of solid and liquid 
compounds from a knowledge of the physical 
constants of these compounds. All the general¬ 
isations which have been, or which at present 
can be, ventured upon, arc for the most part 
empirical: tho theory of tho grained structure 
of matter has been developed, so far as it lias 
been dovolopod, only for gases; as regards gases, 
conclusions can bo drawn from tho fundamental 
principles of the theory, and these conclusions 
can be tested by experiment; but as regards 
liquids and solids, no such general conclusions 
can be drawn, and the theory can be used as a 
guide in experimental research only in a wide 
and general manner. WJiat is wanted now is 
therefore not only further experimental deter¬ 
minations of tho physical constants of series of 
chemically similar compounds, but a great 
development of tho general theory of tho struc¬ 
ture of matter, especially in tho direction of 
applying this theory to liquid and solid bodies 
(t). MoLECUr.AR TIIEORIKS, alsO I’UYSICAI. METHODS). 
The great diflicuUy lies in tho fact that most 
of tho physical constants of liquid and solid 
compounds appear to bo conditioned both by 
•tho nature and number, on the one hand, and 
by tho modes of combination, on the other 
hand, of the atoms which form the atomic 
complexes we have 'tailed reacting chemical 
units. But the kinetic theory of gases has been 
chiefly developed from the study of properties 
which arc independent of the nature and num- 
berf and are conditioned only by the states of 
union, of tho parts of molecules. 

But although we must for a time bo content 
with the conception of the chemically reacting 
unit of a liquid or solid compound, and although 
we may |it times wistfully contrast this with 
the clear physical conception of the molecule of 
a gas, yet there is one well-established ohomioal 
generalisation by the application of which values 
may be obtained for tho atomic weights of many 
elements. This generalisation may be stated 
thus ;—jyroperties of Vte elements vary 
^periodically with variations in tlw atomic 
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0/ th4 eUtnenU; or thus :—^ 
iUmenta are arranged in order of increasing 
atomic ioeightst the properties of the elements 
vary from element to element but return more 
or less nearly to the sa^ne values at certain 
fixed points in the series. Let the elements bo 
arranged in the order ot their atomic wci^dits, 
from hydrogen to uranium; lot them be divided, 
broadly, into series of sevens; let the second 
series be placed under the first, the third under 
the second, and so on; tlicii the elcineiits con¬ 
tained in any one vertical column are called a 
group, and those in any one horizontal column i 
are called a scries. In this arrangement hydro¬ 
gen is placed in a series by itself, ajid under it, 
that is in the same group, is placed tho element 
(Utluum) which comes next after hydrogen in 
order of increasing atomic weight; certain gaps 
are also supposed to occur in tho list of elements, 
80 that an clement wliich immediately succeeds 
another in order of increasing atomic weights is 
sometimes placed, not in the group immediately 
succeeding, but in llio group next but one or next 
buttwoifec. after, that which contains tho element 
with the smaller atomic weight. Thus uranium 
(2l0)comes after thorium{2;i2) inorderof atomic 
weights; thorium is placed in group IV.; hut 
uranium is placed in group VI. Curtain elements 
arc also plao(id in an eighth group by tliemsi*lvi‘s; 
and the last member of each series in this group 
is repeated as tho first member of tho next 
scrios in group 1. 

Tho following table shows tho arrangement I 
of tho elements in accordance with the periodic i 
law. Tho formula at the head of each group j 
represents the composition, cither of the highest,! 
or of tho most characteristic, oxide of tho ole- 
monts belonging to that group; in each case 
tho formula gives the number of atoms of oxygen 
referred to two atoms of the element. 


parts, and to examine the nature of tho oon« 
nexion between the atomio weights, and such 
zneasuroablo properties, of the elements, as 
atomic volume 


/. .. i atomio weight 

tho quotient efoFiIm)’ 


position in electrical scries, fusibility, composi* 
tion of oxides, chloridps,\t'c., wavo lengtiis of 
characteristic lines in the spectra, heats of com¬ 
bustion or of combination with chlorine, <&o. 
&o. Tlio expression ‘ properties of the elements ’ 
is also to be taken ns including tho properties of 
tho compounds of tho elements; so that the 
perioilic law asserts tliat c.g. tho melting-pbinls 
of similar compounds (say of chlorides) vary 
periodically with variations in the atomio 
woiglits of the elements. 

The periodic law will bo discussed in detail 
in tho article with that heading; meanwhile 
suHico it to say that tho law rests on a firm 
basis of well-established facts of diverse kinds. 
We sluill hero make use cf this law to establish 
values for tho atomic weights of one or two 
typical elements. 

At the time of the publication of MeiidelociT’s 
first memoir on the periodic law no eb-ments 
were known which could bo placed in group III. 
scrie.; 1 and 5. Calcium (Jt)) and titanium (iH) 
were known; zinc (bo) and arsenic (75) were 
known: calcium and zinc evidently bidong to 
tho group which comprisea magnesium, stron¬ 
tium, cadmium, and barium ; titanium must be 
placed in the same group as carbon, silicon, and 
till; an<l arsenic could not bo separated from 
phosphorus, vanadium, and antimony. Honco 
two gaps occurred in group III. (series 4 and 5), 
and one in group IV. (series 5). From consider¬ 
ing tho difference between the values of tlio 
atomio wciglits of conseoutivo element.^, (1) in 
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1 

I. 

IT. . 

1 HI. 

IV. 

V. 

VI. 

VII. 

VIU. 

U,() 

Il/'i 

1 


11,0, 


K,0, 

tn.o.] 

1 

2 
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Li = 7 j 

Ik'-Tli 
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C-12 

N^li 1 

0=1G 

Fj19 

— 

3 

4 

Na=23 
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10 

AU27 
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r^3i 

V = 51 

S-32 

Ci‘=S2 

Ol = 35-.5 
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ft 
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(Cu^G3) 
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7 
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• 

? 237 

? 2 
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212 to 220 ? 

I y 245 


12 

1 ' ? 3 Elciueiiti 22‘J to 230 ? ' | 



In order to establish the existence of a 
periodic connexion between the atomic weights 
and the properties of the elements, it is neces¬ 
sary to break up the phenomena connoted by 
the phrase ' properties of the elements * into 


the same series the average value of this dif¬ 
ference is about 2 in series B, 4, and o -and (2) 
in tho same group—tho average value of this 
dilTcrcnce for the first, second, and third mem¬ 
bers of groups I., 11., and III., and (or the first 
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ftnd second members of groups rST., VI.« an4 
Vn., is about 15, and for suooeeding members 
of these groups it is about —MendeUeff 

assigned the value 44 as approximatel^r that of 
the atomic weight of the unknown element in 
scries 4 of group III., and the value G9 as 
approximately that of the atomic weight of the 
unknown clement in series 5 of the same group. 
MondeI6ciI also predicted many of the properties 
of those two unknown elements from considering 
the positions they occupied in the * periodic ’ 
arrangement of the cleiucnts. Thus, the rela¬ 
tions of the unknown clement with atomic weight 
44 to aluminium should bo similar to those 
between (1) calcium and magnesium, (2) tita¬ 
nium and silicon, (3) vanadium and phospliorus, 
(4) chromium and sulphur; again tlio relations 
between (1) beryllium and calcium, (2) carbon 
and titanium, (3) nitrogen and vanadium, (4) oxy 
gen and clirouiium, (5) lluorinc and mangan» 
ought to be similar to the relations between boron 
and tho unknown clement. As regards the pro¬ 
perties of the second unknown clement with 
atomic weight 00, it was known that (1) zinc is 
more like magnesium Ilian it is like calcium, (2) 
arsenic moro resembles phospliorus than it docs 
vanadium, (3) selenion shows closer analogies 
with sulphur than with chromium, and (4) bro¬ 
mine and chlorine are more like each other than 
either is like manganese; hence, it was argued, 
tho unknown element (09) will resomblo alumi¬ 
nium more closely than it rescmblos tho other 
unknown element (44), and more closely than 
the second unknown element itself resembles 
aluminium. Tho relationships indicated were 
of course studied in detail by RIondeleeff. Thus, 
take tlic pairs of consecutive elements in scries 
3 and 4; the resemblance between any of these 
pairs (Na.K; Mg, Ca; Si, Ti; 1>. V; S, Cr; 
Cl, Mn) is less marked in the higher than in 
the lower groups. Or, take tlio two elements in 
each group belonging respectively to scries 3 and 
6 ; the rosemblancc between any of those pairs 
(Na, Cu; Mg, Zn; .. .P, As; S, So; Cl, Br) 
is more marked in tho higher than in llic lower ! 
groups. ... i 

Tlio relationships examined by Monde- ; 
16eff w'cro those between atomic weights, fusi- | 
bilities, atomic volumes, composition of oxides ; 
chlorides and other compoumls, acid or basic : 
character of oxides, power of forming double | 
salts and com 2 >osition of these salts if formed, ! 
A’C. itc. As a result of his study of these i 
rclationshijis, Mcndcleeff tabulated many pro- | 
perties of tho two 'unknown elements. Since ! 
the memoir of tho llussian naturalist was . 
published, several new elements have been dis- ' 
covered; some of tho properties of two of these : 
elements will now be compared with tho pro-1 
perties wliicli Meiidclecf asserted ought to 
characterise tlio elements belonging respectively 
to scries 1 and 5 of grou]) HI. 

MciuUhu'ff's Eka-nluminium (111.-5). 

Atomic weight about C9. 

Keadily obtained by reduction. 

Melting-point low. Sii. gr. = 5*9. 

Not acted on by air. 

Will decompose water at a red heat. 

Slowly Hoicked by acids or alkalis. 

Will form'a potassium alum more soluble, 


bnt leM easU;^ erystaUisabloi thao the oorte< 
spending alummium salt. 

Oxide«« Chloride » El,Cl,. 

Oalliim, 

Atomic weights* 69. 

lieadily obtained by electrolysing alkaline 
solutions. 

M.P. = 30-15°. Sp. gr. = 5-93. 

Non-volatilo, and but superficially oxidised 
in air at bright red heat. 

Docom^iosos water at high temperatures* 
Soluble in hot hydrochloric acid, scarcely 
allack(!d by cold nitric acid; soluble in caustio 
Xiotasli. 

Forma a well-defined alum. 

Chloride = Ga^^Cla- Oxide = Ga 

MendcUeff's Eka-boron (III.-4). 

Atomic weight about 44. 

Oxide Eb-P, soluble in acids; sp. gr. about 
3*.5; analogous to but more basic than Al.^0,; 
less basic than MgO; insoluble in alkalis. 

Salts of Eb colourless, and will yield gela¬ 
tinous precipitates with KOII, KaCO.„ Na^HPOi, 
dc. 

Sulphate, Eh..3SO„will form a double salt 
with K^SO^, probably not isomorxihous with the 
alums. 

Chloride EbCl, or Eb^Cl,;, sp. gr. about 2, less 
volatile than 

Scandium. 

Atomic weight - 44. 

Oxide Sc.Oj; sp. gr. = 3*8; soluble in strong 
acids; analogous with but moro decidedly basic 
than AlOj; insoluble in alkalis. 

Solutions of Sc salts colourless and yield 
gelatinous prccii)itates with KOII, K..CO.,, and 
Na,HPO^. 

Suljdiate, So„.3SO„ forms a double salt, not 
an alum, Sc^HSO'^.HK.SO^. 

Gallium and scandium are, therefore, the ele¬ 
ments which Mendeleeff named cka nluminium 
and cka-horoii, and many properties of which 
wore accurately and in detail tahulatcd by Iihu, 
while the elements were yet unknown. 

Much discussion has of late been carried on, 
and a great deal of experimental work has been 
done, regarding tho value to be given to the 
atomic weight of beryllium. Chemists are agreed 
that tho value in question is either (in round 
numbers) 9or Ox 1^ =13*5; if the former value 
is adopted, beryllium must be jilacedin group II. 
series 2; if tlio latter value is i)roferrcd, the metal 
must find a iilaco holween carbon and nitrogen. 
If the former value is adopted, the formula of 
beryllium oxide becomes BcO; if the latter 
value is preferred, the formula of this oxide must 
be written Bo.Ga. The periodic law is a guide in 
tlie sohitibn of this jirobicm. Briefty, tho law 
directs us to study tho properties of the clement 
itself and the composition and properties of its 
compounds; to compare those with those of 
elements \'7hich must come in the same group 
and the same series as beryllium; to cempare 
the relations between beryllium and these other 
elements with the relations which have been 
established between elements occurring In posi¬ 
tions similar to that occupied by beryllium and 
the other elements in question; and to adopt 
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difti vb1u« for the atomic weight of beryllium 
which best harmonises with the outooote of this 
study. There can be no doubt that the value 
which best hannonises with the results of this 
study is 9; hence the atomic weight of beryllium 
Is almost certainly 9. This result is conftrmcd 
by tho application of tho law of Dulong and 
Petit, and also of tho law of Avogadro; for tho 
specitio heat of beryllium at about 500^ is 
nearly constant and is approximately represented 
by the nunil)cr •02 (*02 x 9 - iJ-O), and tlic vapour- 
densities of beryllium chloride and bromide show 
that the formulfo of these compounds, as gases, 
are lieCL, and Ikdlr.;, respectively (Bo = 9). 

Tho atomic weight of tellurium had for long 
been supposed to be greater than tliat of iodine 
^127); but if this were sotolluriummust bo placed 
in group I. aeries 9; that is to say, in a group which 
contains tho alkali metals. This position cannot 
be defended; moreover, every chemist knows that 
tellurium exhibits marked analogies to snlplinr 
and sclenion. But if tellurium is to liml a 
place in group VI. tho value to bo given to its 
atomic weight must bo greater than 120 and 
less than 127. In 18<S.1 Bj-.auricr undertook an 
experimental criti(;ism of tho methods whereby 
the atomio weight of tellurium had been de¬ 
termined by different clicmisls. Brauner proved ' 
that these methods almost necessarily gave too | 
largo values; ho also made very careful deter¬ 
minations of tlio atomio weiglit of tho element by 
two new methods, and obtained a scries of 
numbers varying from 121-91 to 12;3-1, with a 
moan value of 12u, The periodic law has, there¬ 
fore, prevented chemists from linally adopting 
an erroneous value for the atomic weight of 
tellurium, notwithstanding tlic great weight of 
authority which was in favour of regarding that 
value as correct. 

These examples will sullicc to show how tho 
periodic law is used aa a guide in determining 
what multiple of tho combining weight of an 
element is to be adopted as tho atomic weight of 
that element. Incidentally, theso examples 
also impress us with the extreme importance of 
the constants which wo call the atomio weights 
of the elements. Given this constant for a now 
element, and we may, to a considerable extent, 
predict tho properties of tlic element and its 
compounds. Tho periodic law also enables 
values to bo given, if not to the molecular 
weights, then certainly to tlio reacting wtdghfe 
of compounds; because the position of an ele¬ 
ment in a group and series determines the 
formula) of the salts of that element, and, as we 
assume tho atomic weights of the other elements 
in these salts to be known, therefore determines 
the relative masses of tho chemically reacting 
units of theso salts. There are at least one or j 
two elements in each group which form some j 
gasifiable compounds; the molecular weights of' 
theso compounds are therefore known; hence 
conclusions may tentatively bo drawn regarding 
the molecular weights of similar coippounds of 
other elements in tho same group. But no 
great stress must be placed on such reasoning as 
this. Aluminium and indium occur in group 
III. (series 3 and 7), these metals exhibit fairly 
marked analogies; yet tho molecular formula 
of gaseous aluminium chloride is Al^Gl, while 
that of gaseous indium chloride is InCl,; thallium 
Voih I. 


belongs to tho same group as aluminium and 
indium (series 11), yet the formula of the only 
chloride of thallium which is stable as a gas is 
TICl. 

Tiiere is then at present one generally 
applicable method for determining the molecular 
weights of gaseous clomcnl^ and compounds; 
this method springs out of llio application of 
the generalisation of Avogadro to chemical 
changes occun-ing between gaseous elements. 
Tho application of Ihcireneralii^utionin question 
leads to practical dctiiiitions of tho terms 
molecular weight and atomic weight. Tn addition 
to this method there are three others which 
; servo to determine, more or less accurately, the 
I values of the atomio weights of tho elements; 

; and two of these arc also eniployc<l to find the 
I relative masses of tho small jiaiticles of soUd ' 
and liquid compounds whicli take part in 
I chemical clianges. 

I The methods founded respectively on the laws 
' of Avogadro, Biilong and Petit, and Milscher- 
lioli, aro essentially physical methods; they 
arc outcomes of the physical theory of the 
grained structure of matter. Tho applications 
of this theory to chemical phenomena which 
have been considered in tlio jn'cscnt article have 
been treated in a purely empirical manner. 
But it is poRsilde to deduce tho law of Avogadro 
from tlio flrst principles of tlio theory in question. 
Tlio theory assumes that tho temperature of a 
gas represents the mean kinctio energy of the 
molecules of that gas; hence, if M and M| 
represent tho masses, and and V,'^ tho mean 
squares of tho velocities, of the molecules of 
two gases at the same temperature, it follows, 
from the laws of energy, that 
MV" = M,V,^ 

But if tho pressures of tho two gases are equal, 
then 

where N and N, represent the number of mole¬ 
cules in unit volume of tho two gases; because, 
according to the theory, the pressure of a gas 
on tho walls of tho containing vessel is an effect 
of tlie impacts of the molecules of tho gas, and 
this depends on the number and velocity per 
unit of time of these molecules. From those 
oqualions it follows that 

N»N,; 

that is, when two gases are at the same pressure 
and temperature the number of molecules in 
unit volume of oitlicr gas is tho same. But this 
is tho law of Avogadro. 

Neither tho law of Bdlong and Petit, nor 
tlio law of isomorphism, can as yet bo satis* 
factorily deduced from tho lirst principles of tbo 
molecular theory. We know very little, if any¬ 
thing, of the structure of gaseous molecules; 
and of the molcculn: phenomena of solids our 
accurate knowledge may be said to be almost 
nothing (v. Aggbkoaiion, States of, p. 87; 
also Moleculab structube of matter, TnEoniss 
llEGARDTKa ; ulso PHYSICAL UEXUOOS ATFLIED TO 
CHEMICAL TUENOMBNA). 

The atomic weights of all tho known elements 
have been more or less accurately determined; 
but only fourteen elements have been gasified, 
and hence tho molecular weights of only fourteen 
elements have been determined. Tho molecules 
of the greater number, but by no means of all, 

AA 
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these elements ere mo$tprohahty (v. remarks on 
S40 regarding the molecules of hydrogen, Ac.) 
imposed of two atoms; they are diatomic, 
he following table shows the classification of 


the elementary molectdes, so far as the avaiUblt 
data permit, in accordance with their atomioit;^ 
that is, the number of atoms of which each 
moiecuie is composed. 


Atomicity of Elementahy Moleccles (the temperatures are approximate). 


Monatomic 

Diatomic 

Trialomic 

Tetratoviic 

Hexatomie 

odium 

otassium 

ino 

admium 

lercury 

)dine at c. IfiOO® 

■ Bromine at o. 1 R00°) 
ntimony at c. 1700® 

Hydrogen 

Chlorine 

Bromine 

Iodine at 200®-1000® 
Oxygen 

Sulphur at 800° and 
upwards 

Solenion at 1200° and 
upwards 

Tellurium 

Nitrogen 

Phosphorus I at white 
Arsenic / heat 

Oxygen as 
ozone 

Sclenion at 
700°-800° 

Phosphorus 
; Arsenic 
(both at temps, 
nearly up to 
white heat) 

Sulphur at 450-• 
550° 

(very doubtful i 
V. Biit/i a. 
Meyer, B. 2L 
2013) 


The following table presents the data available for calculating tlic molecular weights of the 
lementary gases:— 

Molecular Weioiits of Elementary Oases. 


I. 

II. 

III. 

IV. 

V. ' 

I. 

IT. 

HI. 

IV. 

V. 


Jlclativi; 

Tt’ini). of 

Di-nsity 

Mnlet-tilar 

Name 

Reliitive 

density 

(tir=i 

Temp, of 

DensUv 

Molecular 

of clomciit 

all'll 

i>l).^erviitj<u> 

X 28-87 

weight 1 

of element 

ob.soi'Viition 

X 28-87 

weight 

Hydrogen 

•0(5926 

O'* 

2 

2 

Brumiuc 

5-51 

100® 

1 . 59-9 1 

159-6 

'•Sodium 

■87 

1200'’-lf)00® 

25'5 

23 

'• „ 

5-38 

100® 

155-3 1 

' Nitrogen 

0-9713 

0» 

2X04 

2802 

'• „ 

4-43 

abt. 1500® 

117-9 

? 

' Oxygen 

1106 

abt. 1400® 

31!M , 

31-92 

Se'euiou 

6-68 

abt. MOO® 

161-1 

167-6 

» 

1-10563 

0® 

3 I'M) 

" 

6*37 

abt. 1000® 

183-9 

? 

* „ (ozone) 

1-6.58 

— 

47-80 

47-88 


7-67 

860® 

221-4 

236-4 

' Sulphur 

2-23 

860® 

64-1 \ 


” Mcroiu-y 

6-90 

abt. 1000® 

200-93 



1 

2-24 

1010® 

64-6 1 

63-96 

„ 

6-98 

446® 

201-.5 


199-8 

• 

217 

nbt. MOO® 

62-6 j 



703 

424® 

2030 


• Zinc 

2-38 

abt. MOO® 

C8-7 

61-0 


6-7 

882° 

193-4 



* Oblorin* 

2-45 

200® 

70-73 


; •’ Ifiilino 

8-8 

2r)0''-1.50® 

2540 



1 

2-61 

abt. IW 

7.5-35 

70-71 

•• „ 

872 

1S.5® 

251-7 



I* 

2-44 

abt. 1200 ® 

70-72 J 



K'70 

447® 

251-2 


S53'0) 

* Cadmium 

394 

abt. UK)0® 

113-7 

1121 

n 

8-72 

abt. 1000® 

251*7 


••Antimony 

9-78 

1610® 

130-1 

120 

" „ 

8-84 

2.50® 

2552 



• rhospliorus 

4-36 

500® 

12.5-6 V 

I23'S4 

*'* M 

8-55 

665® 

! 246-8 



• 

4-60 

abt. 1000® 

129-9 » 

•* •* 

6-87 

nbt. 1100® 

1 169-4 

T 


10-2 

860® 

294-5 1 

299-6 

** IV 

4-76 

abt. 1.500® 

137-4 

[? 126-68] 


10-65 

G44®-668® 

307-4 1 

" Telloi-iiim 

908 

ubt. 1400® 

j 262-1 

255 

- . 

6-53 

1430* 

188-5 

£?M9'8] 




1 

1 



» Rofimnalt, C. R. 20,975. ‘"Scott, Pi\ M, 410. 

• Rcfiimiilt,/.<*. • V. Meyer, />. 12, 1120. 

• ReirniuUt,/.r. * Sorct,t’./i.Ol,yil; G4,90i. 

•» DevlUo a. Trooat, C. R. 5C, 891. 

• V. Meyer, fl. 12.1112. 

• MchSoUluK a. Moyer, B. 19, 3295. 

« Ludwig, //. 1. 232. *' V. Meyor, B. 13,400. 

"•Id. B. 16, 2773 (mean of 6 oxiiorlmeuts). 

•• DeriUe a. Troost, C. A*. 49, 239. 

‘••Bilta a. Mover, X. I\ (\ 4, 24‘J. 

•• •• D. 0 . T. a H. 66.891. Id. l.c. 

>• Mitschorlioh, .i. 12,159. 

‘••BIU* a. Moyer. Z. P. C. 4, 249. 

*’ MitMlierlioh, Ac. *• V. Moyer, B. 13. 406. 


*• Crafts, C. R. 90,183. * " « Deville a. Troo.st, Ac. 

” V. Meyer, B. 13.1107,1110 (meiin of 0 exucrlmcuts). 

** Dumas, A. Ch. [2] 33, 337. * Mitsohcrlicli, Ac. 

« Biucau, a R. 49, 799. 

” ,V. Meyer; a. Meier a. Crafts, B. 13,868 (moaa of 7 sx* 
porimenta). 

Dumao, Ac. " ” Devillo a. Trooa^ Ac. 

•' V. Meyer, B. 13, 396. •'•Troost, C. Jl. 96,30. 

•» V. Meyer, B. 13, 1116. •* Id. 13,1010. 

DeviUo a. Troost, Ac. 

Bilt* a. Meyer (/. C. 4, 249) have obtained values 
which point *0 amol. w. for pliosphorus between P^and P„ 
for bismuth botwoon Bi, and Bi, and for thallium as Tl, at 
very high temperatures. 


The following table presents a summary of the atomic weights of the elements and of the 
tvidenoe upon which each value is based:— 
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Notes to Table of Atomic Weights^ 

A, As the method based on isomorphism of 
eomponnds is chiefly used as a means of verify* 
isg values assigned to atomic weights by other 
methods, no numbers are given in column IV., 
but merely an indication of tlio various com¬ 
pounds which have been compared cryatallo- 
graphically, and on which arguments for or 
against a given value for the atomic weights in 
column V. have been, or may be, based. 

5. This column (VI.) is not to be regarded 
as containing anything like a complete summary 
of the processes employed for determining the 
combining weights of the elements; only the 
more important processes are indicated— 
references are given to the original papers. 

By combining weight is here meant the 
smallest mass of the element which combines 
with 8 parts by weight of oxygen, 1 part of 
hydrogen, or 3.'>-5 parts of chlorine. 

A complete account of all researches on this 
subject will be found in A llecnlculalion of the 
Atomic Weights, by F. W. Clarke [Part v. of the 
Constants of Nattire published by the Sniith- 
sotiian InstitntionJ, and also in Die Atomgcwichte 
der Elamejite, by L. Meyer and K. Seubert 
[Leipzig, 1883J. 

C. When the atomic weight given in column 
V. section (2) is a n)ultiple of the combining 
weight in column VII., no number being given 
in section (1) of column V., it is to bo inferred 
that, besides the argument drawn from the value 
of the specihe heat of the element in question, 
there are other chemical reasons for adopting 
the special multiide which ai>penrs in V. (2); 
these reasons may be bro.adIy described as based 
on analogies between salts of the given element 
and salts of other elements the atomic weights 
of which have been eslaljli.shed by the two 
leading physical methods. M. M. P. M. 

ATOMICITY. Term used to denote number 
of atoms in any specified gu.seous molecule, 
usually in the molecule of an element. 

ATOMIC VOLUMES v. Physical Methods; 
sect. VoLUMF.TRICAL. 

ATHACTYLIC ACID Potassium 

atractylate KjA'" occurs in the root of Atnict)jlis 
pimmijera, from which it may he extracted by 
boiling 70 p.c. alcohol (Lefranc, hi. f2j 11, 400; 
J. Ph. [4] 0, 81; 10, 32.'>; 17, 187, 203; C. It, 
07, 954; 76,438). Boiling potash hydrolyses it, 
forming valeric acid and so-called (3)-atruetylic 
acid, C 2 oH,g>l;. 0 ,«, which is further spilt up into 
HjSO<, valeric acid and atractylin. 

ATEACTYLIN 0^0,. From' {^)-atraetylic 
acid* by boiling with aqueous KOII. ^Vhitc 
gummy substance, widi sweet taste, v. sol. 
water and alcohol, insol. ether and aqueous 
NaCl. Fonns a violet-red solution m warm 
H 2 SO 4 . Boiling KOH forms atractyligenin 
and a saccharine substance. 

ATEANOEIC ACID C,eH,A. [190°-lor], 
Extracted by ether from certain lichens fLcmnoJYt 
atra, Stereocaulon vestwian iinn, Cladonia rangi’ 
fonnis). Trimetric crystals; a:6:c»l:’30H:-300; 
bI. sol. alcohol, cold ether, and benzene; 
m. sol. hot benzene; sol. alkalis forming 
a yellow solution. Heated with water in a 
sealed tube it splits up into atranorinic acid, 
and atraric acid, (Paterrb, 


G, 9. 279; 10, 157; 12, 256; Coppola, G. 
12,19). 

'ATEAEOEINIO ACID [101% 

Formed by heating atranorio acid fq'.v.) with 
water. Needles, m. sol. water, sol. alcohol and. 
ether. Its alkaline solutions are yellow. Its 
aqueous solutions give a green pp. witli AgNO., 
a brownish-green colour wiili Fc„CI„, and a 
blood-rod colourwith bleaching-powd'cr (Patcrn 6 , 
O. 12, 250). 

ATEAEIC ACID C„H,A- %^1% Pro- 
duced by he.'iling atranoric acid with water 
(Paternb, G. 12,257). Iridescent lainimo, si. sol. 
water, m. sol. alcohol andetlicr. Its alkaline solu¬ 
tions aro colourless. It gives a brownish pp« 
with AgNO., and no colour with FeXlg. 

ATEIPAiC ACID [98° when 

hydrated]. An acid obtained from the sugar 
cane (Savnry, 0. C. 1884, 9C8). 

Ethyl fif/icr (184°-^188°). 

ATEOOLYCEEIC ACID i,e. 

CII..(OII).CPh{OH).CO.,H. [140°]. a^-Di-oxy^ 
a-phenyl-projnonic acid. From a; 8 .di-brorao-a- 
phenyl-propionic acid and excess of alkali (Kast, 

A. 200, 30). Crystalline aggregates, sol. water 
and ether. SaUs.~CaA'..- BaA'.„ 

Nitrile CH.,OII.ClMi{OIi).CN' [57°]. From 
honzoyl-carhinol and HCN (Plochl a. BlUmlein, 

B. 10,1292). 

ATEOLACTIC ACID v, a-OxY-a-piiENYL-PBO- 

PIoNIC ACID. 

ATEOLACTYL-TROPElNE CJI^NOC^HA. 

Psmdo-atropine. [121°]. Crystalline solid. Very 
similar in physiological action to atropine. 
Formed by the action of dilute HCl on tropine 
atrolactato. 

Salts.—Mostly soluble.—BTTClAuClj: spa¬ 
ringly soluble tables.* The picrato also forma 
sparingly sohiblo tables (liudenburg a. Botli, 
B. 15,1027 ; .4. 217, 87). 

XH2 - CH 

ATRONENE i.e. CJI 4 < || . 

\CPliII.CH 

Phenyl-naphthaUne dihydride. (325° i.V.) 
ForuKHl, together with atronic acifi, by the dry 
disllllatiou of (a).or(i 8 )-iBO-atropie ncid(Filtig,A. 
200 , 51). Liquid. Chromic acid oxidises it to 
o-beuKoyl-benzoio acid. 

Atronene sulphonic acid C,uH,i,SO JI. [130°]. 
NecM.lles; v. sol. water.—■BaA' 2 .—CttA'g 2 aq. 
ATEONIC ACID ♦.«. 

(?) Diavjlnaphihalmt 

di-hydride carboxylic add {'{}. [164°]. Formed, 
together with atronene by the dry distillation 
of (a)- or (i 8 )-iso.atr jpic acid (Fittig, A, 200, 
40). Prisms; insol. water, sol. alcohol and 
glacial HOAc. Salt,;.—CaA'^Oaq.—BaA'...4aq. 

Iso-atronic acid CpHuOj. [157°]. Obtained 
!»y lieating (a)-, or ( 0 )-, iso-atropic acid with 
eonc. (Fittig, A. 200,80). Leaflets, insol. 
water, sol. alcohol, ether, and glacial HOAo. 

Salt 8 .— Ca A'...—BaA'.. Omp 
ATEONYLENE SULPHONIC ACID 
CmHji.SOjH. [c. 258°]. Formed by beating 
(a)-, or ($)-, iso-atropic acid or iso-atronio acid 
with 9 pts. cone. H 2 SO 4 at 90° (Fittig, A. 206, 
00). Prisms (from 50 p.c. acetic acid). Insol. 
water, v. sol. alcohol. The aqueous solutions of 
its salts when exposed to sunlight deposit small 
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ATRONTLENE SULPHONIO ACID. 


needlei of atronyl-snlphone C„H,,SOa. 
[:93°1. 

ATBOPIO ACIB C.IIA *.«• Cfl,:Crh.COjn. 
a - Phenyl - acrylic acid. M. w. 148. [107“]. 

eOSO) 75 y .j.j j 7gc_ 

Formation, — 1.1 iy boiling atropine with baryta 
(Richter, J. ;»•. 1 ], .8.); Kraut, A. 128,282 ; Fittig 
a. Wur.ster, A. 190,147). 2. By heating atropine 
with fuming HOI at 12()‘> (Bossen, A. 138, 230). 

3. By the action of IICl on etliyl-trouic acid, 
CHj.CPh(OKt).CO.^H, obtained from aoetophen- 
ono chloride by alcolioUc KCN and saponiOca* 
tion (Ladenburg a. llugheimer, B. 13, 2011).— 

4. By action of boiling NaOII upon a-chloro-B- 
phenyl-propionic acid which is formed by the 
aetion of IICI upon aeetoplienone cynnliydrin or 
by licating «-oxy-a-phenyI-propionic acid with 
saturated HClAq at 130' (Spiegel, B. 14, 237; 
1354). 

_ Needles (from water) or mono- 

clinic prisms (from alcohol); v. sol. OS... 

Bcaclione. — 1. Chromic acid mirtarc forms 
benzoic acid.—2. Potaeh-fu^ion forms phenyl- 
acetic acid.— 3. Sodiain-nmali/am reduces it to 
a.phcnyl-propioiiic aci.l. -4. Fuming lICl forms 
o-chloro-a-phenyi-propionio acid, which is con¬ 
verted by luptcous N.-i CO, at 120° into tropio 
acid, Cir,(01I).CI'lill.C0,.H.-5. ClOH forms 
cliloro-tropio acid CII,(OH).Cl’hCl.CO.;H 
(Badenbiirg a. Biiglieimer, B. 13, 376).—0. Cold 
cone. IlBrAij forms both a-, and j3-, bromo-o- 
phenyl-propioiiio acid; at 100'’ it forms only 
8-bromo-a-phenyl-propionic acid.—7. Bromim 
forma CIljBr.CPhBr.COjli. 

Halts.—Neutral atropates are not ppd. by 
manganous salts (differenco from cinuamates).— 
CaA'j ,5a<i (K.).—CaA'- 2aq (L.). 

(a).Iso-atropic acid C„H„0, (?). [237°]. 
Prcfmration. —(a)., and (3)-, isoatropic acids 
are both formed when alropic acid is healed 
alone or with water; they may be separated by 
crystallisation from 50 p.c. acetic acid. 

Prppcrfics.—Crystalline aggregates, si. sol. 
boiling water, sol. alcohol. Chromic acid gives 
anthraipiinono and o-benzoyl-benzoio acid. 
V. also Atkonfhk, Atronic acii>, and Atiionvushis 

SOLl'lIONIC Acin. 

S al t a.—CaA" 2aq.—BaA"2.'an. 

FAhyl cfAer EtA" (180°). 

(3)-Iso-atropio acid 0„H„O,. [200°]. Rect¬ 
angular tables (from water). More soluble in 
water, alcohol, and HOAo than tho (tt) acid. 
Gives the same rewtious as tho (o) acid. 

Salts.—CaA"Saq (Fittig, A. 206,34; B. 12, 
1739; conv|)aro R. Meyer, A. 219, 290). 
ATROPINE 0„H„NO, i.e. 
CH.OH.CPhH.CO.O.CII.,.CII.,.C,II.NMo. 
Dalurinc. [114°]. S. -33. 

Occurrence, —Together with hyoscyaniine in 
all parts of Atropa helladonna (Geiger a. Hesse. 
A. 5, 43; 0, 44; Mein, A. 6, 07), and in the 
seeds of Datura stramonium (Geyger, A, 7. 272 • 
Planta, A. 74,245). ' « - . 

Forination. —Crystalline tropine tropate has 
no action on the eyes, but when treated with 
dehydrating agents, such ns EnCl.., ACjO, or 
HCl, atropine is formed. It is best to evaporate 
frequently with very dilute HCl at 100° 
(Ladenburg, A. 217, 78; B. 12, 942; 13, 104, 


909; C. if. 90, 921). Tifopine contains hydroxyl 
which is etherified by tropio acid ; 

CH,(OH).CPhH.OO.O.CH..CH,0,U,NMe+H 

Preparation. —Dry belladonna leaves are di¬ 
gested for three days with cold water, the extract 
is evaporated, and after mixing with Na,CO, 
tho syrupy liquid is agitated with benzene. Tho 
benzene solution is decanted off and shaken 
with diluto sulphuric acid. The acid liquid is 
rendered alkaline with Na^CO, and the solution 
agitated with chloroform; the extract is filtered 
and, after addition of light petroleum, allowed to 
evaporate spontaneously, when the atropine 
separates out first, the mother liquors containing 
another alkaloid (Pesci, 0. 10, 426). 

I’ropcrftcs.—Needles (from diluto alcohol). 
HI. sol. water; v. sol. alcohol, and chloroform, 
in. sol. ether. Tho solutions are alkaline to 
test-paper, and taste bitter. Its salts enlarge 
tho pupil of tho eye. 05 to -2 g. is a fatal dose. 
Three drops of a 1 p.c. solution of (artificial) 
atropine enlarges the pupil to the maximum 
extent. Atropine overcomes tho stoppage of 
tho heart’s action produced by muscarine. 

Reactions. 1. When evaporated to dryness 
with fuming UNO, a residue is left which is 
turned violet by alcoholic KOII.—2. Chromic 
Mid mixture forms benzoic acid.—3. A solution 
in HCl gives with gold chloride an oily pp. that 
quickly changes to lustreless crystals which 
melt under water or, when dry, at 136°.— 
4. Tannin gives, in very dilute neutral solutions 
a white pp., sol. HCl.—5. Potassio •mercuric 
iodide gives a white cheesy pp.—0. I in KI 
gives a brown oil which solidifies after some 
time.—7. Picric nchi! gives, in somewhat dilute 
acid solutions, a crystalline pp. - 8. Cone. H.KO 
gives, on warming, a pleasant odour.—9. Cya¬ 
nogen gas passed into an alcoholic solution 
gives, after some time, a red colour.—10. Chlo¬ 
ride of iodine toms a dark yellow pp., sol. on 
warming, and separating out on cooling in 
brown crystals (l)ittinar, B. 18, 1612).—11. Do- 
composed by hot haryta-milcr or cold cone. 
HCl into tropic acid and tropine (Kraut, A. 
128, 280; 1.13, 87 ; 148, 240; Bossen, A. 138, 
230).—12. Hot cone. HClAq at 120° gives 
tropine, tropicacid, atropic acid, iso-atropic acids, 
and (at 180°) tropidine.—13. With NaNO„ 
lIjSO,, and subsequently NaOH a violet colour 
IS developed.—14. rilacial HOAc and n,SO, 
produce on prolonged warming a greenish-yellow 

lluorescence (Fliickiger, Ph. [3] 10, 800)_ 

15. H.SO, and KCIO, give a greenish-blue colour 
(Vitali, Ph. [3] 12, 459). 

Snlts.-B'HAuCl, [135°-137°].- B'HJPtCB 
[208°].-B'nC12ngCl, (Gerrard, Fr. 24, 601)! 
BTIII^i brown prisms (Jiirgenson, H. 5, 673).— 

^® 1 needles, got by adding an 

ethereal solution to an alcoholic solution of 
H-SOj Valerate B'CsH,„Oi .(aq [42°] (Call- 
mann, 4;»•. 76, 69). i J t 

Additional Hc/weners.- Oiinther, X 1869. 
781 ; Fr. 8, 476 ; Befort, Ph. [3] 2, 1029 ; 0. 0. 
1873, 797; Brunner, B. 6, 90; Newark, 0. 0. 
1872, 530 ; Gulielmo, Fr. 2, 404 ; Ludwig, An 
Ph. [2] 107,129 ; Schmidt, A. 208,196. 

Fthyl-atropineC„H„^tHO,. Formed by 
action of Ag,0 on its hydriodide, B'HI, obtained 
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hr heating atropine with EtI at 100° (Lossen, 
J. 138,389). A sjrap, sol. water. 

Apoatropine 0„Ii„N0j. [60°-62°]. Formed 
bj treating atropine with HNO, (Pesei, ff. 11, 
638 ; 12, 60). Prisms ; si. sol. water, v. e. sol. 
alcohol. Decomposed by baryta-water at 100° 
into tropine and utropic acid. Does not enlarge 
the pupil. Salts.— B'HAiiCl, [180°] amor- 
phons.~B'ILSO, 5aq. 

Pseudo-atropine o. ATBOucTtL-Tnoi’EiNE. 
Hydro-apo-a tropine 

CH,.CHPh.CO.O.CR,.CH,..C!jH,NMo. Prepared 
by the action of nascent hydrogen on apo- 
atropine (Pesci, Alia d. Acad, dci Lined, 5, 32U). 
Oil. Decomposed by baryta-water nt 100° into 
o-phenyl-propionic acid and tropine. Forms 
a crystalline compound with HgCL. Neutral 
KMn04 oxidises it to * horao-apo-atropino ’ 
an alkaline oil which forms tho 
following salts: B'.CO.,, B'JUHClg, imAuCl^, 
a:aq, B^lLPdCIj; its hydrochloride 
gives while pps. with tannin, Mayer’s reagent, 
and HgCI.^; and it gives a blood-rcd colour 
with faming HNO.,; heated with baryta-water it 
gives o-pheiiyl-propionio acid and tropigenino 
(PcBoi, Q. 12, 2Ho, 329 ; Merling, B. 15, 2«9). 

Komo-atropino v. rnF.NYLOLYOoiA’ii-Tuoi'iij.vE. 

Meta-atropine v. Tkoi-ine. 

ATEOPYL-TROPElNE C„II,,,NO.,. AnJn/dro- 
atropine. Obtained by hcatijig tropino hydro¬ 
chloride with atropic acid and 1101 (Ladenlmi g, 
A. 217, 102; B. 13, 1085). Oil.—B'HAuCl^; 
small needles. 

ATBOXINBOLE v. o-AMino-a-pnF.syL-Puoi'i- 
ONIO ACID, p. 179. 

ABRANTIIN C.,JT-,„0,.,4ji((. [171°]. S. *33. 
[o]j*! — 64*57°. A glucosido in tlie fio^YOl•s of 
Citrus decumana (K. IIolTmann, 1). 9, 691). 
Yellow monoclinic prisma. Bitter taste, (lives 
a browniah-red colour with FcaClg. 

AtTEATES. Auric hydroxide Au^O^H, 
(»Au,0.,..Hi.()) reacts witli HN().,A(j to foi ni tlie 
compound Au(N0.,);,.IIN03.311Al; from tiiis seve- 
ral basic nitrates and one or two sii1j)liatos of gold 
may bo produced (Scholtlander, .1. 217, 312). 
But Aa^Os-HjO aI.so dissolves in KOHAq, and on 
evaporation at a gentle heat and tlnally in vavuo, 
crystals are obtained, wliich when dissolved iit 
water,recrystallised, drained, and dried in vacuo, 
are said to have the composition Au.03.K.^().3lIX) 
(«Au^ 04K^.3H^0). Aurate of potassium is v«Ty 
soluble in water, forming an alkaline liquid 
which is easily decompo.sed by organic com¬ 
pounds and by heat; tho solution gives p|)s. 
with solutions of variou-s metallic salts, c.j/. CuCI.^; 
these pps. are said to bo aurates, but very little 
is known about their composition. An aurato of 
ammonium of indoiinite conqmsition, known as 
fulminating gold, formed by pptg. a solutioh 
of a gold salt by excess of NH3Aq, and iioiling 
in NHjAq ; or by digesting Au.^OhH..O in 
(NH4).,SO,Aq (Frcniy, A. Ch. [3], 31, 480; 
Figtiier, id. [3] 11, 341). M. M. F. M. 

ABEIC ACID. The hydrated oxide«of gold 
Au-P^Hp is sometimes called auric acid because 
of its salt-forming reactions with alkalis {i;.s«p?-«). 
This compound is best prepared by adding 
NaOHAq to very dilute AuChAq, in the ratio 
9NaOH:Au01„ (the AuCl^Aq should be prepared 
in about the ratio AuCl,:800H20); warming till 
liquid is dark brown; adding NajSO^Aq; 


allowing pp. to settle; washing repeatedly by 
decantation, and then on a filter, until ihe 
washings are free from HjSO* and HCI; boiling 
pp. with cone. HNOaAq ; and again washing free 
from acid (Thotusen, Th. 3, 391). According to 
Krii.ss (B. 19, 254(5), A1LO4.II.P is better prepared 
from Air.ChAq by ppg. with magnesia alba, 
boiling with dilute llNOjAq, washing with water, 
and drying ov<ir l\0.v An..O.,.11.0 is easily 

soluble in lIBrAci and IIC1A<|, with production 
of much heat, and formation of AuClJIAq and 
AuBr^HAq respectively (i*. G()Ln). M. M. F. M. 

AURINE V. ItoSOLIC ACID. 

AUSTRALENE v. Tuiipkntikh oil. 

AXIN V. Aoe, p. 87. 


J^AMMONIUM COMPOUNDS. Compounds 
obtained by oxidising mmio-alkyliitcd o-amido- 
azo compounds, or by licating azimido-com- 
pounds with alkyl iodides followed by moist 
Ag^O (^^incko a. Tiawson, B. 20, 1173). Thus 
0,(11,.N:N.C,,,H.i.NIl.C,JI, givo.s, on oxidation 
with cliroinie acid, CoJI,.N,() whicli might bo 
expected to have tho fortiuila: 

./N(Oil).CJI, 

'N-N.C„n, 

Naphthalene - di - phenyl - aaanimoniam hy¬ 
drate 


a JI,.N,.01I {.<■. c,.ir /1 \ 


.N(()I1).C.H, 


\n.n.cji.. 


(?)• 


Tho chromate is obtiiinc.d by tho oxidation 
of benzene -uzo • phenyl - (3) - naphlliylamino 
N.CJI, 


C...1I, 


/i 


1 (?) with K^Cr^-O, and acetic 

^N.NIICJfj 
acid. It is converted into the chloi ido by boil¬ 
ing with alcohol and IICI till all tho chromic 
acid is reduced. T)»o hydruto is olilainod 
from the chloride by Ag.O. Us solulioii has a 
grccJiisli fluorescence, is strongly alkaline, and 
tastes bitter; it d( composes on evaponUion. 

Salts.—Liko the base, they have n greenish 
lluojcscence in aqueous and alcoholic solution, 
and a hitter taste. — : glistening 

j prisms, V. sol. al(5oliol, less in water; it forms 
} si>arjrjgly soluble doublo clilorides with SnClj, 
ZiiCI.,, JlgOl,, <tc.~(C,,JI,„N,Cl),PtCl4 • si. sol. 
cry.slallino pp. — Ojl,«N;„iBSOj,: glistening 
I transparent needles or prisms, v. sol. liot alco 
liol, si. sol. cold water. — (UHi^NaNt.).,: long 
flat glistening needles, v. sol. liot a)(;oiiol, si. 
sol. water. — : long yellow 

needles, sol. acetic acid, v. si. sol. water.— 
*(0,JI„N,)C,H,(N0,),0: [243°]; small yellow 
needles, v. el. sol. water (Zincko a. Lawson, B. 
20,1172). 

AZARONE [59°]. (296°). S.O. » 

1*165; 1*0743. OMained by distilling the 

rliizomcs of Azarum cAtropa-uin willi steam 
(Boutleroff a. Ilizza, Bl [2] 43, 114). White 
crystalline body, si. sol. water, sol. alcohol, 
ether CClj, and acelic acid. Combines with Br, 
forming C,..H,„Br..03. 

AZAUROLIC ACIDS. 

Ethyl-azaurolic acid [142°]. From 

ethyl nitrolic acid (2 g.) by tho action of water 
and sodium amalgHin. Tlie yield (’25 g) is bad. 
Formed also by reducing di-nitro-clhan« 
(V. Meyer a. Constam, A. 214,330; B. 14,145.5). 

Proper ties.’^Or&nge-ted prisms [from aloo* 
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bol). M. Bol. hot aloobol, iL loL ether, ▼. si. sol. 
water, chloroform, benzene or light petroleum. 
Alkalis form a deep orange solution. At U2° it 
melts, with decomposition, leaving a liquid 
which, after solidifying, melts again at 133®. 

Reactions.'—1. Ammoniacal solution gives 
with AgNO, a brown pp., and with salts of Zn or 
Pb, yellow pps. A solution of the ammonium salt 
deposits, on evaporation, needles of the free acid. 
*2. Heat, (lilute acids, mseent hydrogen, and 
atnmonia all convert it into ethyl-leucazono: 
2C,1I,N,0 + H,0 =* CJI,N,0 + 0 + NH^O the oxy- 
gen converting another portion of ethyl-azaurolio 
acid into acetic acid, N, and NoO.—3. K^Cr^O, 
and H.,S()4 give acetic acid and CO.^. 

Constitution.-Us formation from ethyl- 

nitrollc acid indicates the group and 

the presence of Mc.C is shown by the production 
of acetic acid on oxidation. Kthyl-azaurolio 

acid would then be or, more 

probably, MeCn(NO).N:N.CH(NO)Me or pcrliaps 
McC(NO):N.NH.CMo:N( )11. 

Ethyl-Ieucazone CjlI-NaO. [168®]. Formed 
together with nitrogen, N^O, and hydroxylamino 
by heating othyl*azaurolic acid with dilute HCl 
(M. a. C.). Satiny needles, lleddcns litmus. 
Combines with acids, bases, and salts. V. sol. 
alcohol or water, insol. ether. Its aqueous solu¬ 
tion is turned red by FoXl, and oxidised to 
acetic acid by K^Crp, and IIXO^. 

Salts.—MIoSO^: [101-6®]; prisms, sol. 
(M'dinary (90 per cent.) alcohol.—Ba{C4U^NaO),{. 

-~ 04 H,N 30 AgN 03 . I 

Propyl-azaurolio acid CaH„N20. [127*6®]. 
From propyl-nitrolic acid by sodium-amalgam, 
AZELAIC ACIDS 
n-Aselaio acid 

C0.Jl.CI4CH,.CH,.CU,.CII,.ClL.Cir,.C0JI. 
[118®], Formed by ri'«lucing Imtyro-furomc 
acid with ill and P (Tonuics, B. 12, 1200). 
Blonder needles (from chloroform). 

Azelalo acid CsHisO,. Anchoic acid. Lqn 
argylic acid. Mol. w. 188. [100®]. (above 

800®). S. -108 at 12®; H. (ether) 1-88 at 11®. 

FormatUm.—l. By tho oxidising action of 
HNOj upon Chinese wax (Buckton, C. J. 10, 
160), cork, oleic acid (Jiaurent, A. Ch. [2j 0<*, 
164), cocoa-mit oil (Wirz, A. 101, 266), castor 
oil (Arppe, A. 120, 288; Oanttner a. llell, B, 
14, 600,1645), and enninoic acid (Krafft, B. 11, 
1415).—2. From oleic and KMn04Aq (SaytzclT, 
/.pr. [2] 33, 301). 

Prepara tion. Castor oil is oxidised by UNO, 
(S.G. 1*26). Ileptoio acid is distilled off with 
steam, and tho hot residual liquor poured off 
from a licavy nitrogenous oil. On cooling, 
sulKsric and azelaic acids crystallise. Pure 
Bul>cric acid is got by washing the mixed acids 
will) ctl)cr, which dissolves azolaic acid as well 
as oily impurities. The ether is evaporated, 
tho residue dissolved in boiling water and NaCl 
added. Oily matter Uien separates and azolaio 
Mid crystnlUsoB from the brine (Dale a. Schor- 
lemmer, C. J. 36, 6B4; c/. Oanttner a. Hell, B. 
14,1646). 

Properties.—Large thin plates, not volatile 
with steam. Sol. water, alcohol, and ether. 
Nitric acid oxidises it to Buccinio acid. It does 
Dot give a homologue of suberonewhen distilled 


with slaked lime, hence its constitution Is |»t)- 
bably not analogous to that of the homologous 
suberic acid. 

Salt 8.—KjA": small plates.—2aq: 
n€edle3.-KHA".—KH3A,".-Na.,A" aq; soluble 
plates.—NajHA"2.—(NH,)._jA": large plates,— 
(NH,)HA".-BaA"aq: S. *C5 at 16®; *628 at 
100®.—SrA"aq.-CaA": crystalline powder; 8. 
*185 at 17®; *193 at 100®.-ArgA" 3aq. - MnA"3aq: 
slender needles; S. *206 at 11®; *103 at 100®. 
— NiA"6aq. ~ CoA"Gaq. — ZnA": crystalline 
pp.; B. *026 at 12®.—PbA": white pp.; S. *006 
at 24®.~ Ag..A": white pp.; S. *0015 at 14®.— 
CuA".-Fft{(3ri)A"2aq. -CdA". 

Ethyl et7terEt.A".(260®). Decomposedoa 
boiling. 

AZIDINES. Compounds related to hydra¬ 
zines (q. V.) in the same way that amidines are 
related to amines. Thus tho hydrochloride of 
plionyl-liydrazine acting on a solution of benz- 
iinido-ether in absolute alcohol produces dark 
red needles of di - phenyl • boiiz - azidine, 
Ph.C(Nll.NPhH):N.NPlin'; while form-imido- 
ether gives, when similarly treated, di-phenyl- 
formazidino CH(NH.NPhH):N,NPhll [135®] 
(Pinner, B. 17, 182, 2002). 

AZIMIDO- COMPOUNDS. This term was 
originally applied by Gricss (P. 15,1878) to the 
compounds obtained by tho action of nitrous 
acid upon ortho-diamines, which are probably 


of tho form TX' 



and was extended by 


Zincke IB. 18, 3134) to compounds, probably of 
tlio form It"^ (^^NR^got by oxidising o-amido- 


azo-conjpounds (liydrazimido-compounds). The 
first formula may also ho wviltoii 


Ajir 

whicli stands to It'vjq (’] 1^*^ relation that 

diazobciizone anilide stands to a mixture of 
dia/.obcnzeiie chloride and aniline. 


Azimido-benzene C^H^Nj i.e. C,.H4< 


/ 


\' 


,N. 


.NH 


or [9!)'’]. From aqueous o- 

plienylcne-tliamine Rulpliate and KNOa{tiaden. 
burg, Jl. 9, *222). Needles (from benzene), 
Asimido-nitro-ben.ene CJt.NjO; i,e,. 

or CA(NO=)'(j|j 

Formed by passing nitrous acid into a solution 
of nitro-o-i)hcnylcne diamino (Hofmann, Pr. 10, 
44)6). Long white prisms, v. sol. alcohol and 
ether, si. sol. cold water. Nitrous acid does not 
affect il, hence it docs not contain NHj. 

S al 18.-C..H,, KN ,0,. - C..n,AgN40y Not 

affected by boiling HCl, or KOH. 
Azimido-tolueae G,H,N, i.e. 

N 

Cn..CJI,<[^|\NH or 

[83®]. (823®). From aqueous tolylene-o-diamiaa 
sulpliate and KNO, (L.). Prisms containing 
C;H„ (from toluene). V. sol. alcohol, m.' sol. 
ether and boiling water. Not affected byHClAq 



Azsinea. 


m 


tt 160*. B'HOl; dscompoged t^vater. 

Aettyi dtrivativt 0,B,AoN,. [130°]. 
Prom ao8tyI.o-tolylen6 diamine, HCi, and NaNO, 
(Boeseneck, B, W, 1758). Needles. 

(3)-ABimido-benjoic acid - C.HjNjOj i.e, 

xNH 


COjH.C,Hj<^^\nII or CO,H.C„n, 


N, 


i.e. |J>N.CO,F,t or C.n,< 


From the hydrochloride of di-amido-bcnjsoio 
acid, C0,H.C,H3(NH,)., [l:3:dl and KNO, (Gricss, 

B. 2, 436). Also by tho action of boiling potash 
upon C,H3(COjn)(NO,)(NH.CO.NlI.) [1:3:4] and 
upon C«H3 (CO.,H)(NO,)(NII.CO.NHj) [1:4:3] 
(Oricss, B. 1.5, 1880). This seems to indicate 
the symmetrical formula. Short needles, con¬ 
taining water of crystallisation; v. si. sol. water. 
Not attacked by warm fuming HNO.,. 

(y).AzimidO'benzoic acid. Prepared similarly 
from CO.,H.CJl3(NH.J, [1:2:3]. Long hair-liko 
needles (G.). 

Azimidobenzene-y-carboxylicetbor CJl^NjO.. 

>N.CO.Kt 

.H. - '<i. ' ■ 

[73®J. From the hydrochloride of o-arnido-pliciiyl 
carbamic ether and KNO^ (Itudolph, B. 12, 
1295). 

Fhenyl-azimido-naphthalene 

I Nn.C^H.. [108®]. Fine white needles. 

Soluble in hot acetic acid, sparingly in alcohol 
and benzeno. Formed by oxidation of benzene- 
azo*(j8)-naphthylamine with CrO^ in acetic acid 
solution. It is not attacked by strong 
acetic anhydride, or reducing agents (Zincke, D, 
18, 3136). 

o-Oxy-phenyl-azimido-naphthalene 

I V-C,H,(On) [1:2] [UO®]. Wliito 

silky needles. Easily soluble in alcoliol and 
benzene. Formed by oxidation of an alkaline 
solution of o-oxy-bcnzcne-azo>(/3}-naphthylamine 
with lead peroxide. It is not attacked by strong 
H-^SO,, acetic anhydride, acetyl chloride, or re¬ 
ducing agents (Z.). 

p-Ozy-pbenyl-azimido-naphthalene 

✓Nv (\) (4) 

C, *H.C I >N.CJIdOH). [199®]. Thick cry,4als 

\n/ 

or white needles. Soluble in hot alcohol and ' 
hot acetic acid, sparingly in benzene. Formed 
by oxidation of an alkaline solution of p-oxy- 
benzene-azo-(j8)-uaphthylamino with lead per¬ 
oxide. It is not attacked by reducing agents. 
Acetyl derivative’ 

0,„H.-(^J^\n.C,H,(0Ac) [165°]; thin sillfy 

plates (Z.). 

Tolyl • aiimido - toluene C,,H|,N, i.o. 

0,H,<' 1 \NC,H,. [125°]. V.D. - 7-23 ^for 8-32). 

Formation. —1. By oxidation of p-toluene- 
o-aao-p-toluidine [1:1] C,H,Me.Nj.C,H,Me(Nll.] 
[4:1:2].—3. By heating the imide of o-diazo- 
tolnene-azo-toluene or by boiling its acetic acid 
•olation, N. being eyolved.—3. Together with an 


amido-phesol or diamine b^ reduoing with SnOI, 
the azo compounds obtained by oombiniog 
o-diazo-tolnene-azo-toluene with phenols or 
amines (Zincke a. Lawson, B, 19, 1455 ; 20, 
1178]. 

Properties.—Tliin colourless plates, Sol. 
benzeno, hot alcohol, and hot flOAo. Not 
allackcd by hot Ao.O, cold H.SO,, or reduoing 
agents. 

AZINBS. Compounds of tho typo 

X'\ I >Y". Tlui.s, phenazino may bo repro- 
\n/ 

sonted by tho formula 

ClI N CII 
C/T\<' 




CU N CII 

or CJI,/‘| \c.II.. 

and tho nomcnclaturo of other azincs may bo 
gathered from twooxann)Irs (Iliiisberg, B. 20,21). 
/N\ 

Plien-naphthazincC,,!!,^ | >C,gn,. 

\n/ 

Tolu-naphthazino C.H^^ I >C,JI- 
\n/ 

Derivatives of quinoxaline 
CH N 

iiC|^-'''\^\|Cn 
CH N 

arc called quinoxalincs, e.g. to1u-<iuinoxa1ine 
.N—CU 

[ II ^ , and naphtho-quinoxalino. 


\N-CH 


..n/l 

\n 


N-CH 


-CII 


Formalion.~\, From o-diamines and o- 
qulnones or o-di-oxy- compounds.—2. By oxida* 
tion of a mixture of o-diamine and phenols {e.g, 
(/3)-iiaplithol).—3. By boiling certain azo-aye- 
Htiiffs, derived from secondary amines, with 
dilute acid.s; s.y.sulpho-bcnzeno-azo-phenyI-(A)* 
naphthyl-amine yields naphtho-pheuuzino and 
sulphanilic acid CJI^{S03U) N2.C„H„.NHC,H,« 

C..H.<|>C.H, + C.H,(SO.fl].NH, (Witt, B. 

20, 571].—4. By fusing o-quinones with ammo* 
nium acetate, or by heating them with alcoholio 
NH, (Japp, C./. 51,100], 

Properties.—Weak crystalline bases; their 
Baits being decomposed by water, lleduced by 

SnCl, to hydrides, whence FcjCl, 

regenerates the original azine. 

Azine.ammoninm bases. Compounds of tho 

form X'\ 1/^" . They have also been callej 
\nR(OH] 

Azonium bases (Witt, B. 20,118.3], a term pre¬ 
viously applied by Fischer to quaternary hydra, 
zine derivatives. 
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AzursTrocmo im 

(OOjH)AH,:N.N:OaH,(COaH)^ Crystalline 
•olia. VeiT soluble in water and alcohol. Not 
decom|MBou by acids or alkalis. The ethers of 
this acid are obtained by the spontaneous de- 1 
composition of the others of diazosuccinic acid j 
on keepin'j, half the nitrogen j 
being evolved. A“Baj: sparingly soluble ycl* 
lowish-wliile i^owdcr. 

Tctra’Methyl-ciher A'^Me^r 
silky white prisms; easily soluble in hot water 
and alcohol, sparingly in cold water, alcohol, 
and hot ether; not volatile with steam (Curtius 
a. Koch, B. 18.1209). 

AZO-ANILTNE v. Amido-benzone-azo-anilino 
under Azo- compound.s. 

AZO-BENZENE v. Benzene-azo-benzene 
under Azo- compoitnds. 

TRIAZO'B£NZEN£ and its derivatives v. 
Duzo-bknzknk imu)K and its derivatives. 

AZO-BENZOIC ACIB v. Carboxy-benzenc* 
azo-benzoio acid under Azo- compounds. 

AZO- COLOURING MATTERS, 

History. —The series of compounds comprised 
under this cJns.s contains one or more diatomic 
groups *N:N* linking together acid or basic aro¬ 
matic radicles. Of a very large number of azo- 
compounds known to science only a certain pro¬ 
portion are of technical value, and these are 
manufactured in large quantities owing to their 
importance as colouring matters. Tho first 
azo- compound introduced into commerce was 
tho oxalate of amidoazobcnzcnG {* aniline yel¬ 
low,’ V. henzenc-azo-aniline), C«Hj,.N 2 .C«H 4 .NlI.„ 
manufactured in I80;j by the firm of Simpson, 
Maulc & Nicholson, by tho action of nitrous gas 
on aniline dissolved in alcohol. Three years later 
Iriamidoazobenzene, NH..C,;H^.N..CuH,,(NH..).^ 
(u. Amido - benzene • azo - phonylcne - diamine 
under Azo- compounds), was manufactured at 
Manchester and introduced under the name of 
‘Manchesterbrown’(‘Bismarckbrown,’ ‘Bheny- ! 
leno brown,’ ‘ Vesuvine ’). This compound was ' 
prepared by the action of nitrous acid upon m- 
phenylone-diamine. In 187.'> (liamidoazohenzono, 
0,Hj.N^.C,iUdNU,^)._. (u. Btuizeiie-azo plienylene- 
diamine), was discovered indc])endently by Caro 
and Witt (B. 10, 21H, 950) and introduced into 
commorco by the latter under tho name of 
‘ chryso'idinc.* These basic colouriiig-mattcis 
were soon followed by acid azo- compounds of 
greater technical value (B. 10,1.978, 1509), and! 
numerous patents liavo .since that time been I 
taken out, the general mode of preparation being | 
similar in principle to that first employed in ' 
1870 by Kokul6 and‘ llidcgh (B. 9, 233). Tliosc 
are tho chief points in the industrial history of 
these compounds; the chemical history will be 
referred to under tho individual compounds. 
Azobenzene, C,H,.N;.C,H, (u. Benzono-nzo-ben- 
*ene), which may bo regarded as the prototype 
of the azo- compounds, has been known since 
1894 (Mitscherlich, A. 12,311), but the industrial 
development of these products is largely due to 
the researches of Gricss upon the diazo- com¬ 
pounds {A. 106, 129; 113, 201; 117, 1 ; 120. 

257; 137,99). The theoretical views 
which have led to the adoption of the formuho 
at present generally received have been deve¬ 
loped chiefly by Kekul6 (Z. 1866, 2, 309, C89). 

JVM'wmffou,—1. Compounds of the azoben- 


zene type are produced by the action of iaild 
reducing agents, such as alcoholic potaeh, aleo- 
bolio KOH and zinc dust, iron and acetic acid, 
or sodium stannito, upon the correspon^ng nitro- 
bodies: 2CJI,.NO,+4112 == 

2. By the oxidation of tho corresponding 

amido-derivatives by potassium permanganate, 
bleacliing powder, chromic acid, liydric peroxide, 
Ac., thus: 2C,IIj.NH.. + 0., = + 2H.,0 

(Glaser, Z. [2J 2, 308). This method is applicable 
to tho sulphonic acids and other derivatives of tho 
amido- compounds: 2CflH3(On3)IISO,.NH., + 0., = 
N:-{C„H2.CH3.1IS();,)2 + ‘ilLO [illustrating the 
production of azotolucnodisulplionio acid from 
toluidincsulphonic acid; Kornatzki, A. 221, 179 ], 

3. By the action of cthyldichloramine 
(Tacherniak, 7i. 0, 147) upon certain aromatic 
aniincs(c.j;.;)-toInidine): 2C,H..N H.. + CJL.NCL =. 
C.JI^j.NlloilCl + IICl -f- Cyllf.N.j.C;!!, (Pierson a. 
Hoiimann, B. 16, 1018). 

4. By tho action of nilroso- compounds upon 
aminos and phenols: C^jHs.NO + II..N.C„H5 
C,iH5.N2.CyH, + n^O (production of azobenzone 
from nitrosohenzonc and aniline; Baoyer, B. 7 , 
1698). Similarly HO.CJI,.NO + H.N.CA^ 
II().CJI,.No.CuHj + II^O (production of benzene* 
azophcnol from nitrosophenol and aniline; Ki- 
mich, B. 8, 1026), According to llonriquos, 
substituted amidoazo-compounds are produced 
by tho action of cthyl-3-naphtbylnitrosamine 
upon aniline, Ac.: N(C,„n,)E{.NO-hH„N.aa- 
N(CmHj)I3t.(N2.C„II.,) H- H.^0. The diazo- com¬ 
pound immediately becomes transformed into 
tho isomeric benzoneazo-ethyl-R-naphthyl-amine, 
C.,IT,.N2.C,„H...NIl.Kt (B. 17, 2068, v. also 0. N. 
Witt, B. 10, 1909). Amidoazobonzene reacts 
in a similar manner with tho same nitrosamine 
forming CJf,.N,..C,H,,.N.,.C,oH,i.NH.Et. 

5. From azoxy-compounds by intramolecular 
transj)osition, such as the formation of oxy- 
azobenzone (bcnzono-azo-phenol) by warming 
azoxyboiizeno with strong sulpliuric acid 

(Wallach a. Belli, 

b! 19, 525). 

0. By the action of phenylhydrazino upon the 
naphtluKiuinoncs: C, JI.,02 + lI,N.NIl.C«Hs» 

naphthoqui- 

nonehydnizide then undergoes intramolecular 
transposition with the formation of an azo- 
compound : HO.C,j,H,..N:N.CgHy The compound 
thus obtained from (f')-naphthoquinone is iden¬ 
tical with bonzeno-azo - (a) - naphthol, while 
(^)-naphthoquinone gives a compound which is 
isomeric and not i<lentical with lMJnzenc-azo-(3)- 
naphthol (Zinckc a. Bindewald, B. 17, 3026). 

Vrej)aration. —Tho method in general use for 
the preparation of azo- colours is that depending 
upon the readine.ss with which diazo- compounds 
met with amines and phenols. In practice it 
is not necessary to isolate the diazo- salt, but the 
amido- compound which is to bo converted into 
a diazo- salt is treated with the necessary quan¬ 
tity of sodium nitrite and acid to diszotiae the 
NHo group, and the solution of the diazo- salt is 
then mixed with the solution of the amine ill 
acid or the phenol dissolved in alkali. During 
the process of diazotising, the solution contain¬ 
ing tho amido-compound must be kept well 
cooled, as the diazo- salts are very unstable, 
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. HpeoUIlyln aqaeons solution* Most aromstio 
amMo* compounds lend themselves to this re* 
action, the azo- colours of commerce being pro¬ 
duced by the action of diazotlsed amines, 
amido-sulpbonic acids, or amido-carboxylio acids, 
upon amines, phenols, ainido-sulphonic and 
oxy-Bulphonic acids. A soloction of typical re¬ 
actions illustrating the foniintioii of those com¬ 
pounds by the present method may be hero 
. conveniently discussed: 

(а) When a suit of diazobenzeno acts upon 
^^nilino the first product of the reaction is 
j^l\vay 8 diazobenzenoanilide(diazoamidobenzono): 

C«Hi.N,.Cl + C«H,.NH,=C,H,.N,.N1I.C,H, + HCl. 
The latter compound was first produced by the 
action of nitrous gas upon aniline dissolved in 
cold alcohol (Griess, A. 121,2r>8). When allowed 
to stand in the prc.scucc of aniline and aniline 
hydrocliloride, or when acted upon by hydro¬ 
chloric acid or unstable metallic chlorides in 
the cold, Iho diazobonzencanilido is slowly 
. converted into the isomeric umidoazobenzono, 
C,Hi.Njj.ChIl,.NlL. Tliis last compound is manu¬ 
factured on a commercial scale for the lu'cpa- 
ration of otlicr azo- colour.s and the intlulines 
{q. V.). In the case of other amines in which 
the para- position willi respect to tlie NIL group 
is open (or the ortho- position in t)ic naphtha¬ 
lene scries), the transformalion of diazo- into 
amidoazo- compounds takes place with great 
readiness. Thus, by the action of nitrous acid 
upon 0 - and m- toluidino, wi-xylidino and the 
naphtliyhimines, amidoazo- compounds arc at 
* once formed. 

( б ) The salts of the aromatic diazo- com¬ 
pounds react with primary and secon<lary mon¬ 
amines, but not with tertiary monamincs of the 
fatty scries. The resulting products arc dlazo- 
compounds, such as CJI-.No.NH.CJIj. (diazo- 
benzeno-ethylamide) and CkH^.N-mN (CIDj 
( diazobenzcnedimethylamide). The diazo- com¬ 
pounds of tliis class do not furnish isomeric 
azo- compounds (Ihicycr and Jager, B. 8 , 148). 
True azo- conjpounds of a mixed aromatic and 
fatty type arc produced by tlie action of tliazo- 
compounds upon the sodium derivatives of 
nitro-hydrocarbons of the fatty scries, c.g. 

C,H,.N .NO, -f NaC JL.NO,« 
C,H,.N,,.C,H..N 02 + NaNOj 
(formation of benzeneazonitroedhane, V. Meyer 
and pupils, B. 8 , 751,107:1, 1078; 9, .-58 4; 12, 
2285). 

(c) Diazo-compounds always furnish true azo¬ 
compounds with secondary and tertiary aro¬ 
matic monamines, such as CJIyN._..C„II,.NMo._, 
(benzenc-azo-dimcthylaniline) by the action of 
diazobenzone upon dimethylanilinc (Griess, B. 
10,528),and CbH,.N,.C„ 11 ,.N1I.C,II, (benzciie-azo- 
diphenylamine) by tlio action of diazobenzone 
upon diphcnylamine (Wilt, B. 12, 259, and C. J? 
86,185). 

((f) The action of diazo- compounds upon 
aromatic diamines is typified by the action of 
diazobenzene-chloride upon wi-dinraidobonzone 
to produce chrysoidinc: CJIj.N,.Cl + CJ 1 |(NID 2 
s:C^H 5 .N 2 .C«H 3 (NII.j 2 .HCi. Nitrous acid gives 
with ortho-diauiines aclass of substances termed 
by Griess azimido- compounds: 

C^,(NHj) 2 + HNO, = C,H,<§>NH + ZOHj 
{Hofmann, A. 115, 249; Dadenburg, B. 11,219; 


Eudol|>h, B. 12, 1296; Griess, S, 15, 1878). 
Metadjamines give under the same oiroum- 
stances compounds of the type of triamidoazo* 
benzene (Bismarckbrown) 2 CuH,{NH 3 )j +HNO," 
(NH,)C,H,.N,.C,H 3 (NII,,).. + 2H,0(Caro a. Griess 
Z. 1867, 278). jly acting with an excess of 
HNOg upon p- and w- CgH^tNH^)^ in acid 
solution with suitable precaidi^uis both these 
diamines can bo diazotised and give azo- colours 
when combined with pbenoU (Griess, B. 17, 607 
and 19, 317). 

(e) Tlie formation of azo- colours from diazo- 
compoimds and phenols as illustrative of the 
general method of technical production is shown 
by the following typical examples: C,fI-,.N„NO, 
+ OJI,.ONa CJI,.N,.0,H,.()Ji i NaNG^ 
(benzcncazophenol from diazobonzetic nitrate 
and sodium phenato: Kekul 6 and llidegh, B. 
3, 233). By a similar reaction W’ould bo formed 
Bucli compounds as bonzencazorcsorcin, 
C„H,.N,.C,H 3 ( 011 ), (Typke, B. 10,1576), benzono- 
nzo-(o)-naphthol, C8ll3.Nn.C,oII„.OHa, <te. (ibul. 
1580). Azosulplionio acids are formrd by the 
action of diazosnlphonic acids upon jdu'noks, or 
by the action of diazo- salts upon pbcnolsulphonio 
acids, thus, for example, p-sulphobenzene. 
azo-/3-naphthol (Poirrier’s ‘Orange No. II.’), 
HS 03 .CuH,.N 2 .C,oII„.OiI /3 from diazo-benzene 
sulplionio acid and sodium ( 3 )'naphtho)ttto; 
bcnzeno-azo-(jS)-naphthol disuljdionio acid, 
C 6 ll 4 .N 2 . 0 , 6 H 4 (HS 0 :,)... 0 Il /3 from d lazo-bonzcnc 
and ( 8 )-naphtbol sodium disulphonatc (‘Orange 
G,’ Mcister, Lucius a. Briming), or p-sulpho* 
benzeijo • uzo - {$) • naphthol diBulplionic acid, 
HS 03 .C,K 4 .N 2 .C,„H,(ilS 03 ),.OTl 8 from diazotised 
sulphanilic acid and (/3)-napbtholdisu1plionic acid 
sodium salt (Mcldola, B. 13, 942). 

Clof^sification and Novicnchture.—Pi'AO' com¬ 
pounds may be described as primary, secondary, 
tertiary, Ac. according as tliey contain 1,2,3, 
Ac. Nj- groups. The modes of formation above 
described have been illustrated by reference to 
primary azo- compounds, all of wliicli (with the 
exception of the mixed aromatic and fatty com¬ 
pounds) may be regarded as derivatives of 
azobenzone, C,jIl 5 .N 2 .C,iII.,, benzeneazonaphtha- 
Icno, C,iUyN 2 . 0 ,oHr and azomipbtbalene, 
C,u 1 I,.N 3 .C,uI 1 „ or generally, in the case of 
phenolic ttzo- coJiipounds, ns B.N^.Pl, where It 
may slandfor 0,^11,.NOj, 

Ac., and PI for C«H,.On, C.oIl^.OH, 
0,aHj(II 803 ) 011 , Ac. It will be found convenient 
to write the formul® of azo- compounds so as to 
represent the order of introduction of the 
radicles. Thus, CJL.N 2 .CaH..Oil indicates the 
product from diazobenzone and phenol, and 
would bo described ns benzctie-azo-phenol; 
CJI,(HSO,)N 2 .C,oHa. 011 a is p ■ sulphobcnzeue- 
azo-(a)-naphthol, obtained by Die action ol 
diazotiscd-snlphanilic acid upon (a)-naphthol; 
while CJI,.N 2 .C,olli(lIS 03 )OIlo is tlie isomerio 
bcnzenc-azo - (a) - naphlholmonosulplionio acid 
obtained by tho action 0 ! diazobenzone upon 
(a)-naphthoImono 8 uIphonic acid. The same 
rules may be followed with the more complicated 
tj’pos of azo-compounds; thus, for instance 
CJIyN«.C 4 H 4 .N 2 .C 4 Hs(OH) 2 , benzciieazobenzene- 
azorcsorcin obtained by the action of diazotised 
amidoazobenzene upon resorcin; in like manner 
CaHj.N j.C,H,.N 2 .C 4 H,(OH) 2 maybo called benzene- 
azotolucnc-azoresorcin by the action of diazotised 
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banzene-azoatnidotoluene upon TelH>i:om; and I 
C,HvNj.C,H,(OH),.N,.OA. benzeneazodioxy- ^ 
benzeneazobenzenebythe successiveintroduotion 
of two diazobenzene-groups into resorcin. 
Secondary and tertiary azo- compounds of the 
types (It.Nj).?)", and (K.N.J,rr' have been 
termed by Walfach diaazo- and trisazo- com¬ 
pounds {B. 15, 22 and 2812; v. also Heumann, 
ibid. 813). 

Sccondanj and leiiiary azo-compounds.—'She 
typical secondary azo- compound of the typo 
(R.N.j 2 Pl”iBthe 80 -called‘phenolbidiazobcnzene,’ 
(C,iHj.N„),;:CBll3.0H, discovered by Griess {B. 10, 
628). Compounds of tins class are formed by 
tho successive introduction of two diazotised 
radicles into a phenol. Tho resorcin secondary 
azo- compounds have been esp(‘cial)y studied by 
Wallach {U. 15, 22; Wallach a. B. I'isclicr,ibid. 
2814), and tlio cresol compounds by NOlting a. 
Kohn {B. 17,351). Analogous aniido- compounds 
of tho type {K.N.J_.:C,iIl...(Nll 2 ).- have been ob¬ 
tained by tho introduction of diazotised radicles 
into chrysoi'dino (Griess, B. 16, 2028). Secon¬ 
dary azo- compounds of tho type Ii"(Na.ri )2 have 
been obtained by Wnllacli by aectylating one 
ainido- group in a diamine, diazotising the 
ttcetdiomido- compound, and combining witli a 
phenol BO as to produce a cojiipoiiml of the typo 

moved, thoNlL-group diazotised, and the diazo¬ 
compound agaiu combined witli a 

phenol {B, 15, 2825 and Wallach a. Schulze, 
ibid. 3020). Tho motadiamincs appear to lend 
themselves most readily to this method. Tlic 
most direct method of preparing secondary azo¬ 
compounds of this class is by diazotising both 
amido- groups in a p- or m-diaminc, and then 
acting with tho product upon a phenol or iiho- 
nolsulphonio acid (Griess, B. 17, 607 and 10, 
817). Another metlxod of obtaining secoiidary 
azo- compounds of these tyjies is by dinzotising 
a p-nilrumido- compound and combining with a 
phenol or sccoTidiiiv or tertinrv amine so ns to 
produce RtVir.Nj.Pl or NO,.U".N,.K".Nl{,. 
The nitro- group is ihen reduced, theamido-azo- 
compound diazotised and again combined witli 
a phenol, Ac., thus producing ll"(N2.1’l)2, 

&I 2 . (Jlcililolu, C. J. 43, 425; 45, 

106 and 47, 657). H the nliro-azo-componnu 
is combined witli a moiuiniine and the nitro- 
group reduced, a diamidoazo- coni])ound of tho 
typo NIL.U".N..U"-N |[2 is produced in which 
both amido- groups can be diazotised and com- 
bined with phenols so as to form tertiary 
azo- compounds, l‘l.N 2 .H".N 2 . 1 t".N.;.Pl {ibid.). 
Secondary azo- compounds of those types aro 
also formed by reducing p-nitracctanilide, 
diazotising and combining with a phenol or 
amino so as to inodncc azo- compounds of the 

type The acetyl group is then 

removed, tho amido-azo- compound diazotised 
and again combined with a phenol (Nietzki, B. 
17,343 and 1360). 

Secondary azo- compounds of the type 
II'.N 2 .U".N. 2 .P 1 are obtained by diazotising amido- 
azo* compounds and combining the diazo-azo- 
Bglt with phenols. The typical compound, 


OA.N^ 0 ^ 4 .NyC.H«.OH, was first prepared 
by Caro and Sonranbe (B. 10,2280) and several 
members of this group have since been intro¬ 
duced into commerce under the names of 
‘Biebrich scarlet,’ ‘ Crooeine scarlet,’ do. These 
scarlets are of considerable technical import- 
ance, especially the latter, whiclr are pre¬ 
pared by the action of diazotised amidoazo- 
bcnzenc-sulphonio acid and its homologues 
upon (^)-naphthol-(a)-sulphonic acid. By the 
action of diazotised amidoazobenzeno upon 
chrysoidine a tertiary azo- compound of tho typo 
is formed (Griess, B. 

16, 2036). Secondary azo- compounds of some 
importanco have recently been prepared by 
diazotising diamidodiphrnyl (benzidine) and 
its homologue.s and combining the totrazo- 
salt witli phenols, amines, and their sulphonio 
acids; of these colouring matters ‘ Cougo red,’ 

i C.n,.N,C„II,(IISO,)NIL. ^ mentioned 
! C.II,.N,,.C,.I[,(lISO,,)N][,,a’ ““4 mcmionea 

j as a typical example. Tertiary azo- compounds 
i derived from Iriphenyi-carblnol arc obtiiiiied by 
j diazotising the rosaiiilincs and combining with 
i phenols (Mcldola, 0. J. *47,668). 
j Consliiution of Azo- compounds. When a 
diazo- compound combines with an amine or 
: phenol to form an azo- compound the N.^-group 
i invariably lakc.s up tho jiara- position with 
respect to the NfL, NilK, or HO, if this 
I position is open. The proof of the constitution 
I of azo- compounds is furnished by tho products 
; which they yield on complete reduction. Thus, 
amidoazobenzene, gives ou 

reduction aniline and p-phcnylene-diamine; 
i chrysoidine gives aniline and (1, 2, 4)- triamido- 
j benzono (Witt, B. 10, 6.58). The constiUition 
I of some of the a/.o- compounds obtained by 
combining diazosulphonio acids with phenols 
! has been c.slablislicd by Griess {IS. 11, 2191). 
The constitution of tho azo-iiaplilhol colours 
has been determined cliiolly hy Liubermann and 
his pupils (is. 34, 1310 and 1795; Jacobson, 
i6;(/.i79l; also Witt,C. J. 35,179). 'Wlien diazo¬ 
compounds act upon substituted phenols, such 
as salicylic acid, the N..-group also takes up the 
para- position with respect to tho HO-group 
(P. l'\ i'rankland, C. J. 37, 746); thus (a), 
naphthaloncazosalicylic acid gives on reduction 
a-C,oTI,.NIi 2 and C,H,(H0)(NH2)C02lI [1:4:2] 
When tho para- position with respect to the 
Ivll. or llO-group is already occupied the N,- 
group enters the ortho- position (Nolting a. 
Wilt, B. 17, 77; Liebcrmann a. Kostanecki, 
ihid. 130, 876; Griess, ibid. 338; Kolting and 
Kohn, ibid. 351). This law holds good also 
when the para- position is occupied by an azo¬ 
group, as in the formation of (C 6 HvNj{) 2 :C 5 H,.OH 
from bcnzeneazophcnol by the introduction of 
another CgHj.Nj-group (Nolting a. Kohn, B. 
17, 308). In the case of the (3)-naphthalene 
derivativestheK-group also enters the ortho-(aJ. 
position with respect to the hydroxyl or ami- 
dogen group. Thus (0)-napbthol orange, 
HSOj.CgH 4 .N,.C,gHg.OH, gives on reduction 
snlphanilic acid and (a).amido-(fi)-naphthol,the 
latter yielding (/3)-napblhoquinone on oxidation 
(Liebcrmoim, B. 14,1310). Similarly the azo¬ 
derivatives of (i8)-naphfhylani!ne yield o-diamido* 
naphthalene (NB,:NHg««i:/Sj) on reduction 
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(LafTsoD, B. Id, 796 and 2422). The fact that 
Kucb epmpounds as boQzeneazo*(i8)‘naphthol are 
insoluble in cold aqueous alkalis has led Liober* 
maim to the suggestion that these compounds 
no longer contain HO, but possess the formula 

C.H,.N<™>C„n. (B. 10, 2858). A similar 

c^uclu8ion has been suggested by Meldola with 
respect to the (,3)-naphthylamine derivatives, for 

which he proposes the fornuda R.N<^^ 

thus indicating a relationsh'p to the azimido- 
coinpoumls above referred (C, J. -15, 117). 
This conclu.sion is supported l)y the investiga¬ 
tions of ^incko and his pupils {IS. 18, .irjo, 
:Ud2 and 3142). This autlior has sliowu that 
tljoso (/3)-nuphthalene, as well as otlxer ortho- 
amidoazo- compounds, can be oxidised to com¬ 
pounds of the azimido-type, U.N^ I \CjuH-, and 
\n/ 

he suggests for them tho alternative formula 
ilN\ 

I ✓C,uIL. According to a recent 
ii.Nri -N / 

paper by Nietzki a. Goll (7?. 19, 1281) it 
a])pears, however, tliatamidoazo.(/3)-napljtliateiio 
contains an NH.-group, or at any rate can be 
iliazotisrd under certain comlitions. Tliere can 
be no doubt that tlio question of tlio constitution 
of the azo- compounds is niue.Ii more Complicated 
than was at first supposed, since by tho action 
of diazo- comjxounds upon phenols two isomeric 
azo- compoun<ls may bo formed at the same time, 
tlie isomerism probably depending upon the 
position of tho ll-N^-groups with respect to the 
HO as well us upon the formation of boilics of 
tlxe oximido* typo. This ai)pears to be tlie ease 
especially with the azo- derivatives of resorcinol 
(U'allach, ff. 15, 22 and 2 Hll). 

Qejieml properties and lechnologt/.- The indi¬ 
vidual azo- colours will bo describcil under tlieir 
respective headings, so that it will bo only ne¬ 
cessary hero to give a brief account of tlio 
general characters of tlieso colouring matters. 
The parent azo- compounds, 0,jlJ.,.N.^.C^{l., 
CaH 4 .Na.€,ull„ 0,„fI,.N..C,„lI„ although pos¬ 
sessed of colour are not of any value as dye¬ 
stuffs : it is only when acid or basic radicles are 
present in one or both aromatic nuclei that true 
colouring matters are fonned. The colours pro¬ 
duced by tlieso compounds are of various shades 
of yellow, orange, brown, red, scarlet, indigo- 
blue and violet. No pure blue or green azo¬ 
compound is known. Of tlio basic primary azo- 
eompounds, amidoazo-benzonc, chrysoidine, and 
* plienyleue brown,’ show a gradation in shade 
from yellow through orange to brown. Tho two 
last compounds are now alone of technical 
value. Among tho acid azo- colours a regufar 
gradation of shade Is also observed v'illi tiic 
increase in molecular weight. This is well .seen 
in the colours produced by the action of diuzo- 
benzene and its homologues upon the naplitliol- 
sulphonic acids, the lowest members of -She scries 
being orange, and the highest members scarlet 
of an increasing shade of blueness. The acid 
primary azo- compounds are dyed from acid 
baths and have great affinity for silk and wool, 
but do not readily dye cotton without the use of 
mordants. Primary azo- colours as a rule dis- 
V«u I. 


•olve ia strong Bulphurio acid with a red or 
orange colour. Azo- colours can be produced 
directly in the fibre of cotton by impregnating the 
latter with a phenol and a diazo- compound, and 
then developing by means of an acid (T. Holli¬ 
day, S. C. L 4, 204). A similar process has 
been described by Grassier {S. C. I. 4, 202) who 
uses tlio nitrile in tlio form of an ammonium 
; salt or in combination witli ammonium salts, 
! so tiiat on licating Die iinpregmitiMl fabric the 
j nitrous acid is lihoralcd in the presonco of the 
amine and phenol, and tlio colour is developed 
j without the use of acid. Oxyazo-compounds, 

; which are not sulplionic acids, and whicli are in- 
: soluble, can be made soluble by warming them in 
I aqueous or alcoholic solutions of bisulpliites. A 
I solublft double compound is tiius formi'il which is 
I (locomposod on healing with tlie liberation of tlio 
j colouring matter so that tlie process is especially 
apidicable for calico printing (Meist<'r, Imoius 
a. Jlriiuing, B. 17, 452). The secondary azo- 
colours derived from diazotised umidoazobon- 
zone and its homologues in combimilion will) 
naplitliolsulplionic acids aro scarlets of greater 
timdorial power and purity than tlie primary 
' azo- scarlets, and possess a certain affinity for 
; cotton, especially tho ‘croccine scarlets ’ already 
j re/ei n‘d to. Tlie secondary azo- colours derived 
! from diazotised benzidine (‘Congo re4l’ scries) 
j and its liomologiies aro reds or yellows which 
also possess a certain atlinity for cotton, but 
} many of tln!se colours are too sensitive to acids 
I to 1 k! of much use tccdinically. The stability of 
i these colours is increastsi, however, hy using the 
. liiglier homologues of benzidine. Jt ia only 
: among secondary azo- ci>mpuiuids that truo 
: sluulcs of violet and indigo blue are found 
■ (Nietzki, B. 17, 814 ; Meldola, C. J. 47. 005). 
Some of these blue sluules aro now met with 
ill the market, a typical compouml of the class 
hiiing a salt of ditolyUetrazo-(/8)-naplilholdi8ul- 
I phonic acid, 

I C.K,.N.,.C,JL(JISO,)(OH)j8 ,, . „ 

CJI„..N,.C,„iI,(IlS0'j(0H)fl (Azo-blue ol F. 

: Jlayer A' Co.). Secondary azo- compounds dis- 
.solv<! as a rulo in .strong sulphuric acid with « 

I violet, blui>, or green colour. The h'rliary azo- 
compouiids have l*ut little tinctorial value. Por 
observations on the absorption spectra of azo- 
, colours see papor.s by II. W. Vogel (//. 11, (>28), 
i laiidaiier {2>. 14, 891), and Stebbins (/Im. 0, 117 
' and Mil). H. M. 

AZO-COMPOUNDS. (V. also Azo-ooLouiiiNa 
MATTJuis and lli-AZo- coMi‘oUNJ>s.) Tim nomen¬ 
clature of tlieso coinjiomi'hs is ba.sed on the 
following rules. Imagine displaced hy 11,^ and 
tho compound tobrojik up accordingly, one H 
: going to one half and one to the other. If botli 
‘ tlie resulting compounds are aromatic, name tlsc 
: compound richest in carbon accoriling to tho 
rules followed in this dictionary, and prefix azo¬ 
te the mime. Before azo- write the name of tlie 
hydrocarbon from which the other half of the 
molecule is derived. Tlien prefix all the sub¬ 
stituents of tho latter so that they may follow 
one another in this order: chloro-, hromo-, iodo-, 
cyano-, nitro-, oxy-, amido-, sulpho-, and car- 
boxy-. When both halves of the azo- compound 
contain the same number of atoms of carbon, 
tlien tlio half which contains GO H is put last. 
If neither coutain CO.^H, the one oontainieg 

Bli 



azo- 
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BOgS comes last; it neither oontais thi8» pre¬ 
ference is given to OH, NH^, NO^, Br, or 01, 
in succession. 

If one half of an azo- compound is derived 
from a fatt^ hydrocarbon the name of this half 
is written last. 

The compounds obtained by the action of 
diazo- compounds upon (^)-naphtiiylAmiue, (3)- 
naphthol, or more generally upon amido- or oxy* 
compounds in which the p-position is already 
occupied, arc described as if they were ordinary 
AZO- compounds. It is, however, not improbable 
that they may have a different constitution. 
Thus the compounds obtained from diazo- com¬ 
pounds anil (3) - naphlhylamino behave like 
diazoamides in their decomposition by acids 
into (/9)-naphthylamine, a p)iojiol, and nitro¬ 
gen; but act on reduction like amide-azo- 
derivativos giving (1:2)-naphthyJcno-diamine 
and the amine. Three views may be taken with 
regard to tlie constitution of these bodies: — 
(1) That they are true diazoamidcs; (2) that 
they arc o-amido-azo- derivatives; {-i) that they 
are hydrazimido- compounds, i.e. dihydridcs of 
azimido- coiupounds. 

The first hypothesis easily explains their de¬ 
composition by acids; and their reduction to 
naphthyhme-diamine might bo accounted for 
ty assuming an intermediate change into the 
smido-azo- compound. However, the fact that 
a different isomeric body is formed by diazo- 
tising (/3)-naphthylamine and combining it with 
the other amino docs not agree with tliis view', 
since compounds of the form X.N..NHY and 
Y.NyNHX arc always found to bo identical. The 
other reactions of these bodies are also incon¬ 
sistent with this hypothesis. The hypothesis 
that the compounds are o-amido-azo- derivatives 
does not readily account for their behaviour on 
oxidation, which tends to show that they do 
not contain an NH^ group. 

The third liyiiothcsis leads to the formula 

c„n/| or c,.n.<KH>'n- 

\n.nhu 


It is strongly supported by the fact that on 
oxidation these bodies give rise to white crystal¬ 
line azimido- compounds, which probably have 


the constitution 



Nil, analogous to 


Griess’s azimidobenzene CgH.c I >NH obtained 
\n/ 


Aoi^ might aIao be explain^ as a ohango iaverss 
to the above, resulting in the formation of tha 
diazo-amide, which would then be decomposed. 
The orflk>-amido-azo- derivatives of the benzene 
series would also seem to be similarly constituted, 
for on oxidation they also give colourless crystal¬ 
line azimido- compounds. 

Apparently opposed to the hydrazimido- 
hypothesis, is the behaviour of these bodies 
towards nitrous acid, which converts them into 
diazo- compounds. In many points, however, 
these diazo-compounds greatly differ from the 
ordinary diazo- compounds, and their constitu¬ 
tion may possibly bo expressed by the formula: 
yN.N.OH 

^ \ M t which would represent their form- 
\N.N.Il' 

ation from hydrazimido- compounds. By 
StiCl, or SO.J these diazo- compounds are not 
reduced to hydrazines but to non-basic stable 
bodies whicli probably have the constitution 
.N-NH 

Il'\ I 1 . The o-diazo-imides readily lose 

\N-N.Il' 

Nj, on heating and arc converted into azimido- 

compounds | identical with those 

obtained by oxidation of the o-amido-azo- com¬ 
pounds. On tlio hydrazimido- liypothesis the 
body derived from diazo-benzone and phenyl- 
(i8)-naphthylamine would be represented by the 

/N.CA 

formula CjoHaC | which agrees with ite 

reactions. Thus cone. IICl removes aniline, 

/N\ 

forming an azino C,oHa^ [ yCJI*, while oxi-. 

dising agents produce a powerful ammonium 
base C,„HaN,(C,H,).,OH (Meldola, C. J. 46,107; 
Nolting a. Wilt, j?.'l7, 77 ; Lawson, B. 18, 796, 
2122; Sachs, B. 18, 612.5; Zincke, B, 18, 3132, 
3142; Zincke a. Lawson, B. 19, 1452). 


Description or Azo- compounds. 
Acetophenone-azo-(3)-napbthol [4:1] 
CaH^{CO.CH,) N,-C,„H,(OII). Formod by di- 
azotising p-amido-acetophenonc and combining 
the diazo- compound with (j8)-miphthol in alka¬ 
line solution (Kliugel, B, 18, 2096). Blonder red 
needles. V. sol. alcohol, si. sol. ether, insol. 
water. Dyes silk a dull red. 

o-Amido-benzene-azo-aoeto-acetic acid 


by the action of n’trous acid on o-phenylenn- 
diamine. The corresponding compounds from 
(3)-naphthol and diazo-salts may also be ob¬ 
tained by the action of hydrazines upon (fi)- 
naphthoquinone, and hence may be roprosented 
in a similar manner by the formula) 

C-H<LnR ” 

The formation of hydrazimido- compounds 
from a diazo-salt and (fil-naphthylamino can bo 
explained by assuming the iiitormediute fomra- 
Cion of true diazo - amides C,„Fl 7 .NH.N:NK, 
which by taking up H^O (or HCl) would form 
. C„H,.NH.N(OHj.NHIlorC,on..NH.NH.N(OH)R, 
and by again eliminating H.D it might give the . 
wituvdrazimido- compound. Tlio decomposition by | 


C,H,(NH2) -•N,-CH(C0.CH3).C0„H. [167®]. 
Orange-red tables. Easily soluble in acetic acid, 
alcohol, ether and chloroform, sparingly in water. 
Formed by reduction of o-nitro-benzcne-azo-aceto- 
Acetic acid withFeB 04 and N H, (Bamberger, B. 17, 
2420). 

p-Amido-benzene-p-azo-aniline 
C,Il 4 (NHj)—N,-C,H 4 (NH,). p-Azo^niliru. Di- 
amidO’azO’benzcne. [235°], Long flat yellow 
needles. Easily soluble in alcohol, sparingly in 
benzend^and ligroine. 

Prcimration.—\, The mono-acetyl derivative 
of ^-phenylene-diamino is diazotised and com¬ 
bined with aniline, the anilide thus obtained it 
dissolved in aniline and warmed with aniline 
. hydrochloride by which it is converted into the 
' mono-acetyl derivative of omido-benzene-aio 



A350- COMPOUNDS. 


m 


Aniline, which ii finally saponified.—S. From 
its ^-aoetyl derivative which is formed by the 
action of zinc and ammonia on acetyhj^-nitro* 
aniline (Mister, Am. 5,232). 

The mono-acid salts are green, the di-acid 
red. : needles. 

Motio-acctyl derivative C,.HsN2(NIIJ(NIIAc). 
[212®], glistening golden yellow plates." Its salts 
are red (Niotzki. S. 17,345). 

Di-acetyl derivative [282®] (M.). 

AmidO'benzene-azo-aDiline 
[4:1] C,H,(NH,)-N 2 -C,H,NHj [1:4]. [142®]. 
Obtained by reducing nitro-bcnzcnc-azo-nitro- 
benzene [206®] with alcoholic ammonium buI- 
phide (Janovsky, JIf. 6 , 460). Minute plates 
(from alcohol). «alt.—irilXl,. This body is 
probably identical with the preceding, the melting, 
point having perhaps been misprinted. 

m.Ajuido«b«nzene* 7 n.azo.aniline 
C8:1]C„H,(NH,)-Nj-C„H.(NH,)[1:3]. From the 
nitro-cornpound by ammonium sulphide 
(Janovsky, M. 6 , 458). Minute flat yellow 
needles with green lustre (from alcohol). 

Amido-benzene-azO'beDzene'p-salphoRio acid 
[4:1] C,.H,(HS(>,) -N:N—C,H,.NH^ fl:lj S. *0344 j 
at 22®. Yellowish-white micro8COj>ic needles I 
or scales (containing a(j). Nearly insoluble in I 
water, alcohol, ether, and chloroform. Formed 


warming the alooholio solution of tho nitro* 
oompound N 0 ^ 0 ^ 4 .Nj,.C,^ 4 .Ts’Me, withammonia 
sulphide (Meldola, C. 45,107). 

Properties.—Brick-red needles (from dilute 
alcohol). Insol. boiling water, but forms yellow 
solutions in moat solvents. Keducod by zinc 
dust and HCl it gives dimcthyl-j>-])bcnylene*die- 
• mine and p-phenylenc-diainine. On n'bling acetic 
' acid to an alcoholio solution, tho liejnid turns 
green, on dilution with water it becomes red. 
In cone. M.SO^ the solution is orange. A very 
dilute solution mixed with nitrous acid and 
exposed to the air tiuns blue (test for nitrous 
acid).-B"(nCl),l>tCl,. 

Methylo-iodide .—Insoluble brown scales. 
Acetyl derivative.—OxMXQQ needles (from 
alcohol). [217®]. 

p-Amido-benzene-azo-(3).saphthol 
[4:1] NH,.C„n,.N:N.C„H,.OH [a:j 8 j. Formed by 
reducing tlie corresponding nilro-compoiind wito 
ammonium sulphide and ammonia. Forms a 
crimson solution in II.SO^ (Meldola, C, J. 47, 668 )* 
p.Ainido-benzene-*azo-(a).naphtbol 
[4:1] Nn,.C,H,.N,.C,„H,.OH Formed by 

reducing para-nitro*benzene*azo?(a)-nnplithol in 
hot dilute NaHO with ammonium sulphide; ppd. 
by HCl (Meldola, C. J. 47, CG2). Dark brown 
powder; si. sol. hot water, v. sol. liot alcohol. 


by the action of diazo-benzene-p-sulphonic acid | Forms a red solution in cone. Hj,SO*. 


on aniline (to extent of about 30 p.c.). l*ic. 
pared from bonzone-azo-anilino and fuming 
HjSO, at about 70®. On reduction with tin and I 
HCl it gives 2 ) p!jenylene-diamino and sulidia- i 
nilic acid. 

Salts.—A'NII,* : orange • yellow plates.— 

A'.Jla 6 aq: sparingly soluble triinclric orange 
needles—A'Xa 'iaq ((.iriess, B. 15, 2184). 1 

a'bordeau.-rod dye stuff. 

1 1 1 ^‘i“4*^U.,,[1.4]. 8. 01J6 jjy uiuzotising the latter and combining it with 

at 22®. Dearly plates fcontaininK an . Formed . _:_;j . i.i... ^.i_ 


p-Amido-benzene-azo-(/3) • napbthol di-tnl. 
phonic acid. Acetyl derivative 
C..H,{NHAc) -N,-C,„H.( 0 H)(S 03 H).,. Golden 
‘ glistening plates. Scarlet red dye-stuff. Formed 
by diazotising tho mono-acetyl derivative of p- 
phcnylcnc-diumine and combining it with ( 3 ). 
napbthol (R)-di- 8 ulphonic acid (modification in¬ 
soluble in alcohol). By saponification of the 


h. y'fr , («)-uaphtho! di-Bulphonic acid a blue colouring 

by reduction of the sparingly so uble iiitro- ' ,.,„tter is produced (Nietzki, B. 17, 344). 
benzene-azo bonzene-p-suhihomo acid With am- ^ ^ . 

monium sulphide. On complete reduction with ri niw r TT N r 

tin and HCl it gives p-sulplianilio acid and - 

phenylene-diaraine, and hence ought, according 

to theory, to bo identical with the piccediiig t Zii ! ’ ’ 


compound; this, however, does not appear to bo 
the case. 

Salts.—KA'aq: yellow trimetric plates.-— 
*NaA': needles.—BaA'Caq: large glistening 
monoolinio needles. -CaA'4aq: yellow pearly 
plates.—PbA'j: monoclinic plates (Janovsky, 
B. 16.1488; M. 4, 272, 662). 

Bi-amido-benzene - azo - benzene-;>-sulphonie 
acid Ng—C hH^.SOsH. Chryso'idine 

sulphonic acid. Brownish-red glistening needles. 
SI. sol. water. 

Formation.—1. By combination of p-diazo- 
benzeno-sulphonio acid with m-phenylcno di¬ 
amine.—2. By sulphonation of chrysoidine. On 
reduction it gives sulphanilic acid and ( 1 : 2 : 4 )- 
tri-amido-benzone (Griess, B.15, 2126). 

m-Amido-benzene-p-azo-di-methyl-aniline 
[8:1] CgH,(Nn,)-Nj—CgH.NMe, [1:4]. [166®]. 
Golden lamina*, sol. alcohol. Formed by the 
aotion of warm dilute H 2 SO 4 on its acetyl deri- 
▼ative [184®] which is obtained by mixing diazo- 
tiaed acetyl-r/:-tolylene-diamine with dimethyl- 
aniline (Wallach, A. 234, 263). 

p-Ainido-benzene-azo-dimetbylaniUac 
[4:1] NHj.C^ 4 .N 2 ,C,H 4 .NMe, [1;4]. [108®]. By 


Ochreous needles, licadily soluble in alcohol, 
acetone, benzene and cliloroform. Its salts 
form crimson aqueous solutions ; excess of acid 
throws down tho neutral salts.—lj"(HCI) 2 PtCl 4 . 

p-Amido-beazene-azo-o-ozy-benzoic acid 
[4:1] NH.,.C„I1,-N2-C«H3(0H)(C0,H) [1:4:2]. 
From the sodium salt of p-nitro-bonzene-azo- 
.salicylic acid by reduction with ammonium 
sulphide. Colourless necd'os. SI. sol. boiling 
water. Its alkaline solutions are yellow. Glacial 
IJOAc forms a crimson solution. Blackens at 
2l9°-220® C. (Meldola, C. J. 47 067). 

m-Amido-bcnzene-azo-phenol 
[3:1] C,H.(NH2)-N2-C,U,.0H [1:4]. 

[ICB®]. Brownish yellow scales. Obtained by 
saponification of the acetyl derivative. 

Acetyl derivative 

C„H 4 (NHAc).Nj.C«H 40 H [c. 208®]. Prepared by 
diazotising the mono-acctyl derivative of m- 
piienylene-diamineand combining it with phenoL 
(Wullach, B. 15, 8020). 

p-Amido-benzene-azo-pbenoI 
[4:1] NH,.C,H,.N:N.C,H,.0H [1:4]. [181®]. Ob. 
tained by heating />-uitro-benzene-aao-phenol 
with ammonium sulphide. Brown scales (from 

882 
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water); ▼. Bol. alcohol.—B'aHaPtCl, {Meldola» 
C. /. 47,668). 

jP'Amido-benzene-azO'diphenjlamine 
(4:1) NH,.C,^,.N,.C,H,NHC«H, [1:4] [o. 91®]. 
Oot by reducing the nitro- compound by ammonio 
Bulphide (Mcldoi^ G.J. 43, 440). 

PropeTties.—al boI. in boiling water, v. sol. 
alcohol, acetone, chloroform and benzene, 
forming yellow solutions. HCl added to the 
alcoholic solution turns it first green, then rod. 
Solution in cone. is violet, turned red by 
diluting. 

Saits.--Form crimson aqueous solutions. 
Bye wool orange. 

m-Ainido>benzene*azo*w*phenylene>diaaiiae 
[8:1] CJl,(NH.,)—N., [1:2:4]. Bis¬ 

marck brown. [1H7°]. Ppd. by adding NaNO;^ 
to a neutral solution of m-phenylenC'diamine 
hydroclilorido (Caro a. Oriess, iS. 1867, 278). 
Brown plates. SI. sol. in hot water; v. e. sol. 
alcohol and ether. Bye.s wool brown. Absorp* 
tiOD spectrum (Hartley, C.J. 61,180). 

Salts .-B"211C1. -B''H,PtCl«. 

n-Amido-benzece-azo-phonylene-diamise 
*[4:1] C,H,(NIL)-N,—C,H 3 (NH.,), [l:2or3:4]. 
From benzenc-azo-benzeno by nitration and re¬ 
duction (Janovsky, ilf. C, 466). 

p-Amido-benzenc-azo-resorcin 
14:1] NH,.C,H^.N:N.CJI3(0H)2.[1:2:4]. By dis¬ 
solving p-nitro-benzcnc-azo-resorcin in dilute 
NaHO and warming with ammonium snlpliide 
(Mcldola, 0. J. 47, 661). Its alkaline solutions 
are red; its acid solutions are pale orange.— 
silvery sralos.-B^H.,rtCl«. 

p.Amido-benzene-azo-7>i-zylidine 
[4:1] NlI,.C«H,.N,.C,U.,Mo,,NU, [1:3:5:2] [163°]. 
Formed by reducing NO.MCji^.N 3 .CJI.jMo„Nir, 
with aqueous ammonic sulphide (Meldola, C. J. 
43, 432). Golden scales (from water). V. sol. 
alcohol and benzene. 

Salts.—The acid snltR are very soluble in 
water. Excess of HCl Conns an amorphous 
brown pp. of B"2HCl.-(B"2HCl)PtCl,. 

Amido-thiopbene-azo-beuzene 
CeHyN.i. 04 SH.MNHM. I'omied by adding diiizo- 
benzeno chloride to a tolerably concentrated solu¬ 
tion of thiophenine hydrochloride.—B'HCl .(aq: 
yellow needles, soluble in water and alcohol 
(Stadler. B. IH, 2317). 

Amido - tbiopbene - azo • benzene -p • sulphonio 
acid [4:1] C„n.(SO,H).No.C,SH,..NH 2 . Formed by 
combination of diazo-benzonc-p-sulplionic acid 
with thiopheninc. Yellow noedlc.s, red when dry. 
SI. sol. water and alcohol. Byes silk yellow. 
(Stadler, B. 18, 2318,. 

Amido-thiophene»azo-naphthalene 
C,oH,.N„.C,SH.„NH 2 . Formed by adding (a)- 
diazo-naphthaleno chloride to a solution of 
thiopheninc liydrochloridc. The hydrochloride 
forms microscopic red needles, sparingly soluble 
in water and alcohol (Stadler, B. 18, 2318). 

tn-Amido-tolucne-azo-aceto-acetic acid 
[4:2:1] C„H3(CH3)(Nn.).K.Cn(C0.Cn3).C03H 
[162°]. lied glistening needles. Formed by re¬ 
duction of t«-nitro-toluone-azo-aceto-acctic acid 
With FeSO^ and Nil, (Bamberger, B. 17, 2421). 

Amido-tolnene-azo-amido-cresol 
[4:8:1] C«n3(CH3)(Nn.,).N3.C,H.;(CH,)(NH3)(OH). 
Oxyaao-toliiUline [212°]. Small dark - red 
needles. V. sol. alcohol and ether, si. sol. water. 
Foro>«d from amido-toluene-azoxy-toluidine 


CgH«Me(NHa).N 90 .CJ 93 Me(KH,) by iutramole* 
euiar change by heating it wiu at 110°, 
It is reduced by SnOl, to tolylene-diamine 
C 4 H 3 Mc(NH 2 )j [1:2:4] together with di-amido- 
cresol (Limpricht, B. 18, 1406).—B"H3S04^ 
B"2HCl.-B"H3PtCl,. 

Amido-toIu6ne-azo-(A)-napbtbol 

[6:3:1] C,U3(CH3)(NiIJ-K.,-0,AOH [1:2]. 

Acetyl derivative 

0,H3(CHa)(NIUc)-N2-C,oHeOH [276°]. Ineol. 
water, si. sol. alcohol, m. sol. a mixture of 
alcohol and chloroform. Bed colour. Formed 
by diazotising the mono-acetyl derivative of 
(l:2;4)-tolyleDe-diamino and combining it with 
(3)-naj)hthol(Wallach, B. 15, 2830). 

Amido-toluene-azo-nitro-ethane. 

Acetyl derivative CpIfuN^Oj 
[6:3:1] C,K3Jrc(NHAc).N,.CH(NO.,).CH3. [143°]. 
From C.,H 3 Me(NHAc).N 3 Br and NaCH(NO,)CH,- 
(Wallach, A. 235, 250). Bed needles (from alco¬ 
hol-ether) ; v. si. sol. water, insol. ligrom. 

Azaido-toluene-azO'O-toluidine 
[4:3:1] C„H3Me(NH5)—N3-C,H8Me(NH2) [1:4:3] 
[107°]. Formed by reducing nitro-o-toluidine 
C,iH;,Me(NO;.)(NH.) [1:4:2], or the corresponding 
azoxy- compound,by sodium amalgam in alcoholio 
solution (Limpricht, B. 18, 1406; Graeff, A, 
229, 350). Long red needles (from alcohol) or 
small yellow needles (from water). Sparingly 
soluble in water, easily in alcohol and ether. 

Salts.—B'TI^SO*: Slender reddish needles 
—B"2IICl.-(B"2HCl)PtCl,.—B"2HBr. 

Amido-toluene-azo-p-toluidine 
[6:3:1] 0*HsMe(NH,)—N 2 -C,H 3 Mc(NH 3 ) [1:6:3]. 
[159°]. Bed needles. SI. sol. cold, v. sol. hot, 
wator; v. sol. alcohol. Prepared together with 
the hydrazo- compound by the prolonged action 
of sodium amalgam on au alcoholic solution of 
nitro-p-toluidine (Buckney, JL IJ, 1453). 

Bi-amyl-amido-bcnzene-azo-di-amyl-anillne 
[4:1] (C,H„),N.CJl4-N,-C,H,.N(C,H.,)., [1:4]. 
Di-amyl-anilinc-azyline. [115°]. Bed pointed 
crystals. Sol. hot alcohol. Formed by passing 
NO through an alcoholio solutiun of di-amyl- 
aniline. Salts.—B"(C^H.^(N 02 ) 30 H).,: small 
yellow crystals. Periodide B",Ih : small black 
crystals with violet reflex (Lippmann a. Fleissuer, 

B. 15, 2142 and jy. 16, 1419). 

Benzene-azo-aceto-acetio acid 

CJTi—Ns-CTlAc.CO^H. [155°]. Yellow leaflets 
(from alcohol), I’fepared by the action of a 
solution of diazobenzene nitrate on an alkaline 
solution of acetacetic ether (V. Meyer, B. 10,2976): 

Salts.—A'K: yellow glistening leaflets.— 
BaA'^, PbA',, CuA'a, and AgA' are yellow pps. 

Ethyl ether [76°]. Light yellow crystals; 
very readily saponified (Ziiblin, B. 11,1417). 

Benzene-azo-acetono C„HyNa.CH 2 .CO.CJI| 
[L19°]. Glistening yellow prisms or needtes. 
Peculiar characteristic smell. Only slightly 
soluble in hot water, and in aqueous alkalis. 

Formation.—1. By heating benzene-azo- 
aceto-acotic ether with a dilute alcoholic solution 
of NaOH.—2. By heating benzeno-azo-acoto- 
acetic acid to 170°-180°, CO, being evolved 
(Bicbtcr a. Munzer, B. 17,1928). 

Benzene-azo-acetophenone 

C, HyNj.CIL.CO.C 4 ny [129°]. Slender golden 
needles. V. sol. hot alcohol and hot aoetio acid. 
Formed, together with benzene-azo-benzoyl- 
acetic ether, by adding a solution of diazo* 
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f b«aE6ne chloride to an Iced alkaline solotion of 
benzoyl-acetic ether (Bamberger a. Caiman, 
B, 16, 2568). 

Bencene-o-azo-aniline (?). 

C,H,NHj (?). [123°]. Formed by 

reducing benzonc-o-azo-nitro-benzone with am¬ 
monium sulphide (Janovsky, M. 8, 61; yellow 
crystals with blue redox (from dilute alcohol). 
The salts are less solublo in water than those of 
thep-compound. 

Benzene-azo-aniline C„Uj,Ns i.e. 

CjH,—N.^—[1:4J. AmidO’azO'bcnzenc. 
Mol. w. 107. [126°]. (above 360"). 

Formation.-1. By reducing bonzene-azo- 
nitro-benzeno [137°] with ammonium sulphide 
(G. Schmidt, Z. 5, 417; Janovsky a. Krb, B. 
18,113C).—2. Together with broino-anilino by 
the action of bromine vapour upon aniline 
(Kekul6, Z. [2] 1, 688).—3. By action of mineral 
acid (one molecule or less) upon diazo-benzono 
anilide (u. Di-azo- comtoundr) (Martins a. Gricss, 
Z. [2] 1,132; Friswcll a. Green, C. J, 49, 746). 

Brejxinifion. — 1. Diazo-ben/ene-anilide is 
dissolved in 2 or 3 times its weight of aniline, 
^Q-th its weight of aniline hydrochloride is added 
at tho ordinary teD)perature, and tlio mixture is 
kept for an hour at 30° to 40°; after standing 
for twenty-four hours at tho ordinary tempera¬ 
ture, sullicient llCl is added to combine with 
the free aniline and the amidoazo-benzeno 
base precipitates, or it can be obtained as 
hydrochloride by adding more HCl. Tho yield 
is nearly theoretical (Witt a. Thomas, C. J. 
43,113; Stacdcl a. Bauer, B. 19,1953).—2. A 
cone, solution (of rather less than 1 mol.) of 
NaNO^. is added to (1 mol. of) aniline hydro¬ 
chloride dissolved in (5 or 6 mols. of) aniline at 
80°-40°, kept at c. 40° for 1 or 2 hours, and 
then at the ordinary temperature for 12 hours; 
completed as above, tho yield is nearly theo¬ 
retical. 

iV(> 2 >cr//cs.—Yellow crystals; separates from 
benzene wiHi benzene of crystallisation (W.a.T.); 
orange prisms with blue reflex (from alcohol). 
V. si. sol. hot water, m. sol. ether and alcohol. 
Its salts are decomposed by water; they dye. 
wool yellow. Tin and HCl give aniline and p- 
phenylene-diamine. Combines with EtI fonn- 
ing the hydriodide of C,jII,(NlL).N 2 .C,jll,NHKt. 
Thediazo-compounds of benzcno-azo-aniliiKtand 
its sulphonic acids are used for tlie preparation 
of scarlets by combination with tho nuphthols 
and their suli>lioriic acids. 

Salts.- l?'Jt(’l; stool-blue needles or scales | 
(from boilhig JIClAq).-B'. 2 H..rtCl^.—B'HNOj. : 

—B'.,IESO,.—B',JIA<>r 

Acetyl derivative Ac). 

[142°]. Yellow silky crystals. On reduction 
with alcoholic amnio))ium sulpiiide it givers 
acetyl-amido-hydrazobenzono (Seliullz, ]i. 17, 
463; Berju, J5.17, 1100 ; 0. C. 1881, 871). 

Beaclions. —1. By boiling benzene-azo-ani- j 
line with 10 pts. of IIGl (S.G. 112) it is com- j 
pletely decomposed in a few hours with forma- ' 
tion of p-phenylcno-diamine, aniline, chlori- 
liated-hyaroquinones,NHj, and colouring matters 
(Wallach a. Kolliker, B. 17, 395).—2. An alco- 
bolio solution of bromine forms a dibromo- 
derivative [152°] which is reduced by tin and 
HCl to aniline and p-phcnylene-diamine (Berju, 
B. 17, 1400).—3. With phenyl thio-oarbimidc 


itfonna benzene-aao-di-phenyl-thio-urea 
together with some benzene-azo-di-phenyl-thio- 
urea-ozO'benzene (v. dis-Azo oompounds).—4, 
Carbonyl chloride forms benzene-azo-di-phenyb 
urea-azo-benzene (Ph—Na—C„H^.Nn) 2 C()(Berju, 
7.1.17,1404).—6. Bcnzene-azo-aniline hydrochlo¬ 
ride (2 mols.) heated with acetone (I mol.) at 
150°-160° underpressure forms abase 
[205°]. Yellow needles; v. sol. alcohol, etlicr, 
and acids. By tin and HCl it is reduced to a 
base of melting-point [185°]. Dilute solutiona 
of tho salts have a blue tiuoresocnen. Salts.— 
B'H.^SO,: slender soluble needles or small mono 
clinic prisms.—B'lI .Cr A* orange-yollowneedles. 
— B'H.,f^ld'tCl 4 • yellow needh's, si. sol. cold 
water (Kngler a. Schestopal, 7^. 20, 180). 

Beuzene-azo-benzeue i.v. 

—N.,—C,IIi. Asobenzene. Mol. w. 182. 
[68°J. (293°). V.D. 6-5 (calc. 6-3). B. (alcohol) 
H-5 at 16° (Moltohanotlsky, J. 72. 1882, 224). 

5. V. 220’4 (Bamsay). 

Formatio7i. —1. By treating nilro i)cnzcne 
with alcoholic potash (Mitscherlich, A. 12, .311; 
Schmidt a. Schultz,/!. 207, .328), sodium-amalgam 
in presence of alcohol and acetic acid (Worigo, 
A. 135,176; AlexejelT, Z. [2| .3,33), iron (3 pts.) 
and acetic acid (1 pt.) (Noble, A. 98, 253), or 
with zinc-dust (Ale.xcjeff, 772. [2] 34, <>84).— 
2. By oxidising aniline with aqueous KMn 04 
(Glaser, A. 142, 364), rod-hot PbO (Hchichuzky, 
J. n. 6, 245), H.A; (licods, C. N. 44, 210; B, 
11, 1382) or bleaching powder (Schmitt, J. pr. 
[2] 18, 195), -3. It is tho chief product of the 
action of sodium on p-bronio-anilinc (Anschutz 
a. Schultz, 77. 9, 1398; cf. Claus, If. 15, 316). 

Breparation.- -1. By heating nitro-benzone 
with a solution of sodium stannitc prepared by 
dissolving tho theoretical quantity of SnCI.^ in. 
a7U-xcessof aqueous NaOH (Witt, 77.18,2912).— 
2. 400 grins, of NaOH (98 p.c. powdered) are 
boiled with 2000 c.c. of ordinary ahiohol till 
most has dissolved; 500 g. of nitrobenzene are 
slowly added to the boiling solution, and the 
formation of azoxybcnzcno completed by 2 or 3 
hours’ cohobation. 200 grnis. of zinc-dust are 
then slowly added and the boiling continued for 
a day with oc(;asional shaking. Tlie alcohol is 
distilled otT on a salt bath, w'arm water added, 
the insoluble portion filh.-rnd off, washed, freed 
from Zn(OII)._. by JICl, and extracted witli alcu- 
liol; tho filtrate on cooling deposits the azo- 
lamzcne in splendid largo plates; good yiebl. 

Vroperiit's. - Trinietric p!al<!H (JeremejclY). 
Crystallises with C^H„ from lum/ene. Its absorp- 
tion-spoelruni has been Icscrtbcd by Hartley 
(C. J. 51, 176). 

Ueactions.—\. Pa .•;ed through a red-hot tube 
it yields benzene and <1 iidumyl (Eerko, 71.20,664)* 
2. Chromic add in •icclic acid at 200° forms 
benzcnc-azoxy-benzonc.—3. Nitric acid forms 
Pb.N,.C,H,(NO.,) [1:4], Ph.N.,.C,H.(N’0.,) [1:2], 
[4:1J C,H.(NO,).N.,.C,HdNO.J [1:4], 

[1:3J C,H4(NO,).N.,.C„1I,(NO,) [1:3J, and a nitro- 
benzene - azo • di - nitro - benzene. — 4. Alcobolio 
ammonium sulphide reduces it to hydrazo- 
benzene (Hofmann, Pr. 12, 570).—6. Hot cono. 
HCl, HBr, or Ill reduces it to benzidine, other 
products being formed at the same time.— 

6. Alcoholic SO;, produces benzidine.—7. With 
an ethereal soluCion of zinc ethijl it reacte form« 
ing ethane (1 vol.), ethylene (3 vols.), and a 
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prodaot ^hich, wlien treated with water, givea 
Miiline. 80 g. o! azo-benzene gives 70 g. of 
aniline. The reactions are probably 

(а) PhNjPh + aZnEt,. 2NPhH(ZnEt) + 2C,H^ 

(б) PhN,Ph + 4ZiiEt2- 

2iNPh{ZnEt)3 + 2C,H, + 2C^,. 
And then, on adding water: 

(a') NPJiII(ZnKt) +11,0 = NPhH.+EtH + ZnO 
(6') NPh(Zr.Et), i 211,0 ■= NPliII, + 2EtH + 2ZuO 
(Frankland a. Louis, C. J. 37, 660).--8. Alda- 
hyde at 200® forms a compound C,eH,,N,0, 
[164®j. In presence of chloride of zinc, alde¬ 
hyde condenses with it to bcnzylidenc-bonzidino 
Ph.CH:N.C,H,.CJI,.N:CII.Ph(?) [239®] (Barzi- 
lovsky, J. ll. 1886, 360).- 9. Bromine forms 
mono-bromo- derivatives, a di-bromo- derivative, 
[205®] (O. BhoMO- RKNZKNR-AZO-nitOMO-nKNZtlNK), 
and a tetra-bromo- derivative, C„ll„Br*N„ 
Co. 320®} (Werigo, A. 1C5, 200). 

Combinations. — [.38®]. — 

fOjjHj^N,), 31101; unstable yellow crystals.— 
(0„n,„N,),31IBr: unstable red crystals, got by 
passing ilBr into a solution of azobenzenc in 
CS,.- C,.,£l,„N,HBrjr crystals, formed by adding 
bromine to a solution of the preceding body in 
ohloroform.—C,,.II,oN,Bru: red prisms, got by 
adding excess of bromine to a solution of ben- 
zene-azo-benzeno in chloroform (Werigo, A. 
165, 20.3). 

Benzene-azo-benzene sulphonic acid 
OeH,--N,-CJI,SO,n[l:4]. [127°]. From ben- 
zene-azo-benzene and fuming H..S 04 (6 pfs.) at 
130® (Griess, A. 131, 89; 151, 208; Janovsky, 
if. 2, 221; .3, 237; B. 15, 2576). Orange-red 
plates (containing 3a((). SI. sol. alcohol and 
ether. Potash-fusion converts it into K,SO, 
and bcnzcne-azo-phenol. Ammonium sulphide 
followed by mineral acid converts it into di- 
amido-di-plicnyl sulphonic acid. Nitric acid 
forms mono-, di-, and tri- nitro- derivatives 
(Janovsky, M. 3, 608). 

Salts.- -KA'2a(|. BiiA'...—AgA'. 

Chloride C,,H,N,S0,C1. [82®j. Orange 

slumps (from other). 

Amide C„H„N,.SO,NH,. Powder (Skanda- 
roff, Z. [2] 6, 6-13). ‘ 

Benzene-azo-boDzene disulphonio acid 
C^Hj-N,- C«H,(SOJI), [1:2:1]. Formed, to- 
getlier with s-m-, and sulpho-bcnzeiie-azo- 
benzene sulphonic acids by heating benzene- 
izo-benzeno (1 pt.) with pyrosulphnric acid 
(4 pts.) at 150® (Janovsky, Jlf. 3, 237). Very 
aeliquoscent needles. Isomeridcs of this acid 
are described as sulpho-beuzene-azo-benzcne 
sulphonic acid. 

Benzene-azo-benzoio acid 
0,Hs.N,:.CJl4(C0,H) [l:4J. Azo • benzene - p ~ 
carboxylic acid. Obtained by saponification of 
its nitrile by boiling with KOH. Long glisten¬ 
ing brown prisms. Sol. alcohol, ether, and 
warm benzene. Salts.—A'K: very soluble 
brownish-yellow needles.—A',Ba: brownish-yel¬ 
low needles; sol. alcohol, sL sol. water (Mentha 
a. Heumaim, B. 19, 3023). 

Nitrile C,II,.N,.C,H,(CN) [1:4]. p-Cynw- 
azo-bemeuc. [101®]. Fonn^ by diazotising 
benzenc-azo-aniline and allowing the solution 
of diozo-benzene-azo-benzene chloride to drop 
into a hot solution of CuSO^ and KCN. Brown 
needles. V. sol. ether, benzene, and warm 
oloohoh insoL water. Sublimable (M. a. H.). 


Beni0&«^e-b«aioyb«e0ti4 uid 

C;ayN,.CH(C0.0mC0*H. [141«]. Longyel. 
low needles. V. sol. alcohol, ether, and aoetio 
acid. Its ethyl-ether is formed, together with 
benzene-azo-acctophenone, by adding a solution 
of diazobenzene chloride to an iced alkaline 
solution of benzoyl-acetic ether. By boiling 
with dilute NaOH it is converted into benzene- 
azo-acetophenono C,jHvN.^.CH 2 .CO.CaH 5 (Bam¬ 
berger a. Caiman, B. 18, 2563). 

Benzene-azo-benzylidene-anilise 
CuHr~-N2~-C^H,.N:CH.C«n4.Bcnz^/idt’nc-awi<io- 
azo-beuzenc. [125°]. Orange plates. Formed 
by the action of bonzaldchyde on benzene-azo- 
aniline. By HCl it is resolved into its con- 
stiluonts (Bcrjii, B. 17,1403). 

Benzene-azo-o-bromo-benzene 
C,;H 5 - N.^- C Jl 4 Br [1:2]. Bromo-azo - benzene* 

[87°]. Glistening plates (from alcohol). SI. sol. 
cold alcohol. By the action of bromine (1 mol.) 
upon a warm acetic acid solution of benzene- 
azo-benzene (1 mol.) a mixture of o, in, and p, 
moiio-bromo-bcDZCDC-azo-benzcno is obtained; 
they can be separated by their different solubili¬ 
ties in alcohol. By complete reduction they 
give aniline and o-, m-, or 7 )-bromanilme. 

Benzene-azo-m-bromo-benzene 
C,HyN.,.C,H 4 Br [1:3]. [56°]. Yellowish-grcen 

pearly plates. V. sol. alcohol, ether and ace¬ 
tone. On nitration it gives orange needles of 
C,.,H„Br(N 03 )Nj [123°] (Janovsky a. Erb, B. 
20* 359). 

Benzene-azo-p'bromo-beazt^ne 
C,Hs.N 3 .CJl 4 Br [1:4]. [82°]. Is the chief pro¬ 
duct of the bromination of benzenc-azo-l^nzene 
in acetic acid. Orange yellow 
limable. V. sol. alcohol, 

The corresponding hydrsa % W’^'^on ol 

white needles. Oi}, \ vtj 

needles of aniline 

di-nitro-derivati-^ [l*^] 

19, 2155; 20, ^cd pointed 

HENZRKK-AZO-miOM^ ^ P‘^S«hl( 

Benzene-azo-t:. ? ^ It *2-^ riion of di-amyl 
Ph~N.,-C,Br3(0K.^- F),OH),: smal 

azo-resorcin and (Typke.J,,: small blac. 

Benzene-azo-p-cttioro-benzeneiunn a.Fleissnei 
C..n,-N,-C«n,Cl [1:4]. Ch 

[89°J. Yellowish-brown platftid ^.uines in 
brown needles. Easily soluble iffether, benzene, 
and hot alcoliol, sparingly in cold alcohol. 

Preparation .—100 grms. of benzene-azo-ani¬ 
line liydrochloride oro suspended in 2 litres of 
water and 220 c.c. of cone. HGl, and diazotised 
by slow addition of a cone, solution of 20 grms. 
sodium nitrite. After sUnding for some time 
the diazo-azo-benzeno solution is filtered and 
slowly added to a boiling solution of 40 gnni. 

in 360 c.c. of cone. HCl, and boiled for 
some time; tho greyish-black pp. is treated 
with cond. HCl and then with dilute NaOH to 
remove impurities, and extracted with hot al¬ 
cohol; tho alcoholic solution alter treatment 
with animal charcoal deposits tho benzene-azo- 
ohloro-benzeno on cooling in glistening brown 
plates; the yield is 38 p.o. of the theoretical 
(Ileumann a. Mentha, B. 19,1686). 

i^caeftons.—When its alcoholic solution is 
allowed to stand in the cold with SnCl, and 
I 2 drojiA of H-^SOi it is converted into a ohloro* 

I di-amido-dlphenyl NHj|. 0 ^ 4 .C,H«Cl.NHj|. 7b0 
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lattor bod; U not fonned, however,' heating 
the hjdrozo- compound, preyiousl; prepared, 
with HGl, but benzene*azo<cbloro-benzene, 
chioro-aniline, and aniline are formed instead. 
On nitration with fuming HNO, benzene-azo- 
ohloro-benzene gives p-chloro-beuzene-azo-p- 
nitrO'benzene CuH,Cl.N^.C.iII,(NOJ. 13; treat¬ 
ment with fuming sulphuric acid it is converted 
into p-chloro-bcnzenc-a/.o-benzcno p-sulphoiiic 
acid C,H,Cl.N...C,ll 4 {SO,H) (MenUia a. Heu- 
mann, B. 10, 2070). 

Benzene-azo-o-cresol 

C,H,-N,-C,JI,(Cll,)(OH) [1:3:4], [lOO'’]. 

Glistening yellow plates. V. sol. alcohol, ether, 
chloroform, and benzene; si. sol. hot, insol. cold, 
water. Dissolves in dilute alkalis with a 
yellowish rod colour. Obtained by the action of 
diazobenzonc citloride on an alkaline solution of 
o-cresol. It readily gives a dis-azo-compound 
when treated in alkaline solution with a further 
quantity of diazobenzonc chloride. 

Acetyl derivative'. [82°]; yellow tables, 
V. sol. alcohol, ether, and benzene. 

Benzoyl derivative: [ 111 °]; small yellow 
needles, v. sol. ether, acetone, and hot alcohol 
(Lieberraann a. Kostanecki, B. 17,130 ; Ndlting 
a. Kohn, Ji. 17, 303). 

Benzene-azo-m-cresol 


C,Hj-N,-C,H,(Cig{OH) [1:2:4]. [109®]. 

Yellow needles. V. sol. alcohol, ether, chloro* 
form and benzene. With alkalis it forms 
yellowish-red salts. Obtained by the action cf 
diazobenzene chloride on an alkaline solution 
of m-crc 8 ol. It readily combines with another 
mol. of a diazo- compound to form dis-azo- com¬ 
pounds (Nolting a. Kohn, B. 17, 3C6). 
Benzeiie-azo-;)-cresol 

C..II,(CH3)(0n) [1:6:2]. [109°]. 
Orange yellow plates. Soluble in dilute alkalis. 
Dyes a canary yellow. Formed by the action of 
diazo-benzene chloride on an alkaline solution 
of p-cresol. It docs not yield a dis-azo- compound. 

Acetyl derivative Fh-Nj—C, hJ0Ac) ; 
[ 0 B°]; yellow needles, v. sol. alcohol, ether, 
chloroform, and acetone. 

Benzoyl derivativeVh —N,—C,Ha(OBz): 
[113°]; yellow needles, sol. ether, benzene, and 
hot alcohol (Mazzara, O. 9, 426; Liebermann a. 
Eostanecki, B. 17,130; Nolting a. Eobn, B. 17, 


862). 

Benzene-azo-p.oresol-salpho&lc aeid 
0,H,-N2—C,Il,(CH,)(On)(SO,H) [1:6:2:3]. 
Small reddish brown tables or needles. Easily 
soluble in water, sparingly in alcohol. Formed 
br the action of diazot^nzeno chloride on an 
alkaline solution of p-crosol-sulphonic acid 
[1:4:2]. A'Na: soluble reddish brown plates, 
dyes wool an orange fellow (Ndlting a. Kohn, 
B. 17, 367; cf. Stobbins, A. 0. J. 1, 466; 2, 263). 

Benzene-azo-i^-cnmenol 

C,H(CH,),OH [1;3:6:6:2]* [94°]. 

Glistening brown prisms. In small quantities 
it can bo distilled undecomposed. Insoluble in 
idkalis. Formed by combining dia^o-benzene 
chloride with ^-cumenol [70°]. On reduction it 
yields aniline and amido-^-cumenol [167°] 
(Liebermann a. Eostanecki, B. 17, ^ 6 ). 

Benzene • aso - di -ethyl - amide - benzoic aeid 
0W--N,-O«H,(NEt,)CO,H[l:4:2]. [125°]. From 
diazo-benzene nitrate and di-ethyl-yn-amido- 
benzoic acid. Red crystals with violet lustre 


(hrom alcohol). Is sol. water, il. sol. alcohol arid 
ether. Salts: BaA^—AgA' [Grioss, B. 10, 526).n 
B 6nzeae-aso-othyl-(j9)-napathyl-amine 
C,Hj-N,-C,„I-L.NHEt. [103°]. Red needlea. 
Soluble in alcohol i^c. with an orange-red colouri 
iusol. water. It forms bluish-violet salts with 
acids. Formed by heating ethyl-(j3)-naphthyl- 
nilrosamine with an acetic acid solution of 
aniline at 100°. Also produced by combining 
diazo-benzeno with etliyl-(/[3)-naphthy!amino. 

Nilrosamine CJ[,.N*.C,„H,.NEt(NO): 
[97°I; red crystals (Henri(jucs, B. 17, 2(J69). 

Benzene-azo-ethyl-phenylene-diamine 
C„U,.N,.C,.H,(NJl,)NHKt. Biltyl - chnjs(y£dine» 
Dyes a redder shade than ordinary chrysoi'dine. 
Formed by combining othyl-;u-phenyleiio- 
diamine with diazo-benzeno.-B" 11 CI: reddish- 
brown needles with violot-bluo roOcction, soluble 
in wiilor and alcohol with an orange colour,— 
B'Ml.C\riCl 4 ; irisolublo red pp. (Ndlting a. 
Strieker, /?. 19, 547). 

Benzene-azo-indozyl 


.CJL-C{OII) 

(I (?) 
\-CH 


[236°]. Red needles or thick orange prisms, 
Sol. alcohol and alkalis, v. si. sol. water. 
Formed by the action of diazo-bonzene ohloride 
on indoxyl (Baeyer, B. 10, 2190). 

Benzene-azo-methane 0„Hj—GH,. Azo- 
}die>iyl-methyl. (c. 160°). Yellow oil of pecu¬ 
liar odour. Very volatile, and readily distils 
with steam. Formed by oxidation of s-phenyl- 
inetliyl-hydrazine C,Hj.NH.NH.GH, with HgO 
(Tafel, B. 18,1742). 

Benzene-azo-methazooie acid 
Ph-N,- C,i£,NA* [164°]. From diazo-ben- 
zeiie nitrate and an aqueous solution of sodium 
m'ithazonate (Kimich, B. 10, 141). Orange 
needles (from alcohol); insol. water.—Na.^" 2 a(|. 
—BaA"aq. 

Benzene-azo-di-metbyl-amido-benzoio acid 
Ph-N,-OeH,(NMe,)CO,H [1:4:2]. From diazo- 
benzene nitrate and di-mcthyl-tn-amido-benzoicr 
acid (Qriess, B. 10,627). Orange nodules. 

Benzene-azo-metbyl-aniline 
OjHj—Nj—C,H4.NHMe. MethyhamidO’azO’hen* 
zene. [180°]. Red noodles. Sol. alcohol. Formed 
by heating benzene-azo-aniline with Mel.— 
D'HCl: violet needles. 

Acetyl derivative G„TI).N 3 .G 4 H 4 .NMeAo: 
[189°]; yellow silky needles (Berja,B. 17,1401). 

Benzeae-azo-di-methyl-aniline 
C 4 Hj.Nx.C 0 H 4 .NMCj. Di^nclhyl-amidO‘azO'hm* 
zene. [116°]. Yellow plates. 

Preparation. —1. A solution of 74 pts. of 
NoNO, (100 p.c.) and 40 pts. of NaOH in 640 
pts. of water is slowly added to a cooled solution 
of 100 pts. of aniline, 130 pis of dimethylanilin^ 
and 230 pts. of HCl in 360 pts. of water (OriejMj. 

B. 10,625: Mohlau, B. 17,1490).-2. By heat- 
ing benzone-azo-aniline with Mel (Berju, B. 

1402; C. C. 1884, 871). 

MethylO‘iodide B'Mel. [174°]. PlatMi:. 

Beazene-azo-methyl-ketole 

C. Hj-N,—C^H^N. [116°]. Yellow neadlea. 
Formed by the action of diazo-benzeno-ohloridu 
upon methyi-ketole in aqueous alcoholic solution 
in presence of sodium-acetate (Fisoheri B. 
2990). 
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Bmm-uo>meth7l-ph6aylene>diamiAa 

C,Hj.NyC.Hj(NHjNHMe. MethyUhryMne. 
Ntinnte orange prisms. Pyes a somowliat redder 
•hade than ordinary clirysoidine. Formed by 
combining diazobenzene with mothyl-m-phenyl. 
ene diamine (Nolting a, Strieker, B. 19, 549). 

Benzene •azo>(a)-naphthol 
CbHj— {aYNajMlioqninone- 
phenyUhydrazide. [206^]. Small needles with 
blue rclloclion (from alcohol) or Hat needles or 
plates (from benzene). 

Fonmtuyn. —1. By combining (o)-nnphthol 
with diazohenzenc.—2. By the action of phenyl- 
liydrazino hydrochloiide upon (o)-naptho(iui- 
none suspended in acetic acid. 

licaclions, —Dissolves both in acids and 
alkalis. Bromine forms two bromo- derivatives 
[185°], and [190°] (Margary, G. 11, 271). 

Salts.-A'K: oryslallinc pp. The hydro¬ 
chloride, hydrobromide, and sulphate 
form bluish or greenish glistening needles, 
sparingly soliihlo In water, alcohol, and acetic 
acid (Typko, Li. 10,1580). 

Methyl ether A'Mo: [8.3°]; brown crystals. 

Ethyl ether A'Et: [ 100 °}; long needles. 

Acetyl derivative C|,;lf,,N.(OAc) [128°] ; 
small brownisli-red needles (rjieberniann, B. IG, 
2868; Zincke a. HindowaM, 7?. 17, 302G). 

Beiizen 6 -o-azo-(a)-naphtbol 

Oa 

1 [1:2]. (?) [138°]. {&).Narhtlu>- 

\N,JI.C„n,3 

quinone-jdienyl-hydrande. Formed by the action 
of pboiiylhydrazino hydrochloride upon (/ 8 )- 
naphthoquinone. Long red needles; sol. hot 
alcohol and hot acetic acid. It does not combine 
with acids or bases. By SnCL it is reduced to 
(3)-amido-(o)-naphthol. By treatment in hot 
acetio acid solution with UNO, it gives di-nitro- 
(a)-napht]iol. By the action of alkaline reducing 
agents it is at once converted into ( 3 )-nnn<lo- 
(j)-naphthol; no intermediate product could bo 
uetected (Zineko a. Bindewald, B. 17, 3030; 
Zincke a. Uatbgon, B. 19, 2182). 

Bromo- derivative C,„K,„Ny>rd); 
[216°-219°]: sK-ndor red needles. 

Benzene-azo-(j3)-naphthol %.e. 


C,II,.N.,.C,JI,.Orr or 


y>/3 

C.oH /1 


[1:2]. 


[134°]. 

Formation .—By the action of a diazobenzone 
salt on an alkaline solution of ^-naphtliol. It 
IS net formed by the action of diazobenzene 
hydrate on lively divided ( 8 )-naphthol (dUTcrence 
from (a)-naphth()l) (Liebermann, B. 10, 2858). 

_ Froper/w.s'.- Clolden plates or long metallic 
glistening needles. Soluble in ether, benzene, 
ligroine and CS.. Dissolves in H^SO^ with a 
magenta-red colour. Is insoluble in caustic 
alkalis. It has a slightly basic cliaracter, 
^ssolvingin HCI with a rod colour, and form¬ 
ing an unstable hydrochloride crj’stallising in 
needles. By SnCl^ it is reduced to (o)-amido- 
(iB).naphthol and aniline. The same reduction 
products arc also formed at once by treatment 
with alkaline reducing agents {e.g. zinc-dust and 
vaOH, ammonium sulphide, <fcc.); no inter- 
pr^uct was detected. When treated 
jj^t acetio acid solution with HNO, it gives 


di-nitro-03)-naphthol (Ztneke a. Baihgen, B. 

19,2482). 

Bromo- derivative CigHjiBrN^O: [168°], 
Brownish-red needles (Zincke a. Bindewald, B 
17, 3031). 

Be&z 6 ae-azo.(a)-naphthol sulpbonic acid 
C,H, C,„H,(S 03 H)( 0 H). From sodium (a), 
naphthol sulplionate, aniline nitrate, and KNO^ 
(Tlofmanu, B. 10,1378). Slender brown noodles 
(from alcohol mixed with llClAq). Dyes orange. 
—AgA'.—BaAV 

Benzen6-az6-(3)*naphtbol sulpbonic acid 
CA-Ni-0,„H,(HS(),)0H. Brownneodleswith 
yellowish-green reflex. Dillicultly soluble in 
water and alcohol. Prepared by the action of 
an alkaline solution of ( 6 )-naphthol-sulphonio 
acid on diazobenzene nitrate or chloride. —A'.jBa. 
Ycdlowish rod microscopic loallets. Slightly 
soluble in water (Griess, JS. 11, 2107). Its 
nbsoiq>tion-spGetrum 1 ms been examined by 
Hartley (C. J. 51, 19(*>). 

Benzene-azo ( 3 )'napbthol disulpbonio acid 
CJI,-N 2 -C,.,H,(SO.,II)o(OK). Fromso(lium(/ 8 )- 
naphthol disulpbonateanddiazo-benzene nitrate. 
Sol. water. Barium salt is si. sol. water 
(Stebbins, jun., A. C. J. 2, 230). 

Benzenc-azo-(a)-napbthyIamine 
C,.H 5 —N,_. —C,(,H,iNir,. Prepared by the action 
of diazobenzene sulphate on (a)-naphthyl- 
amino (Griess, T. 1804, iii. C79; Weselsky a. 
Bonedikt, B. 12, 228).—B'.Jl.HO^daq: micro¬ 
scopic needles; difficultly soluble in water. 

Bdnzeixe-azo-(iS)-naphtbylamlne 

.NH 

or | 

\n.,it.oa« 

Bemene-hi/drazimido-naphthalene. [104°]. Jled 
trimetric tables or long fine red necdle.s. Easily 
soluble in alcohol and acetic acid, insoluble in 
water. Dissolves in strong 1 LS 04 with a blue 
colour. Its salts exist only inprasenceof a large 
excess of acid. Formed by combination of 
diazobenzene with (/i)-naphlhylamiiio. By boiling 
with 20 p.o. aqueous JLSO^ it is slowly decom- 
po.sed into (/9)-nap]ithylamino, phenol, and 
nitrogen. On reduction it gives aniline and 
(1, 2)-naphthylene diamine. On oxidation it 
gives bcnzone-nzimido-naphtlialene (q.v.). 

Acetyl derivative. C,„K, 2 AcN 3 . [153°J, 

Small red needles, easily soluble in alcohol, in¬ 
soluble in water. 

Benzoyl (irrivafive C,„H|jBzN,: [163°], 
red crystals (Lawson, li. 18, 796). 

Benzene-o-azo-nitro-benzene 
C^Hj—N.^—CJf,(NO.,) [1.2]. Nitro-azohenzene, 
[123°]. Formed by nitration of benzeno-azo-ben- 
zene in acetic acid at 100°. Orange-yellow 
minute needles. Y. sol. alcohol. Alcoholio 
NaOlI gives a beautiful emerald-green coloura¬ 
tion ; by long boiling or by treatment with sodium- 
amalgam it is further reduced to a compound 
C.jII^NbO. Tin and HCI or ammonium sulphide 
first reduce it to bonzenc-o-azo-anilinc and then 
to aniline^ and o-phenylene-diamine. By bio- 
mination in acetic acid it yields bromo-nitro- 
Inmzene [123°] or [132°] (.Janovsky a. Brb, B. 
19 .2157; 20, 3G0; ilf. 8 , 56). 

Benzene-p-azo-aitro-benzene 
CA.ri 5 .CJI,.NO, [1:4]. [137°]. Small yellow 
needles (from alcoW). Formed by nitration ol 
bonzeno-azo’benzooe. By KH«H 8 it ie reduced 
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to ordin&ry benzt^ne-szo-ftniline. Alcoholle 
NB 4 HS produces red crystals of an intermediate 
C4H,.N,.C4H4.N0H 

oitrolio acid | (?) [134®], 

0«n4.N,.C«H..N0H 

which forms a blue solution in NaOIIAq. 
KjFeCyg reoxidiscs it to benzeiie*azo-;)-nitro- 
benzene. By complete reduction it yields aniline 
end 2 ?-phenylono.diamine (Laurent a. (Jorhardt, 
d.7o,73; Janovsky.i^.18,1133; if. 6,164,455). 

Benzene-azo-trLnitrO'benzene 
C,H,-N. C H,(NO,),. [142-’]. By action of 

HgO on an alcoholic solution of the correspond¬ 
ing hydrazo- compound {E. I'isclier, A. 100,133). 
Slomler red prisms (from alcohol). 

Benzene-azo-nitro-iao-butane 
CJlj—N^—CII(NO^)Br. From diazobenzene ni¬ 
trate and potassium iiitro-iso-butano (Ziiblin, 
B. 10, 2088). Oil. Forms uji orange solution 
in alkalis. 

Benzene-azo-nitro-ethane CJIuNjO.. i.e. 

N,-CH(NO,).CII.,. [137"J. Fromdiazo- 
benzene nitrate and sodium nitroclhaiie (V, 
Meyer a. Amlmhl, JJ. 8,751,1073). llcctangulur 
orange crystals ; v. sol. alcohol and ether, insol. 
cold water, sol. aqueous alkalis forming a blood- 
rod solution. Dyes silk yellow. Cone. forms 
u violet solution. It crystallises unaltered from 
aipieous NII 3 (Barbiori, B. H, 386) but such a 
solution gives jips. witli metallic salts. 

Salt 8 .—C,H ,K,N 30 .. 4 aq. -C,H.Na.,N,0.. 7aq. 

- C„H,ZnN,0,3aq.-C;H,FbN,0,Pb()2iaq.' 

6 enzene-az >-nitro*niethane 


C„Hj—N.^ CIL.NO.. [153°]. From diazobon- 
zone nitrate and sodium nilromothane in very 
dilute solution (Friese, B. 8,1078). Slender red 
mrcdlos (from alcohol). Cone. IL.SO^ gives a 
purplo solution. Decomposed by ILCIAq only 
after long boiling. 

Benzene-azo-tri-nitro-phenol 
CJIj—N.. C,iH(NO.)aOII. Long brown prisma. 
Insol. cold, si. sol. liot, water; v. sol. alcohol. 
Explodes at 70°. Dyes silk and wool orange- 
yellow. Prepared by the action of a salt of 
diazobonzenc on an alcoholic solution of picric 
acid (Stobhins, jun., A. C. J. 1, 465; 2,230; 
C. 1^. 41,117; B. 13,43). 

Benzene-azo-nltro-propane 
C,H, ~N, C1I(N0,).CU,.C[I3, [99°]. From po- 
tassium nitropropano and diazobenzeno nitrate 
(V.Mcyer,B. 9 , 3 Hi)). Orange needles; sol.alkalis. 

Benzene-azo-iso-nitro-propane 
C,jH —N.^. -C(NO .)(CIl 3 )j;. From aqueous diazo¬ 
benzene nitrate and potassium nitro-isopropane. 
Oil; insol. alkalis (V. Meyer a. Ambulil, JL 
8 ,1076). 

Benzene-azo-o-oxy-benzoic-acid 
—N^—C^ll,(OH).CO.il. From diazobenzeno 
nitrate and an alkaline solution of salicylic ucid 
(Stebbins, jun., A, C. J. 1, 465; B. 13, 715; 
C. N.il, 117). Orango-red noodles; insol. water, 
▼. sol. alcohol or ether. Dyes wool orange. 
Benzene-azO'di-oxy-naphthaleae 

C.H,-N,-C,.H,(OII), or C,.H,(On) (g^HCX- 

Oxy’{a)’naphtJwqui}ione pJuinyl • hydrazidc. 
[230°]. Formed by the action of phenyl- 
hydrazine on oxy-naphthoquinone in aqueous* 
alcoholic solution. Ycliowish-red glistening 
needles. V. sol. ether, hot alcohol, and but 
acetic acid. 


SaltSo^The alkali salts form slender orange 
needles, sol. alcohol.—A'^Ba lOaq: yellowish- 
brown plates or long red needles.—A 2 Ca 4 aq: 
slender orange needles.—A'Ag: reddish-brown 
anioiphons pp. 

Acetyl derivative: [179°]; red needles. 

Methyl cf/tcr A'Mo; [175°]; rod needles. 

Kthyl ether A'Et; [173°]; yellowish-red 
needles, v. sul. hot alcohol and hot acetic acid. 

.BroMio-(icrii;rtfu>s-C„iU,,BrO.^N 2 : [198°]; 
large red needles, si. sol. alcoliol (Zinoko a. 
Thclcn, B. 17, 180 I). 

Bcnzene-azo-phenolCgUj —Nj - CgII,.OII[l :4j. 
Oxy-azo-henzene. {154°]. 

Forvuition. —1. A product of tlie action of 
BaCOj on diazoI>onzcuo nitrate in the cold 
(Ciriess, A. 137, 84).—2. From benzeno-azo-bon- 
zone sulphoiilc acid by p()tash fusion (Grioss, A. 
1.54, 211).- 3. From diazo-benzenc nitrate and 
CJI^OK (Kekul 6 a. lleidcgli, Z. (2] 6 , 384).—4. 
By the action of p-nitroso-phonol (20 pts.) on 
aniline acetate (60 pts.) (Kimicli, J9. 8 , 1499).— 
5. By gently wainiing bcnzfmo-nzoxy-bon 74 ono, 
C,II, -N . 0 - 0 , 113 , with H -SOg (Wallach, B, 13, 
525; 14,2617). 

iVopcrLcs.—Purple pyramidal ])lates. Insol. 
cold water, sol. alkalis; v. sol. alcohol. Bro¬ 
mine in acetic acid gives a compound [139°]. 

Salt.-AgA'. 

Acetyl derivative. — Pli.N^.C^HgOAo, 
[85°]. (al)ovo 360°). Golden scales. 

Methyl ef/icr. — Ph.N^.CgH^OMo [54°]. 
Yellow scales. 

Benzene-azo-phenol sulphenic acid 
CJfj-N,—C,ll 3 ( 0 ir)(S 03 K)ri: 4 : 3 ]. Fromdiazo. 
benzene nitrate and an alkaline Rolution of 
phenol o-sulphonic acid (Griess, B. 11, 2194). 
llo<l needles or tables ; sol. water and alcohol.— 
KA'. 

Benzene-azo-phenol sulphonio acid 
C,.J1 hN^{OH)(SOj,H). From benzene.azo-phenol 
and fuming Il^^SO^ (Tschirvinsky, B. 6 , 660).— 
BaA'.j2ttq-—CuA'^Caq.—MgA^^Oaq.—KA'. 

Benzene-azo-phenol di-sulphonic acid 
C,.,HjN.^(On)(S 03 lI).M From azoxybenzene 
(1 pt.) and fuming 11.804 ( 1 ® pts.) by heating 
for 3 hours at 150° (Limpricht a. Wiising, A. 
215, 232; B. 15, 1297). Orange needles, v. e. 
sol. water, v. sol. dilute acids. 

Salts.—K 3 A" 2aq; red needles, si, sol. cold 
water; not attacked by Br. -BaA" aq: orange 
crystalline pp.—Ag^^A": red crystalline pp. 

Benzene-azo-phenol tetra-sulphonic acid 
* C,. JI -N.(0 H) ( 80311 ) 4 . F rom azoxybenzene 

and fuming H,.S 04 (L. a. W.). Will not crystal¬ 
lise. Salts.- 0 ,,H.N,(OK)(S 03 K) 47 i aq ; long 
yellow needles. Givt.swith Iromlno-watcr a pp. 
of tri-bromo-phenol [92°].—7aq: orange 
crystalline pp. 

Other benzene*azo-phenol snlphonic acids are 
described as Oxy-benzenc-Azn-heMzene sulphonic 
acUls, and sulpho-benzene-k7M-pheiiol aulphonie 
acitls. 

Benzene-azo-diphenylamine 
C 4 H,-N,-C 4 H 4 .N} 1 .C 4 H 3 . [82 ] (0. N. Witt, 
C. J. 85,185; B. 12, 259). A solution of dl- 
phcnylaraine (17 g.) in alcohol (100 c.c.) is added 
to a solution of diazo-benzene cliloride (14 g.) in 
alcohol (60 g.). The brown mixture is cooled 
with ice, and alcoholic KMe, (used instead of 
Nil, because NMc,HCl is soluble in alcohol) it 
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ftdded from timo to time to neutralise tiie liquid. 
The oil which separates is purified by a lengthy 
process, and finally crystallised from benzoline. 

Properties, —Golden leafiets or needles. Sol. 
benzene, alcohol, and ether. HCl turns its 
alcoholic solution violet; steel-grey crystals of 
the hydrochloride separating. The base forms 
a green solution with H,SO^ turned, by adding 
water, into indigo, violet, and finally red. With 
amyl nitrite and acetic acid it forms a nitrosamine, 
Ph.N(NO).C,ll,N,i’h, [I'iO"], forming orange 
needles, sparingly soluble in alcohol and acetic 
acid, readily in benzene. 

Benzeue-azo-ni-phenylene diamine 
^■^5 N'j CiJIalltH.). [l:2:i]. ChrysoYdine. 
[117*5''] (W.); [110°] (it.). Trom diazobenzene 
salts and m-phenylene diamine (Witt, B. 10, 
860,664; Hofmann, G. 10, 2i;i, dS.S; (jriess, G. 
10, 390). Slender yellow needles (from water); 
si. sol. water, v. sol. alcohol, ilediiced by am¬ 
monium sulphide at 160° to aniline and (1,2,4). 
tri-amido-benzeue. Tiieab.sorption-spcotrumhas 
been examined by Hartley (C. J. 61, 17S).— 
B"HC1: black octahedra or small red silky 
crystals; its aipreous solution is orange, but 
turned red by HCl—I!''.jH.l’tCI„.~ G''HNOj. 

Bi-acetyl derivative 
Ph—N,-C.H,(NHAc).; [251°]. 

Benzene-azo-m-phenylene-diamina sulphonio 
“ ^hHH(i^H-).{SO;,ri), Chryso'idine 
sulphonic acid. Glistening spangles or needles. 
SI. sol. water and alcohol. Prepared by the 
action of diazobonzcne-ohloride on a salt of 
»»-phenylcnu-diamino sidpbonic acid. A'Na: 
soluble golden needles—A'.jlla: orange needles 
(lluhemann, B, 14, 2666). By the snlphonation 
of ehrysoidine an isoinerie acid is formed (o. 
Bi-amido-benzene-aeo-hemene sulphonic ac"d). 

Benzene-azo - di- phenyl -methyl -pyrrol-car - 
boxylio acid Cj,n„0.,N, i.e. 

HO,O.C:CMe, 

Hti’Cri Obtained 

by saponification of its ethyl ether, which is 
formed from an acetic acid solution of acoto- 
phenono-aceto-acetic ether (1 mol.) and benzono- 
p-azo-aniline (1 mol.) on st.anding for two days. 
L&rg6 red crystals. V. sol. alcohol, ether, and 
benzene; si. sol. ligroin and acetic acid; insol. 
water, and couc. acids. Gives Laubenheimer’s 
reaction. 

Pthyl ether EtA': [123°]; splendid red 
crystals; v, aol. benzeno and ligroin, si. sol. 
Wcohol, ether, and acetic acid (Paul a. Schneider, 
”. 19, 31()*2). 

Bcnzene-azo-phonyl-(3).naphthyl-amine 

CmH„N, i.e. C.U,- N,- C,.U.NHC.H, or 

_ \n.hc.h, 

• pftent/1 - hydrazimklo - naphthalene. 

‘7 1 p, 0“*‘‘>'ted by combining diazo-benzene 
ehlonde with phenyl-(f)).unphthyl.amino in 
aloohoUo solution. It is also formed by the 
action of an acetic acid solution of aniline upon 
pnenyl.(^).naphthyl.iutro8ainine. Small red 
glistening needles. 

Reaclions.—l. By heating with cone. HCl it 
N 

yields naphthophenazine C.H,/1 and 

'N' 


aniline.— 2. Bromine acting on the hot aoetio 
acid solution forms tetra-bromo-phenyl-(B)- 
naphthyldmine with evolution of nitrogen.—8. 
It is reduced by SnCl, to aniline and phenyl- 
o-naphthylene diamine C,.H.(NiyNHC,H,.~4. 
By oxidation with K^CrjO, in acetic acid solu¬ 
tion the chromate of a powerful ammonium- 
base C„.^HjgN-,OH is formed ; the latter possibly 
-N(OII).C«Uj 

has the constitution C,„n,C |\ 

\N.N.C.Hi 

V. Naphthalene di-phenyl-A'/.Mmonwn-hydrale 
(Ilenriqiies, B. 17, 2671 : Eincko a. Lawson, 

B. 20,1167). 

Benzene-azo-di-phenyl-tbio-urea 
C„H.-N.,-C„H,.NII.C.S.NHrh. [179°]. Plates. 
Eormed by combination of plienyl-inustard-oil 
with benzeno azo-aniline (Berju, B. 17,1406). 
Benzene-azo-pyrogallol 
—Hj— C„II;(OH),. Prepared by adding an 
aqueous solution of diazobenzene nitrate to an 
alkaline solution of pyrogallol (Stebbins, jun., 

A. C. J. 1, 465; 2, 236; B. 13, 44 ; C. N. 41. 
117). Bed needles (from acetic acid). Insol. 
water, sol. alcohol. Its alcoholic solution dyes 
silk and wool orange. 

Benzene-p-azo-resorcin 

C. H. -Nj-O.H.(01I), [1:2:4]. [161°] or [170°]. 
From diazobenzene nitrate and resorcin (Typke, 

B. 10, 1577; Wallach, B. 15,2819; K. Meyer, 
G. 16, 1329). Formed also by gently warming 
diazobenzene anilide with resorcin, aniline being 
eliminated (Heumann a. Occonomidcs, G. 20, 
905). Slender orange needles [170°] or short 
red needles [161°], insol. water, sol. aqueous 
alkalis, V. e. sol. alcohol. 

Acetyl derivative [102°]. 

Mono-ethyl ether [^V], Scarlet needles. 
^iclhyl ether ^70*^]. Yollowish-reilneeilleg. 
Beozene-o-azo-resorcin C..H^.N.,.CJl 3 (OH). 
[1:2:6]. Formed in small qnaniity (about 6 p.o.) 
in the preparation of the p-isomeride. 

Mono-ethyl ether C„Il,.Nj.C.H 3 (On)(OEt) 
[1.50°]. Long line scarlet needles ; v. e. sol. alco- 
hol and ether,insol. water; dissolves in aciueous 
alkalis with a brownish-red colour. 

Bi-ethyl-ether C,II,,.N. 3 .C,Il 3 (OEt) 2 : [90°]. 
Largo red glistening tables; v. sol. ether, hot 
alcohol and acetic acid, insol. water (Pukall, B. 
20, 1115). 

Benzene-azo-thymol 

C. H3—N,3—C3H.,MePr(OI') [1;2:5:4] [85°-90°l. 
From diazobenzene chloride, and an alkaline 
solution of thymol (Mazzara, O. 15, .52, 228). 
Keddish-yellow needles. Iteduction followed by 
oxidation gives thymoquinone. 

Benzene-azo-thymol-sulphonic acid 
CA-N3-C.H(CII3)(C,1I,) (HSO,)OH. [216°]. 
famon yellow prisms. Yellow colouring matter. 
Prepared by the action of diazobenzene chloride 
on a salt of thymol-sulphonic acid. Salts.— 
A'Na: small yellow crystals. - A'.Ba: fine hair- 
like needles (Stebbins, G. 14,2793). 

Benzeney>azo-tolueno C.II,- -N.,—C,H,(CH,) 
[63° corr.]. Formed by diazotising amido-ben- 
zone-p-azo-toluene 0,H,(CI1,)—N,—C,H 3 (NHj) 
dissolved in alcohol and boiling the solution 
(Schultz, B. 17, 466). Orange-red plates; v. sol. 
alcohol. Volatile with steam. By treatment 
with alcoholio SnClj and H,SO. it is converted 
into a base melting at [116°]. 
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BtutM-aio^tolylMia diamine 

b^.—N,—OaH^6(N2^),. Yellow needles. Basily 
boluole in alcohol, sparingly in water. Prepared 
by the action of diazobenzene chloride on (1, 2,4) 
iolylene-diamine, [99^].—B'HCl: orange red 
needles (Stebbins, jun., A. C.J.l, 465; B. 13, 
717; C. 2^. 41,117). 

Benzene • azo - xylenol C^Hi.N;,.0,H3Moa OH 
n:3:5:2]. [175®]. Formed by combining diozo- 
benzeue chloride with wi-xylonol C„HaMC;.(OH) 
[1:3:4] (Grevingk,7i. 19,148). Slender brownish- 
red needles. V. sol. alcohol, ether, and benzene, 
insol. water. On reduction it yields aniline and 
o-amido-nt-xylenol aiIJIo,(NH,)(OH) [.'):3:2:1]. 
Bromo-amido-benzeae-azop-bromo-aniline 
Diacetyl derivative 
[2:6:1] NHAc.CJIaBr -N,—C,H3Br.NnAc [1:5:2] 
[282®]. Formed by warming acetyl-bromo-nitro- 
anilineC,jH.,(NUAc)nr(NO..) [2:5:1] with zinc and 
cone. NHjAq (0. H. Matthicssen a. Mixter, Am. 8, 
847). Pale red substance. 

p - Bromo - benzene - azo - benzene -p-sulphonic 
acid [4:1] C«H,Br — N, — C«H,(SO,II) [1:4J. 
Formed bysulphonation of benzene-p*azo-biomo- j 
benzene or by broinination of benzenc-azo-ben- 
zouo-p-sulphonic acid. Flat needles (containing 
3aq). 

Salts. — KA': rhombic tables. — NaA': 
yellow silky needles, si. sol. water (Janovaky, Af. 
6,162; B. 20, 368; A/. 8, 53). 

m-Bromo • benzene-azo-benzene-p-snlphosio 
acid [3:1] C,H,Br—N,—CJI,(SO,H) [1:4]. 
Formed by siilphonationof benzene-m-azo-bromo- 
benzenc with fuming sulphuric acid. Glistening 
golden plates (containing 1^ aq). 

Salts.—KA': yellow pearly pp. of mioro- 
scopio needles.—NaA': pp. v. si. sol. water 
(JanoYsky a. Erb, B. 20, 359). 

o-Bromo-benzene-o-azo-bromo-benzene 
|2:1] C6H,Br-N*-C..H,Br [1:2]. [185®]. A 

product of the bromination of benzenc-azo- 
benzene in HOAc (Janovsky, Af. 8,60; B. 20, 
337). Golden plates, si. Bol. alcohol. On nitra¬ 
tion it gives a tri-nitro- derivative [135®]. 

n-Bromo-benzene-p-azo-bromo-benzene 
[4:1] C«H,Br-N,-C,H^Br[l;4]. [205®]. Formed 
by bromination of benzeno-azo-benzene (Werigo, 
A, 136,178; 165,189). Formed also by reduc¬ 
tion of p-bromo-nitro-beuzene with zinc-dust : 
and alcoholic KOH (Schultz, B. 17, 465). ' 
Yellow needles. By alcoholic SnClj and U.SO, 
it is converted into a di - bromo - di • amido- 
diphenyl. Fuming H.,S 04 forms a sulpbonic 
acid C,.,H,Br,N,SO,H3aq (W.). 

m-Bromo-benzene-m-azo-bromo-benzene 
[3:l]C^^Br-N2-C«H,Br[I:3]. [126®]. From 
the corresponding hydrazo- compound by Fe,|Cl, 
(Gabriel, B. 9,1407). ' 

Xribromo-benzene-azo-dimetbyl-aniline • 
C,H^r,-Nj—C,H,(NMe 2 ). [161®]. Formed by 
adding an alcoholic solution of dtmethylaniline 
(2 mol.) to C,.H^Br^.i.NO, (Imol.). Crystalline pp. 

i^d plates (from glacial acetic acid). Insol. 
water, hardly soluble in alcohol. combines 
wito cone. HCl (Silberstein, J.pr. [2] 27,124). 

Tribromo - benzene - azo - methyl • diphenyl- 
amine C,H,Br,—Nj-C,H,NPhMe. [138®]. 
From CjH^raNjNOa and KPhjMe in alcohol. 
Small brownish-red plates (from glacial acetic 
acid). Insol. water, si. sol. alcohol. Does not 
corooioe with HCl (Silberstein, /. pr. [2] 27,126). 


Broaio-beaiene<aao-(a)-Baphtliol 

[4:1] 0,H,Br-N.-0„H,OH [1:4]. [196®]. From 
p-diazo-bromo-benzene and (a}-naphtnol, or 
by bromination of benzeno-azo-(a)-naphthol 
(Mazzara, 0, 14, 271). 

p-Bromo • benzene - azo • (.3) • naphthol 
[4:1] 0,H,Br—N,—C„H„OH [1:2]. [161®]; From 
p-diazo-bromo-bcnzcne and (8)-uaphthol, or from 
benzeno-azo-(j9)-napbt]iol and bromine (Mazzara, 
Q. 13, 438). Orange needles. 

p-Bromo-benzone-p-azo-nitro-benzene 
[4:1] CJI,Br-N, •C,H,(NO,) [1:1]. [108®]. 

Formed by nitration of benzeno-p-azo-bromo' 
benzene. Yellow needles. V. sol. alcohol 
(Janovsky a. Erb, B. 20, 358). 

Bromo-benzeue-azo-di-nitro-benzene (?) 

[4:1] C,n,Br-N,--C«ll,(NO,), [1:2:4] (V). [100®]. 
Formed by nitrating benzene-p-azo-bromo-ben- 
zeno (.Tanovsky, Af. 8, 52). 

p-Bromo-benzene-azo-nitro-ethane 
[4:1] C„II,Br -N3-CH(N0,).CH,. [o. 187®]- 

From p-diazo-bromo-benzene nitrate and potas¬ 
sium nitro-cthaiic (Wald, B. 9, 393). Brick-red 
crystals (from dilute alcohol); sol. ether, glacial 
HOAc, and chloroform. Salt.—0,n5KNaO,Br. 

Bi-bromo - di - imido-di-hydro-anthracene-aio- 
dibiomo-di-imidO'di-hydro-anthraoene 
C,,II,Br,N, or 

Nil NH 

C.n.<°>CJ3t,H-N,-Br,nC.<®>C.H,(?). 

Nil NH 

[233®]. Prepared by heating dibrorno - nitro- 
anthraquinono with alcoliolio NU^ (Claus a. 
Diernfeilner, B. 14,1335). Rod needles. Sub¬ 
limable. S). sol. alcohol and ether, insol. water 
or aqueous acids and alkalis. 

Bromo - di - ozy - benzene - azo • bromo- 
hydroquinone, Tetra-methyl derivative 
C,,lLIlr(OMe),~N,—C,H,Br(()Me),. [220®]- 

Formed by bromination of the tetra-metbyl 
derivative of di-oxy-benzcno-azo-hy<lroquinonw 
(Baessler, B. 17, 2125). Red crystalline solid,. 
V. sol. benzene, chlorpform, and CS,, v. si. sol- 
alcohol, insol. water. 

Bromo-salpho-benzene-azo-benzene inlphd- 
nio acid 

[6:3:l]0,HaBr(S03H)-N,-0,H3Br[SO,H)[l:6:8]. 
Formed by oxidation of a neutral a<iueouB: 
solution of bromo-amido-benzene sulphouic acid 
C«II,Br(NH,)(S 03 H) [4:3:1] with KMnO,- 
Salts.—K,A'^2aq: glistening red tables (Lim- 
priebt, B. 18,1422). 

Bi-bromo - sulpho - benzene-azo-di-hromo-hea- 
zene sulphonlc acid 

[2:6:4:l]G«H.Br,tSO,H).N,.C«H,Br,SO,Hfl:2:6:4]- 
From potassic di •' romo • o - amido • benzenw 
sulphonate and KMnO^ (Kodutz, A. 215, 222), 
Red plates (containin-j 2aq). V. sol. water or 
alcohol. Reduced by SnCl, to tho original 
0 «H,(NIl,)Br,S 03 H. Salts. — K,A"2aq. -- 
BaA" 3aq.—CaA" 4aq. - PbA'^ 

Chloride.— Brown plates. 
Amide. —Violet silky needles. 

Bi • bromo - salpho - benzene - azo - di - bromOi* 
benzene znlphonic acid 

[4:6:3:l]C«H,Br,(SO,H).N,.C,H,Br,SO,H[l:4:6:8]* 
From potassic di-bromo-amido-benzenc sulpho- 
nate and EMnO, (Bodatz, A. 216, 210). Slender 
red needles, containing l^aq (from water). V, 
sol. water, v. o. sol. alcohol* ^aced by SnCb 
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to the original C*Hj(NH^)Brj.SO,H. Salti,— 
lM." 8 aq.--BaA" aq.-CaA"4aq.-PbA" 2^aq. 

OAiori<?e.—[233®]. Brick-red needles. 

Amide.—Microscopic orange needles (from 
alcohol). Does not melt. 

An acid isomeric with the above may be got 
by the action of KMnOi on the tetra-bromo- 
hydrazo-benzcne di-sulphonic acid of Jordan, 
A. 202, 861, 

Tri-bromo- snlpho -heozene -azo-tri - bromo- 
benzene snlphonic acid [2:4:6:3:1] 
C«HBr,(SO:,H) -N,- C«H13r,(SO,H) [1:2:1:C:3]. 
From potftHsic tri-bromo-m-amido-bcnzoate by 
KMn 04 (Uodatz, A. 216, 226). Plat orange 
needles. Hcduced by »SnCL to the original 
C,H(NH.JBr,.SO^I. 

3aq.—BaA"2aq.—Ca A" 7aq.—PbA" 4aq. 

Chloride.— [ 222 ^- 221 °]. Dark violet tables. 

Amtdc.—Brown crystals that do not melt. 

Bi-bromo - snlpho - benzene - azo- ( 8 )' naphthol 
C,HjBr 2 (SO,H) -Nj-C, 4 H„OH (Stebbins, C. N. 
42, 44; A. C. J. 2, 2’.\6). Prom diazo-dil)romo- 
bonzeno suiphonic acid and an alkaline solution 
of (i9)-naphtliol. 

Bi-bromo - snlpho -benzene- azo-di -ozy-naph- 
thalene C 4 HjBr,(S 03 H)—N^—0,on,(OH)^. From 
diazo-dibromo-benzene suiphonic acid and an 
alkaline solution of dioxynaphtbalene. Noodles 
(Gricss, B. 11, 210U). 

firomo - snlpho - tolnene - azo • bromo • toluene 
Bulphonic acid N,(C„H,BrMe.SOaHl 3 [1:?:4:5]. 
From potassic bromo p-toluidine sulphonate (of 
Jenssen) and KMnO, (Kornatzki, A. 221, 186). 
lied tables with pointed ends. Salts.— 
K,A'' 4aq.—BaA" 5aq.—CaA" 4^aq. ~ PbA" 5aq. 

Chloride. —[ 220 ®]. Groups of red prisms. 

Amide .—[above 200 ®]: red powder. 

Di - bromo - snlpho - toluene - azo - di - bromo- 
toluene aulpbonic acid N„(C 4 HBr 3 Me.SOstI). 
[1:?:?:2:5]. From potassic dibromo-o-toluidino 
eulxdionate (of Ilayduck) and KMn 04 (Kornatzki, 

A. 221, 188). Blood-red plates. Salts.— 
K 3 A" 2 aq.—BaA" Oaq.—CaA" 8 aq. -PbA" 9aq. 

Chloride. [243®J. Redswallow-tailedplates. 

Amide. —[218®]. Powder. 

Di • butyl -p - amido - benzene - azo - di - butyl * 
anUine (C 4 ig,N.C,U 4 -N 3 -C,Il 4 N(C.n„) 3 . Di- 
biUijl-anilinc-azj/liiie. [158®]. lied needles. 
Formed by passing NO through an alcoholic 
solution of di.bat)’l-atiliine. 

p€riodidc.‘—W\l^: dark crystals with blue 
reflection (Lippmann a. Floissncr, B, 16, 2142 
and B. 16,1421; M. 3, 713). 

m-Carboxy - benzene.x azo - aceto • acetic acid 
C 4 ll 4 (COJl) Nj- CHAc.CO.^H. Formed by tlie 
action of the sulphate of w-diazo-bcuzoic acid 
upon acetoacctic ether in alkaline aqueous 
solution (Gricss, B. 18, 962). Small yellow 
plates or needles. Soluble in alcohol, nearly 
insoluble in water. Bitter taste. 

0 - Carboxy - benzene - o - azo - benzoic acid 
[ 2 : 1 ] C,n^{CO,Il)-j!i,-~CJl,.CO,n [ 1 : 2 J, 
C'Aeo-bemoic acid. [238 ]. Mol. w. 270. From 
o-nitro-benzoicacid and sodium-amalgam (tiric.s 8 , 

B. 30, 1868). Dark yellow hair-Hko needles. 
Insol. water; m. sol. alcohol. 

SaltsBa A" 7aq. —BaA" 9aq.—Ag;A". 

Ethyl otherKt^A". [139°]. Fromo-nitro- 
bnnzoio ether by sodium-amalgam. Scarlet 
needles (Fittica, J. pr. [2J17,216). 


vi-Carbozy.b6iii«M-m-uo-b«Dioio m14 

Ns( 04 H 4 .C 0 sH ^2 [1:8]. m-Atobengoic acid. From 
m-nitro-benzoio acid by sodium-amalgam 
(Strecker, A, 129, 134). Amorphous powder, 
decomposed by heat, v. si. sol. water, alcohol, 
and ether. Gives phenazino when distilled 
with lime. Its copper salt gives azobenzene on 
distillation. HgO and iodine gives an amor* 
phous di-iodc-derivative, C, 4 Hgl 2 N 204 (Benedikt 
B. 8, 386). SaIt 8.--BaA"5aq.— Ag^A". 

Ethyl ether EtA". [90®]. By theaction of 
EtI on Ag^A" Golubeff (B. 7,1651) obtained two 
bodies isomeric with this ether, one melting at 
76®, the other being a monobasic acid. 

^•Carboxy benzene-^-azo-benzoio acid 
N 2 (CgII,.C 02 H )2 [1:4]. From j 3 -nitro-benzoic acid 
and sodium-amalgam (Bcilstein a. Beiehcnbacli, 
A. 129, 144; Billinger, A. 135, 154). Formed, 
together with azoxybenzoic acid, by boiling 
nitro-benzil with alcoholic KOH (Zinin, Z. 1868, 
563). Flesh-coloured amorphous powder, insol. 
water, alcohol, and ether. Gives plienazine 
whcndistilled with lime. Salts.—(NH,)jA"aq.— 
Nag A".—CaA" 3aq.— BaA". — Ag^A . 

Ethyl ether Et 2 A". [ 88 °] (Fittica, 

d. pr. [2] 17, 216). 

m-Carboxy-benzene-BZO-malonio acid 
^^^ 4 ( 00311 ) —N.-CH{C 02 H) 3 . Formed by the 
action of the nitrate of w-diazo-benzoic acid on 
malonio ether in alkaline aqueous solution 
(Griess, B. 18,962). Microscopic orange needles 
or plates. Easily soluble in alcohol. 

Carboxy - benzene - azo - di-methyl-amido-ben- 
aoio acid CJl 4 (CO.,II).N 2 .CaH 3 NMe 2 .CO,.Jl. From 
m-diazo-bonzoic acid and diinethyI-7a-amido- 
benzoic acid (Gricss, B. 10, 525). Brown pp. 

m-Carboxy-benzene-azo-nitro-methane 
04114 ( 00311 ).N._,.CU 3 (N(\,). Formed by adding 
the nitrate of m-diazobenzoic acid to a dilute 
aqueous alkaline solution of nilrometliane 
(Griess, B. 18, 961). Yellowish-rcd plates. Hoi. 
hot alcohol and ether, v. si. sol. water. 

m-Carboxy-benzone-azo-(i 8 )-naphthol 
C 4 H,(C 03 n)-N 2 ~C,„Il 4 (()Il). [235'®J. Prepared 
by the action of m-diazo-benzoic acid on an 
alkaline solution of (/3)-naplithoI (Griess, B, 14, 
2035). Keddish-ycllow needles or plates. Sol. 
hot alcohol, si. sol. cold alcohol and ether, insol. 
water. 

Salts: A' 2 Ba 3 Jaq: red microscojnc needles. 
A'K2aq: easily soluble yellow needles or plates. 

' Ethyl ether A'Et. [104®]. Yellowish- 
red needles or plates. Sol. ethor, insol. water. 

Amide. —Slender orange noodles. SI. sol. 
alcohol and ether, insol. water. 

m • Carboxy - benzene-azo - {$) - naphthol sui¬ 
phonic acid C 4 H,(C 03 H)—Nj—C, oH 4 (OH)(HSO,). 
Prepared by the action of »«-diazo-benzoic acid 
on an alkaline solution of (j 8 }-nnphtliol sui¬ 
phonic acid (Griess, D. 14, 2036). Brown needles 
or idates. * Sol. hot water, si. sol. cold water and 
alcohol, insol. ether. Dyes wool and silk a 
splendid orange.—A" 2 H 2 Ba 4 aq: orange pp. of 
slender needles. 

m-Carboky • benzene*azo.(A)*naphthol - di-sul- 
phonic acid C 4 H 4 (C 02 n).N 2 . 0 , 4 H 4 ( 0 Il)(HS 02 )*. 
Prepared by the action of ?n-diazobenzoic acid 
on (d)-napbthol-(a)-di 8 uIphonie acid in alkaline 
solution (Griess, B. 14, 2037). Yellowish-rod 
microscopic needles. Dyes silk and wool ou 
orange scarlet. 
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6ali8.~BaHA'"6aq; red crystalline ppw— 
Pft^''',12aq: red microscopic needles, 
f Carboxy-bense&e>ato.phenol v, Oxy-benzene- 
l^-ben^oic acid. 

' Di-oarbozy-benEene.azo.phthalic acid 

0,H,(C0,jH),—N^-C«H,(CO,H),. Azo^phtludic 
acid, [about 250°]. Prepared by reduction of 
nitrO'pbtlialio acid with sodium-amalgam (H. 
Muller; Claus a. May, i?. 11, 1;180). Small 
yellow needles: si. sol. water, alcohol, and ether. 

Salts.—A‘’Na,10aq: yellow monoclinic 
prisms, v. sol. water.—A'’K^6aq: long yellow 
needles.—A'’'Mg2l8a(i: large orange crystals.— 
V’Ag^: yellow insoluble pp.—yellow 
insoluble pp. 

Bi-carboxy-benzene-azo-tere phthalic acid 
;6:2:1] C«I1:,(C0JT)2-Nj-CJI,(C02H)2 [1:5:2]. 
ieoderephtluiHc acid. 

Formalion. —1. By oxidation of hydrar.o* 
Jerephthalic acid with nitrons acid.—2. By 
reduction of nitro-tcrephthnlio acid with sodium- 
unalgiim (Honiollja a. liow, B. 19,1092). 

Yellow needles. Sol. alcohol and ether, si. 
iol. water. Becoinposea above 200°. 

Carboxy-naphthaleno-azo-(/9)-naphtholc acid 
:J,„H„(COJI)-N2-0,„H„{C02H). Froma nltro- 
/3)-naplilhoic acid by ammonium sulphide 
Itakowsky, B. 5,1022). 

c.ro-Carboxy>toluene-azo*phenyl-acetic acid 
:302M.CH2.C«H,—N.,- C,.H..CH.,.C02H. S. (cold 
dcohol) 0-375; (hot alcoliol) 1*57. Insol. hot 
vater, ether, and benzene. Does not melt below 
100°. Formed by the action of sodium amalgam 
m nitro-phenyl-acetic acid [151] (Wittenberg, 
31. [2] 43, 111). 

Carboxy * toluene - azo • toluic acid 
5:2:lJC.iII;,Mf(C(\H)-N2—C,;iL,MeC02lI[l:5;2]. 
izO’p-toluic acid. [184 ]. From nitro-p-toluic 
icid by sodium amalgam (Fittica, D. 7, 1358). 
rlinuto yellow needles; m. sol. boiling water, 
sol. alcohol. 

p • Chloro-benzene - azo - benzene p-sulphonic 
•cid [4:1]CJI,CI--N2-CJI.(S0,H) [1:4] [148°1. 
formed by warmingp-chloro-azo-benzene with 
uming sulphuric acid (10 p.c. SO3) at 60°-.70°. 
Irown needles; v. e. sol. water and alcohol. It 
s reduced by SnClj to ;)-chloro-aniline and p- 
ulphanilic acid. 

Salts.—A'Na: largo orange-yellow pearly 
dates or small needles; si. sol. cold water.— 
L'jBa: glistening flesh-coloured needles.-- The 

Mg, Ca, Ag, Cr, and Fo, salts are wliilo to 
lark-yellow needles; the Cu salt forms green 
dates; all are sparingly soluble. 

Chloride C,H,CbN.,.C,H,.S02Cl: [130°]; 
'listening red prisms, easily soluble in alcohol 
ind ether. 

Amide CJI,Cl.N2.CJI,.SO..NH2: [2ll°]; 
yellowish • brown prisms ; sol. hot alcoliol, 
iparingly in ether and cold alcohol, insol. water 
Mentha a. Heuraann, B. 19, 2972). • 

m-Chloro - benzene - m-izo - cbloro - benzene 
1:3] C,H,C1—Nj—C„H,C1 [1:3]. Azo-chhro- 
Seyizene [101°]. Obtained by acting with FeXlg 
)n ?M-di-chloro-hydrazo-benzene in alcoholic 
lolution (Laubenheimer, B. 8, 1025). Orange 
leedles (from alcohol). 

p-Chloro-benzene-p-azo-chloTO-benzene 
;4:l]C.H,Cl-Nj—C,II,C1 [1:4]. [l«t°J. Fromp- 
shloro • l^Dzcne •p • azo • nitro • benzene and 
zlcohoUo potash (Willgerodt* B, 15, 1002); or 
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from di-ohloro-azozybenzeno and faming II 3 SO 4 
(Heumann, B. 6 , 913, 916). Yellow needles. 

p • Chloro • beniene • aio • ehloro -benzene snl* 

phonic acid [4:1] C«H,C1.N3.C„H3C1.S03H [1:4:?]. 
Prepared by sulphouation of the preceding body 
(Calm a. Heumann, B. 13, 1183; 15, 2558). 
Slender reddish-yellow needles. Sol. water and 
alcohol. Salts.—A'Na: golden plates, si. sol. 
cold water. — A'K: reddish-yellow glistening 
plates, sol. hot water, ,and alcohol.—A^Ag.— 
AUla; yellow crystalline pp.~-A'^Ca: golden 
yellow plates.—A'.,Pb : orange glistening plates. 

Chloride C,.;h,CLN„SO,CI : [101°]. Long 
orange-red needles. 

Chloro • benzene • azo ■ chloro - phenol 
[3:1] Cl.C^H, N., 0,11301(011) [1:3: ?]. [116°] 
Formed by tlio action of fuming ILSO* on 
w-di-chloro-ozoxybcnzcno (Schultz, B. i7, 406). 
Brown plates. 

Chloro benzene-azo-ohloro-nitio-benzene 
[1:1] C,1I,C1-N,.—CJI^GHNO,.) [1:4:?]. [210°]. 
Iheparcd by reducing di-chloro-nitro-azoxy- 
benzene with cold alcoholic NHjHS (Calm a. 
Heumann, B. 13, 1184). Yellow needles. Si. 
sol. alcohol. 

m • Chloro • benzene - azo - di - methyl - aniline 
[3:ljC,H,Cl-N2—C,II,NMe..[l:4]. [98°]. Yellow 
plates. Tolerably soluble in alcohol. Pre¬ 
pared by adding sodium nitrite (1 mol.) to a 
solution of m - chloranilino (1 mol.) and di- 
methylaniline (1 mol.) in dilute H.SO, (Staedcl 
a. Bauer, B. 19,1955). 

p-Chloro-benzeno-p-azo-Dltro-benzene 
[1:4J C,H»CI.N2.0,H^(N02) [1:4]. [133'^]. Formed 
by nitration of p-chloro-azo-benzeiio with fuming 
HNO3. Yellow needles ; v. sol. acetic acid and 
hot alcohol, si. sol. cold alcohol, insol. water, it 
is reduced by SuCl.^ to p-chloro-anilino and p- 
phcnylcne diamine (Mentha a. ileumano, B. 
19, 2971). 

pChloTO-benzene-azo-phenol 
C,n .Cl-N. - C,H^(OH). [152’’]. Formed by 

gently warming p-chloro-diazo-bcnzene-chloro- 
anilide with phenol, p-chloranilino being elimi¬ 
nated. Beddish-yellow needles (Heumann a. 
Occonoinides, B. 20, 900). 

Cumene-azo-cumene FrCJI^—C,H,Pr. 
Azo-cumctie. [108°]. From nitro cumene, [- 35°j, 
by Bodium-amalgam (PospekliolT, J. It. 1880, 
40). Thin yellow leaflets, si. sol. cold alcohol. 

(f<-Cumene-azo-4'-cumenot 
[2:4:5:l]C,lL(CH3)3.N2.C,H(CH3),.OH[l:3:6:6:2]. 
[148^]. Formed by combirnng di-azo-cumene 
chloride (from i^.cumidinc!) with ^'■cumenol [70°] 
(Liebcrmann a. Kostan'‘'/cki, B. 17,885). Orange 
needles. Insol alkalis. Dissolves in ILSO. 
with an orange colour. No nitrogen is evolved 
on boiling with HCl. 

i^-Cumene-azo-4'-cuimdlne 
[2:4:5:1] C,il2Mc3.N2.C,aMe3.Nnj [l:2:4:6:e]. 
[139°J. Prepared by the action of cumidine 
hydrochloride upon diazo-cumeno-cumide (di- 
azo-amido-cumonc) dissolved in cumidine (N5l* 
ting a. Baumann, B. 18,1147; Bl. [2] 42, 33.5), 
Orange plates (from alcohol). V. sol. other. On 
reduction with SnCl.^ it yields cumidine and 
cumylonc-o-diamine. Salt.—B'HCl: yellow 
crystalline powder; readily loses its HCl; dis¬ 
solves in x>hcnol with a yellowish-brown colour. 

Cnminlc-azo-cuioinic acid 
PrC.H,(C0aH)-N,-0.H,Pr.C0,H. [280°]- From 
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nitro-miolnid aeid and goditua-unilgam 
/Alexdeff, Bl [2} 88,862; 42, 821; J. B. 1882, 
108; AlexdeS a. Etasal, Bl. [2] 40.72). 

Ethers.~Me,A".[lCO’].-lSt,A".[104'>-108‘>j. 

Cymene-azo-cymeno 

C,H,Merr—N.,-C,H,MePr. [SB®]. From nitro- 
cymeno by sudium-aiiml^'am (Worigo^ 2. 1BC4, 
721). Clicrry-coloured plates. 

£t1iyl > amido - benzene - azo - benzene • p • 
•nlphonic acid [4:lj C«lI,(SO,n).N,.C„H,.NIIEt 
[1:4]. p - Snli'ho - benzene • azo • ethyl • aniline. 
[o. 244®]. Obtained by combining p-iXi&zO' 
benzene-sulphonio acid with ethyl-aniline in 
acid solution. Steel-blue needles. Nearly iiisol. 
alcohol and cold water, si. sol. hot water. The 
sodium suit {Na.\') forms orangc-red plates. On 
reduction with it yields rnono-ethyl-p- 

phcnylcnc-diumine iiiul jj-sulphanilio acid 
^Uernthsen a. Goske, B. 20, 020). 

Bi - ethyl • p - oniido - benzene • azo > di - ethyl • 
anUineC,ll,{N);t,)- N,—C„H,(NEt,). BUthyl- 
amline-azyline. [170®]. Prepared by passing 
NO througli an alcoholic solution of di-ethyl- 
aniline ; yield BO p.c. of tho tiieorctical. Itod 
inonoclinic crystals, n:B:c-l:*7J08:*9403. /3=s 
00® 30'. V. sol. chloroform, si. sol. cold alcohol. 

Jieaclions.—l. Nitrons acid acting on the 
acetic solution gives ^-nitro-di-ethyl-aniline.— 
2. On reduction it yields ^-di-ethyl-^Kphenylcne- 
diamine.—3. Ifcatod with ethyl iodide at 100® it 
gives tctra-ethyl- 2 >-phenylene-diamino.—4. Mcl 
at 100® gives di-uicthyl-di-ethyl-^J-phenylone* 
diamine. 

Salts.—B-'HXhPtCl,: small brownish-red 
trimetrio tables.—Perrocynnidc B" 2 H^P'eCyj: 
brown plates.- -P i c r a t o OJsOB)^: 

yellow sparingly soluble needles (Lippmann e» 
Fieissner, B. 15, 2130; 10, 1415; M. 3, 286, 
788). 

IH*ethyNaiaido-benzene-azo-tolaidine 

Acetyl derivative 

[4:1] CflH^(NEt 2 )-N 2 —C,H,Me(NHAo) [1:6:3]. 
[159®]. P'romdiazotised acetyl-tolylcno-diamine 
C.H.(NHJM6 (NHAo) [1:0:3] and di*othyl-aniUne 
{Wallach, A. 234, 359). 

o-£thyNbenzene-o-azo-ethyl>benzene 
f2:l]C«H,(C2n,)-N2-C,H,{CJl,)[l:2].[47®corr.]. 
Formed by reduction of o-nitro-cthyNbenzeno 
with zinc dnst and alcoholic NuOH (Schultz, B. 
17,473). Long red dimetric prisms, a:c = 1: ‘OfOS. 
V. sol. alcoliol. By treatment with SnCL and 
HClin alcoholic solution it yields a di-amido-di* 
etbyl-diphenyl. 

j}-£tbyl>bonzene< 2 >azo-ethyl-benzene 
[4:ljC,H,(aay-N2-C,H,{Cdg[l:4].[03®corr.]. 
(above 340°). Ponned by reduction of j)-nilro- 
ethyl-benzcne with zinc-dust and alcoholic 
KaOB (Schultz, B. 17, 475). Orange-red plates 
or thick prisms. V. sol. alcohol. By treatment 
with SnOh and HoHO, in alcoholic solution it 
yields a di-amldo-di-ethyl-diphenyl. 

l>-£tbyl-phenyl. amido-benzene-j) • azo • ethyl- 
di-phe&ylamine 

[4:1] CsH,NEtPh—Nj—C«H,NEtrh [1:4]. [178®]. 
From etbyJ-iU-phenyl-aininoand NO (Lippmann 
a. Fieissner, iir.4, 790). Wonoclinio red crystals. 

Sthyl-pyrrol-azo-(0)-naphthalene 
C,oHj.NM.C,ll.,NEt. [74®]. Obtained by adding 
4iS)*diazo-nftphthalcne chloride (1 mol.) to ethyl- 
pyrrol (1 mol.) dissolved in alcohol containing 
t^uzn acetate. Thick red tables. Sparingly 


idlabla is dilate HOL DissolTes in eoho. H,80« 
with a dark reddish-yellow colour. The pls^o* 
chloride forms small sparingly soluble red 
needles (0. Fischer a. Hepp, B. 19,2258). 
£thyi-pyrrol-aso-n-tolaene 

aH,Me.N2.g-CH 
C,H,Me.Na.O,H,NEt probably ^fEtl 

HG»CH 


[02®]. Formed by adding j)-diazo-toluene 
chloride (1 mol.) to an alcoholic solution of 
ethyl-pyrrol (1 mol.) containing sodium acetate. 
Thick red prisms. Dissolves in cone. H^SO^ with 
a yollow colour, in dilute HCl with a reddish 
yellow colour. The platino-chloride forms 
sparingly s.oluble red needles (0. Fischer a. 
Hepp, B. 19, 2257). 

lodo-carbozy-benzone-azo-iodo-benzoio aoid 
CJl 3 l(CO,,n)-N 2 —Cjy(C02lI). AzoMo-bm- 
zoic acid. From m-amido-benzoio acid, iodine, 
and IJgO (Bencdikt, B. 8, 380). 

Mesitylene-azo-mesitylene 
C„Il 2 (CH,), -N.,- C,H 2 (CHa) 3 . ^ Azo - vmitylene. 
[75® corr.]. Prepared by oxidising an aqueous 
solution of mesidino hydrochloride (5 pts.) with 
a solution of 45 pts. of potassium ferricyanide 
and 10 pts. of EOH fScliultz, B. 17,470). Thin 
red needles. Sol. hot alcohol. It does not 
appear to yield a hexa-methyl-bcnzidine by 
treatment with SnCl^ and HCl in alcoholic 
solution. 

Methyl - amido • benzene - azo - benzene - sul* 
phonicacid[ 4 :l]CJI,(S 03 H).N 2 .C..H,.NHMe[l: 4 ]. 
P’Sulpho-benzene-azo-mcthyl-anUine. Obtained 
by combining p-diazo-benzene sulphonic acid 
with methyl-aniline in acid solution; yield 30 
p.c. of theoretical. Also formed by tho action 
of cold dilute acids upon p-sulpho-diazo-bonzcne- 
niothyl-onilide CJl 4 (SO.,H).N 2 .NMeC^iIj^. Steel 
blue needles, si. sol. water. Tho sodium-salt 
(A'Na) forms large orange-red plates, v. sol. hot 
water. On reduction with (N1J,).S it yields p- 
sulphanilic acid and mono-metliyl-j^-phonylone 
diamine (Bernthsen a. Gosko, Ti. 20, 925). 

Bi-methyl-amido-benzene-azo-benzene-salph' 
onio acid [4:1] C,H,(NMe 2 )-N 2 -C,H,SO,H 
[1:4] Helianthin, or Orange III. 

Vreparation. —1. From dimcthylaniline and 
p-diazobenzeno sulphonic acid (Gricss, B. 10, 
525).—2. Dimothylamido-azobenzcne (1 pt.) is 
dissolved in 20 pts. cold sulphuric acid of 80 p.c. 
anhydride value and allow'ed to stand for 24 
hours (Mohlau, B. 17, 1191). The absorption 
spectrum has been mapped by Hartley (C. /. 
51,192). 

Bi-methyl-aznido-benzene-azo-benzoic acid 
[4:1] C,Il,NMo 2 -N 2 -C,H^.COiI [1:3]. From 
di-methyl-aniline and m-diazo-benzoio acid 
(Gricss, B. 10, 526). 

Bi - methyl - amido - benzene - azo-di-methyl« 
aniline [1:4] C,H,(NMe 2 )-N 2 -C«H^NMej [1:4] 
[260-']. Limethylaniline-azylinc. Bed needles. 

Formation. —1. By diuzotising p-amido-di* 
methyl-aniline and combining the diazo-com* 
pound C„H 4 (NMe 2 ).N 2 .Cl with dimethylaniline 
(Nolting, D.‘ 18, 1143).—2. By passing NO 
through an alcoholic solution of di-methyl- 
aniline for several days. 

licactions.—l. Nitrovs add acting on the 
acetic acid solution gives p-nitro-di-meihyl* 
aniline.—2. On reducti&n it gives tt-di-methyl-p* 
phenylene-diamine. 
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\ SAUi^^'HtOltPtOt,: 4{ohroio oT^Btaltine 
J)Owder,— Plorate B"oA(NO^,OH+C)iiOH: 
gUateniog green needles (Lippmann a. Fleissner, 

B. 15,3136; 16,1415; M, 3. 708). 

IH-metbyl>ainido>benzene*aso-p-tolaexie 

C, H^N,-C 8 H<.NMe 2 . [168°]. Golden plates. 
Easily soluble in alcohol and ether. 

Preparation .—A solution of 65 pts.ot NaNO, 
flOO p.c.) and 35 pts. NaOlI in 465 pts. of water 
IS slowly added to a cooled solution of 100 pts. 
of p-toluidine, 113 pts. of diincthylaniline and 
200 pts. of !1G1 in 300 pts. of water. 

On reduction it yields p-toluidino and di- 
mcthyl-P'phenylcnc-diamine. The hydrochloride 
and sulphate form violet prisms, giving a red 
solution in alcohol (Mohlau, B. 17.1492). 

I)i-methyl>amidobeQzene-aso -p- tolaene-sul* 
phonic acid C 7 Hj{HSO,).N 2 .C„H 4 .NMe 2 . Formed 
by the combination of p-diazo-toluene sulphonic 
acid {Me:HSOj:N 2 » 1:3:4) with dimethylaniline 
(Mohlau, B. 17, 1493). Dark-violet prisms. 
Soluble in water and alcohol with an orange 
colour, insoluble in ether. The sodium salt 
forms orange glistening plates. 

Di-methyl-amido-benzene-azo-tolnidine 
[4:1] C«H,(NMo2)-N2-CJl3Mo(NIL) [1:6:3] 
[145°]. From its acetyl derivative [200°] which 
is formed by the action of diazotised-acetyh 
tolylene-diamine C^HaiNH^lMciNHAc) [1:6:3] 
upon di-methyl-aniliuo (Wallach, A. 234, 355). 

Bi-metbyl-amido-benzene-azo-tolaidine 
[4:1] C.HdNMe.;) -Nj - C.HjMeiNH.,) [1:4:3] 
[215°]. From its acetyl derivative, [192°] which 
is formed by the action of diazotised acetyl- , 
tolylene-diamine C„H.,(NH 2 )Me(NHAc) [l-l;3j 
upon di-mcthyl-anilino (Wallach, A. 234, 359). 

p-Methyl-phenyl-amido-benzene-azo-metbyl- 

di-phenyl-amine 

[4:1] OJI.NMoPli.N 2 .C„H,NMoPh [1:4] [150°]. 
Yellow crystals, got by the action of NO on 
mothyl diphcnyl-amine (Lij^pmann a. Fleissner, 
M. 4, 798). 

(a)-Kaphthaleiie-(a)-azo-naphthalen 6 
[a] C,„H,.N 2 .C„H; [aj. [190°]. Prepared by 
boiling diazo-naphthalcno-azo-naphthalcnc with 
alcohol: 1 pt. of naphthalcno-azo-naphthylamine 
is dissolved in 100 pts. of 95 p.c. alcohol and 
6 pts. of ILSO 4 are added; the still warm solution 
is then treated with a saturated solution of (1 
mol. of) NaNO,; tho fluid is heated and finally 
boiled lor a few hours, and the azonaphthalene 
precipitated by water. It is recrystallised by dis¬ 
solving it in hot aniline and adding alcohol 
(Nietzki a. G 0 II, B. 18, 298, 3252). Stccl-bJue 
crystals. Sublimes in thin yellow plates. Soluble 
in aniline, sparingly in alcohol. It dissolve:^ in 
cold HmSO, with a blue colour, but on heating 
the solution to about 180° it becomes violet and 
exhibits a rod fluorescence, lly alcoholic NM,HS, 
or zinc-dust and alcoholic KOH,it is reduced to 
hydrazonaphthalene. 

(a)-naphthalene-(/3)-azo-naphtlial6n6 
[a]C,pH;.N2.C,oH,[3]. [130°]. Obtained by diazo- 
tisation of f3) naphthalene-^-azo-(a)-naphthyl- 
amino and boiling with alcohol. Park-brown 
plates with steel-blue reflex. Sol. alcohol, acetic 
aoid,<&c. Dissolves in cone. H^SO, with a violet 
colour (Nietzki a. Gottig, B. 20, 612). Laurent’s 
naphtnaso [275°], got by heating nitro- 
na^thalene with zinc dust, or (a) naphthyl- 
amiae with PbO, has been regarded as naphtha- 


lene-azp-naphtbalene, bot Witt has lately (B. 
19, 3794) shown it to be an azine c. 

(a3)-MAPHTUAZXMB (Laurent, A, 109, 884 ; Doer, 

B. 3,291-; Alex4eff, B. 3,868; Schichuzky, B. 5, 
365; Klobulowsky, B. 10, 570, 772, 878). 

Kaphthalene-p-azo-(a)-naphtbol 

C, oH,—Ng—Oj^H^OH. Formed by adding di- 
azo-naphthalenc chloride to a solution of (a)* 
naphthol in NaOIIAq; it is ppd. by HOI. 
Crimson powder. Soluble in alkalis forming 
crimson solutions (P. F*. Frankland, C. J*. 37, 
752). 

NaphthaIene*o-azo-(/3)-naphthol 
C,oH,—Nj—CjuH,(OH. [176'^]. Formed by diazo- 
tising (/3)-amido-azo-nn})hthateno and heating 
the diazo- compound with water (Nietzki a. GoU, 

B. 19, 1282). Sublimes in glistening golden 
needles. 

(a).Naplithalene-(a)-azo>(a)-naphtliylanun6 
C„H,-N 2 ~C,*H,.NH 2 . [180°]. Pr<*parod by 

adding KNO^ (1 mol.) to a dilute solution of (a)- 
naphthylamino hydrochloride (2 mol.) and 
making the mixture slightly alkalino with 
Na-CO, (Perkin a. Cliurch, A. 129, 108 ; Nietzki 
a. Goll, B. 18, 298). Hartley {0. J. 51, 190) has 
mapped the absorption-spectrum. -D'iHOI.— 
B'HCl.—B'2HC1. -B'.iLSO,. 

(d)*Naphtbaleno-j)-azo-(a)-naphthyIamine 

C, oH,.N 2 .C,»H...NH 2 [152°]. Formed by mixing 
aqueous solutions of equal mots, of (8)-diazo- 
naphthalene chloride (from (iS)-naplil))y]amine) 
and (a)-naphthylamiDehydrnchlori(l(;. Yellowish- 
brown needles with green rcllox (from alcohol). 
The base and its salts are far moic soluble than 
the (a).azo-(a).naphthalcnc. H.SO, dissolves 
it with a violet colour (Nietzki n. Gottig, B. 
20,612). 

(^)-Kaphthalene-azo-(3)-naphtbylamine 

/NH 

I or C.pH,.N 2 .C.„H,.NIl 2 [149°1. 

\N2H.C,„H, 

Reddish-yellow needles. Easily soluble in ben¬ 
zene and acetic acid, insoluble in water. Formed 
by the action of amyl nitrite upon (/l)-naphthyL 
amine. The absorption-spectrum has been 
mapped by Hartley (C. J. 51, 191). 

lieaciions. —l. By heating witli dilute H^SOp 
(20 p.c.) it is decomposed with evolution of 
nitrogen.—2. On reduction witli SuCl,. it yields 
(3)-naphthylamino and (l;2)-naplUhyicnodia- 
mine.—3. Treated witli bromine in alcoholio or 
acetic acid solution it is converted into di-bromo- 
(3)-naphthylamine and a brominated 3-naphthol. 
4. Maybe diazntised in the following manner: 
15 grins, of the amidoazonaplitliuJeno are finallv 
suspended in a mixture of 90 grms. H 2 SO, and 
90 grms. of water, cooled with ice and slowly 
treated with a concon'rated solution of 5 grms. 
sodium nitrite. Tho diazo- compound is very 
unstable (Nietzki a. Goll, B. 19,1281). 

Aeetyl derivative Capn,,N,Ao [218°]; 
prisms; easily soluble in benzene, sparingly in 
alcohol and petroleum-spirit. 

Benzoyl derivative CjoHj^NjBz [177°]? 
silky red needles; easily soluble in benzene, 
sparingly in alcohol and petroleum-spirit (Law- 
son, B. 18, 2422). 

(a)-Naphthalene-azo • - naphthylene - dia¬ 
mine Cioli,—N,—Prepared bytha 
action of (a)-diazonaphthalene chloride on peri^ 
naphthylene-diamine (Stebbius, jun., B. 10 , 
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717 $ a 27. 41» 117 ; A. 0. /. 1,445). Sol «Ioo- 
koi, Insol. wator.—B'HOl: si. sol. wsteri m. sol. 
alcohol with a brown colour; dissolves in strong 
UgSO^ with a blue colour. 

(iS)-Naphthol-azo>naplithaleQe snlphonio acid 
C,oH,(01I) -N,- C„n,K();,H. From (/3).nai)h. 
thol and (a)>diazo-riApiitlialcnc sulphonic acid 
(W. V. Miller, B. in, 2«8). 

(a)-Naphthol>;>azo-diphenyl sulphonic acid 
C,„H,(OH) - N,-C,,H,.SO,II. From (o)-naph- 
thol and ;}-diazo-dipli(*nyl sulphonic acid (Car- 
nclley a. Schlevolmann, C. J. 40, il-sn).- NaA': 
dyes wool brown - liaA'.j. 

(/3)>Kaphthol>p*azo-diphenyl sulphonic acid 
C„H„(On)-N, -C,,H,.S 03 n. From (i8)-naph. 
thol and p-diazo-diphcnyl sulphonic acid.— 
NaA': bright red pp., si. sol. cold, v. sol. hot, 
water; dyes wool rod. ~ BaA'.^ (Carnclley a. 
Schlcvelnmnn, C. /. 49, 381{). 

o-Nitro-benzene-azo-acoto-acetic acid 

c«n,(NO,) N., cii(co.cnj.co,H. [iss®]. 

Obtained by sai^onification of the ethyl-ether 
which is prepared by the action of o-nitro-diazo- 
benzeno chloride on an alkaline solution of 
acoto-acetic ether (Bamberger, Ji. 17, 2415). 
Glistening brown plates. V. sol. acetic acid and 
hot alcohol, V. si. sol. ether and cold alcoJioi. On 
healing it evolves CO,, and yields o-nitro-ben- 
zene - azo - acetone CaH 4 (NOJ.N 2 .CH..CO.CHj. 
The same decomposition is produced by heating 
with alkalis. 

Salts.—A'NH,**: yellow needles.—A'Ag : 
crystnllino pp. - A^Cu*: green pp., sol. hot 
water. -AUta**: yellow needles.- A'jHg : glis¬ 
tening plates. I 

Ethyl ether A'Et [93°], glistening yel- j 
low platf^s or fine needles, sol. alcohol, ether, | 
acetic acid, and hot wator. I 

o«Nitro-benzeu6-azo-acetone 
CJl 4 (NO, 2 )-N 2 -CII-,.CO.CU 2 . [124°]. Fonned 
by heating o-nitro-ben/.one-azo-acoto-acetio ac.id 
to its nu'ltiug-poiut, or by boiluig tlm acid or its 
ether with alkalis. 

Preparation. — o-Nitraniline dissolved in 
absolute alcohol is diazotised by passing into 
the well-cooled solution a stream of K^O,, the 
product is poured into iced wator, the solution 
filtered and mixed witliout cooling with a dilute 
solution of acetacctic ether (1 mol.), and KOll 
(1 mol.), after mixing the llnid must bo aci<l, it 
is digested at about 40° for 40 hours, tho red pp. 
is then filtered off and puriiied (Bamberger, I). 
17, 2418). Long silky yellow needles. Easily 
soluble in hot water, alcohol, ether, tfre. 

( o-Nitro-beozene-azo-acetophenone 
[2:1] 0,11,(NO..) -N.2- (1 r..CO.C,H,. [141°]. 

Formed together with o-nitro-bonzone-azo-ben- 
zoyl-aootic other, by adding a solution of o-nitro- 
diazo-benzene chloride to an iced alkaline solu- 
tion of benzoyl-acetic ether (Bamberger a. Cai¬ 
man, B. IB, 2505). Glistening yellow needles. 
Easily soluble in ordinary solvents. 

tn-Nitro-benzeue-azo-aniliae 
[3:1] NO...C,n,.N 2 .C,II*.Nll 2 [1:4]. [c. 210°]. 

From diazotised w-iiitraniline hydrochloride and 
• anilinu hydrochloride (Meldola, 0. J. 45, 112). 
** ‘‘range fern-like leaflets (from alcohol). Insol. | 
^ .^orand diluto acids; forms yellow solutions in ! 

acetone, and benzene (Meldola, C. J. 43, j 
4 p)-(U^ On reduction it gives m-andp-phenyleue- i 


Vitro-beniea«-aio*1)0nsan« talphonio aold 

[8:1] C,H4(N02)-N,-0.H,S0,H [1:4]. Fron» 
benzene-azo-benzene sulphonic acid by nitratiozk 
(Janovsky, M. 3, 605; 8, 60).-KA‘.~BaAV— 

PbA'a. 

Nitro-benzene-azo-benzese sulphonic aoid 
[4:1] CJl 4 (N 0 . 2 )~N 2 -C,H 4 .S 03 H [1:4]. Formed^ 
together with tho less soluble isomcride just de¬ 
scribed, by heating benzene-azo-bonzene p-sul- 
phonic acid with nitric acid (S.G. 1‘41). Leaf¬ 
lets.—KA' (Janovsky, M. 3, 50C; 5,157; B. 10,. 
1480). Ammonium sulphide reduces it to am 
ainido • benzene - azo • benzene sulphonic acid 
which is different from that formed from diazo- 
tised sulphanilio acid and p-phonyicno-diamine,. 
although on complete reduction it gives sul- 
phanilic acid and p-phenylene-dlamine. 

Bi-uitro-benzene-azo-benzeae-salphonic acid 
[3:4:1] C,H3(N0.2)2—N..-C,H4.S02H[1:4]. From, 
either of the two preceding acids or from l^nzene- 
azo-benzene sulphonic acid and nitric acid (S.G* 
1*45). Orange loaHcts.-K.V.—BaA'j: S. 7 at 
08° (Janovsky, M. 3, 507; 5,157). 

o-Nitro-benzene-azo-benzoyl-acetic acid 
[2:1]C,H4(N02)—N^—CH(C0.C,HJ.C02H.[177°] 
Its elliyl-ether is formed, together with o-nitro- 
benzeuc-azo-acotophenone, by adding a solution 
of o-nitro-diazo-benzeno chloride to an iced 
alkaline solution of benzoyl-acetic ether (Bam¬ 
berger a. Caiman, B. 18, 2505). Long, yellow 
silky needles. SI. sol. alcohol and ether. By 
long heating at its melting-point it loses CO.^ 
giving o-nitro-benzene-azo-aceto)>licnonc. 

Oxim C,4H,„N2(N02)(C02ll)N0H [142°] 

orange-yellow neodle.H. 

m - Nitro - benzene > azo - m - chloro -di-methyl- 
aniline [3:1J CJldNO-d.Nj.C^HaCl.NMo. [1:2:4] 
[150°]. IVcparcd by adding sodium nitrite (1 
mol.) to a solution of m-riitranilino (1 mol.) and 
?n-chloro-di-methyl-anilino (1 mol.) in dilute 
Il.SO, (Stacdel a Bauer, B. 19,1950). Ileddish- 
yellow plates (from alcohol). 

p-Nitro-benzene-azo-di-methylaniline 
[4:1] NO.,.C,n 4 .N...C,H.NMo 2 [1:4]. [230°]. The 
hydrochloride is deposited as crystals with steel- 
blue reflex when aqueous diazo-p-nitro-benzeno 
cliloride is added to aqueous dimethylaniliuo 
hydrochlorido (Meldola, C. J. 45,107). 

Woper/rcA*.-Chocolate-brown powder, slightly 
soluble in alcohol whence it separates as brown 
needles. Solutions are orange in benzene and 
in glacial acetic acid, orange in cone. H^SO., 
red on dilution. Salt.—(B'HCl). 2 rtCl 4 . 

f7{-Nitro-benzene-p-azo-dimethylaniluie 
[3:1] NO,..CJl 4 .N 2 .C,H,NMe 2 [1:4]. [169°]. From 
N02.C,Il4N.,Cl and CJI^NMejIICl (Meldola, C. J. 
45,120; Staedel a. Bauer, B. 19, 1954). Orange 
crystalline powder. Solutions in alcohol, ben¬ 
zene, acetone, and glacial acetic acid, arc 
yellowish-orango; in cone. HjSO, pale orange, 
turned red by dilution. After reduction by HCl 
and zinc-dust, Fc-^Cl^ forms a blue dye. 

m-Nitro-benzene-azo-(a)-napbthol 
[3:1] C,H4(N02)-N,—C,^I,OH [1:4]. From m- 
diazo-nitrovbenzene and (a)-naphthol (Stebbins, 
jun., A. G. J. 2, 440). Brown pp., sol. water. 

p-Nitro-b6nzen6-azO‘(a)-naphtbol 
[4:1] 0«H4(N02)—Na—C,„H,on [1:4], From 
p-diazo-nitro-bonzene chloride and an alkaline 
solution of (a)-naphthol fMeldola, 0. J. 47, 661). 
Dull red powder, melts aoove 360°. V. soL 
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idling sleobbl. H^O, Uam» t violet loltitioa; 
bt MeOHAq gives s blue oolotir, 

I m-mtro-banieBe-ase-{i3)-iiapbthol 
,k;l] 0^.(N0J-N,-0,X0H [1:2] or 

I [104®]. From m-diazo* 

itro-bonzene chlorido ftinl an alkaline solution 
f (j9)-naphtliol (Meldola, C. J. 47, l»0y). Lustrous 
range scales (from toliienr). Insul. aqueous 
Ikalis; sol. alcoholic KOU. H.SO, gives a 
2 ^'onta red solution. It is not reduced by 
ammonium sulphide. 

|).Nitro<bcnz 6 ne-azo-(/))-naphthol 
[4:1] CJI,(NO,)-N,-C,„ll,OH (?) [1:2]. [219®]. 
From p-diazo-nitro-benzene chloride and sodium 
(^)‘napbthol (Meldola, C. J. 47, C03). Orange 
needles. Insol. hot NiiOHAq. Cone. 

'gives a magenla-red solution. 

m'Nltro-benzene-azo. ( 3 ) -naphtbol-diBulpho- 
^oacid[:J:l]C,II.(NO,,).N,.C,„H,.(SO;,II),(OI])(?). 
fcepared by acting on di-azo-?/i-Tiilro*benzfnc 
^ith (j 8 )-naplithol <lisnlplinnic acid in alkaline 
lution. V. sol. water; dyes an old gold colour 
tebbins, jun., A. C. J. 2, 410). 
w-Nitro-bon 2 ene-(a)-azo-(a)*naphthylamine 
1:1] NO,.0,H-N„-C,oHa.NlI.. [1:4]. [203®]. 

rom NO...C,,H,N..Cf and 0. Jl-Nll JICl (Meldola, 
C. tr.45,lM). ' ‘ ' 

Properties .—lied needles. Solutions in al¬ 
cohol, acetone, and benzene, arc orange; in 
acetic acid, red; in cone. ILSO, violot-red turned 
red by dilution. Coinplotely decomposed by 
aminoitic sutpliide. 

;>Nitro-benzene-a 20 -(a)-naphthylamine 
[4:1] N0,.C,1I,.N,.C,„11,N1L [l:4J. [252®]. 

From aqaeous p-nitro-diazu-benzeno chloride 
and alcoholic (o.)-naphthylainirie liydrochlorido 
(Meldola, C. J. 43, 430). Jlrown noedU'S (from 
benzene). Forms a crimson alcoholic solution. 
(B'HCl)aPtCl,,. Salts hardly soluble in alcohol. 

Ilcuclions .—lioduces to ^j-phenylene-diamine 
and (a,a) naphthyicne-diamine. 

m-Nitro-benzeiie-azo-(/3)-naphtliylamine 
[3:1]C,H,(NO,)~N,-0 ,oII«(NII^ or 
NHv 

I >c.on«. 

0,H,(N0,.)-N..H/ 


(aH*(jrOa)-N.-o;Br.:NOH),(r) [*i 8®3 of 
the sodium salt is blue. It is re-ozidised by 


add ; 
which'th 

KjFeOy, to p-nitro-benzene-azo-jp-nitro-benzene* 
m-Kitro-oenz6&e-aco-m>nitro-b6nzene 
[8:1] C,H,(N 0 ,)-N 5 -C«H,(N 0 ,) [1:3]. A red 
oil, formed in the preparation of the preceding. 
(Janovsky, ilf. 6 , 455). Ammonium sulphida 
and NaOlI give a violet colour. 

o-Nitro-bonzeue/j-azo-uitro-benzene 
; [- 2 : 1 ] C«U,(NO,)-N,-C,.n,l> 0,) [1:4]. [203®]. 
j From nitro - benzene - o - azo - nitro - benzene 
(.Tanovsky, jlL 7,131). Orange laininji>. Alcoliolio 
aiiiiuonium sulphide mixed with NuOll .\q gives a 
pcnniinent blue. 

Nitro-benzcne-azo-nltro-benzene 
C,Jl,(NO,) -N 2 -C,II,(Na,) [1:4]. [205°]. A 

by-product in the nitration ol bonz.no-azo-ben- 
i zene-p-sulplionic aeid (.Tanovsky, df. 7, 132), 
j Orange laminju. Aininonium sulphide and NaOH 
! gives a poYinanenl blue nitrolale. 

I Nitro«benzouc-azo-nitro-benzcno 
C..II.(NO,)—N 2 -C,I 1 ,(N 0 ,). [180 ]. A product 
of nitration of benzone-azo-benzeno (Janovsky, 
M. 7,131). Pale, ashostos-like, n(.;«!<llos. Ammo¬ 
nium su1i>hido and NaOIX give a blue nitvolato 
chiiTiging to brown. 

Nitro-benzenc-r.zo-di-nitro-bonzciio 
[4:l]CJI,(NO,,) -N,.-C,IMNO,),,[l:2:3or5or«] 
or[l:;{:5]. [112-']. Formed by n Ural Ion of lienzeue- 
azo-bonzeno (PctrielT, /i. [2j 0, 501) or benzene- 
I azo-p-nitro-benzene {.lanovsky, M. 7, 125). 

I Yellow noodles. Boiling with a mixture of 


[177®]. 


From 


alviobolic NaOH and aqueous aminonimii sill- 
pbido gives a greerj colour, oluuigin'' to brown. 

Nilro-honzone-azo-di-nitro-beuzeno 
[3:1]C,dr.(NO,) -N,- (;,n,(NO,),[1:3:1]. [170®]. 
Formed by nitration of benzene-yj-azo - nitro- 
buiizeuo or m - nitro • benztuie - - a/.o - niiro- 

benzeno (Janovsky, Jlf. 7 , 1211 ). Yellow tables. 
Alcoholic ammonium sulphitle and aqueous 
NaOH give an olivo-green colour, turning brown. 

Nitro • benzene - azo -di - nitro - benzene 
[3:llC..H^(NO,)-N,—C,,n,(NO,),[l:3:2or5or6]. 
[121®]. Formed by nitrating ^u-nitro-bcnzene- 
in • azo - nitro - benzene (J.). Y'dlow prisms. 
Nitrolio reaction : emerabl-grcen changing to 
orange. 

Nitro-benzene-azo-di-nitro-benzene 


NOj.CgH^.NXl and (/3)-naphthylamine. Splendid 
orange needles. Solutions in toluene, chloro¬ 
form, and glacial acetic acid, are orange ; in 
alcohol and in acetone, orange but turned red 
by HGl; in cone. H^^SO^, violet (Meldola, 0. J. 
46,117). 

p-Nitro benzone-azo-(/3)-naphthylamino 
[4:1] NO,.C,n,—Na—0,„HaNH2 (?) [1:2]. [180®]. 
From aqueous p-nitro-diazo-benzono chloride 
and aqueous (dj-naphthylamino hydrochloride 
Meldola, 0. J. 43, 420). Needles, with golden 
ustre (from alcohol). Its solutions inalcofml, 
acetone, and chloroform are red, in benzene ami 
toluene, orange, in cone. ILSO 4 , violet. Its 
salts are readily soluble in alcohol.— 
(B'HCl),PtCl,. 

p-Nitro-beazene-azO'p-nitro-benze^ae 
[4:lj 0,H,(\O,) - N,--C,n,(NO,) [1:4]. Di-nitro- 
azo-bouene. [2Ul. ’J. Formed by nitration of 
'benzeno-azo-bfit/.i-iio (Laurent a. Gmliar-lt, A. 
76, 73; Janovi^ky, .'J. 6 , 159; 7, 135; D. 18, 
1134). Led crystals (irom {'lucial HOAc). (.live';, 
when reduced by ammonium sulphide, a niti olic 

Voh. I. 


[4:1] C,H,{NO,)—N, -C,H,(NO,), [l:4:3or2J.. 
[185®], Formed by nitrating ?Mulro-lHmzene- 
?)-azo-nitro-benzene or beuzciiio-azo-benzene- 
(Janovsky, M. 6 , 401; 1). 18, 1135). Needles. 

Nitro - benzene • azo - di • nitro - benzene 
[4:1] C,II,{NO,)-N,—C,ir,(NO,.), [l:4:2or3]. 
[100®]. Formed in the prenaraf ion of tile-preceding 
substance (Janovsky, M. 0, 402 ; 7, 125; B. 18, 
1131). Yellow m.*edles (from alcohol). Nitrolio. 
reaction: green, turniug blue. This body andP 
the pre-coding, both give (1, 2, 4)-tTi-amido> 
benzene and p-phenyl- ue-diamlno on reduction* 
Nitro-boizoue-azo-uitro-ethano 
[3:l;C,.H,{N’0.,) -N.,-CH(NO,).CIl 3 . Frompotas- 
slum nitro-otliano and ia-diazo-nitro-bcnzcne 
)iil.ratG(ILiliniann,B.9,391). Ycllowpowdcr. Ite- 
duced by tin and HCl »a tbe tin salt B"ILSnCl, 
of an unstiiblo base di-amido-phcnyl-ethyl- 
hydrjizino CJfdNH.) •~Nyi,-Clf(NH 2 ).CHj. 

llitro-beua* ac-azo-nitro-phcnol 
i3:liUJJ,(NO,,i.:v,.CJf,,(NO.J(aH)[l:3:l?].[173®3. 
fovnicd liv luating flic isomeric di-m-nitro- 
azoxy - beiizcno CJldNO,)-N..O—CJI,{NOJ 

CO 
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with strong HjSOi tor some time to about 140^ 
(Klinger a. PitschKe, B. 18, *2562). Yellowish’ 
brown crystals. Dissolves in alkalis with an 
orange colour.- A'Ag: red crystalline pp. 

S’NitrO’benzenO’azO’O’Oxy’benzoic acid 
[4:1J C,H,(NOJ-N,-C„H;,(CO,H)(OH) [1:3:4]. 
From diazotisod p-nitro-aniiine and a cooled alka* 
line solution of salicylio acid (Moldola, C. J. 
47, 6G6). Drown needles (from dilute acclic 
acid); sol. alkalis. gives an orange solu¬ 

tion. Blackens at 22^°. 

pNitro-benzene-azo-phenol 
f4:l] C,II.(NO,) -Ng-C.H.OH [1:4]. [184°]. 

From diazotised p-nitro-aniline and sodium 
phenol (Meldola, C. J. 47, 658). Golden scales; 
V. si. sol. ^Yater; sol. boiling dilute alkalis. 
HjSO, gives an orange solution. 

m-MitrO’benzene-p-azo-diphenylamine 
[3:1] (N0,)0,.H, N,.-C,ll,(NHC,nd [1:11. 
[137°]. From NO,C«H,N,Cl and x\II(C;il,), (Mol¬ 
dola, C. J. 45, 118). Iteddish-brown scales 
(from dilute alcohol). Solutions in alcohol, ace¬ 
tone, glacial acclic acid, and benzene arc oiafrge. 
On adding HCl to the alcoholic solution the 
liquid turns crimson, and, if concentrated, a 
brown gelatinous hydrochloride is ppd. Cone. 
H^SO^ forms a violet solution. After reduction 
by Zn and IlCl, FoaClu forms a blue dye. Its 
salts arc unstable. 

Nitroso derivative [128°]. 
p-Kitro-benzene-azO'di-phenylamine 
[4:l](NO,)C«H,—N,--C,HdNH.C,Hd[l:4] [151°]. 
From aqueous diazotised 7 )>nitranilino and 
alcoholic diphonylamine. The pp. is treated 
with ammonium carbonate, and the base crystal¬ 
lised from dilute alcohol (Moldola, C.J. 43, 410). 
Brown leaflets. Solutions arc orange in 
alcohol, turned violet by IICl; violet in cone. 

The hydrochloride forms nocdlec, with 
violet reflex, but is very unstable. 

p-Nltro-benzene-azo-resorcin 
[4:1] 0«II,(NO,) -N,-CJI,(OU)3 [1:2:4]. Fivnn 
p-diozo-nitro-benzene nitrate and resorcin in 
alkaline solution (Moldola, C. J. 47, 000). Brick- 
red crystalline powder; KOHAq forms a violet, 
II^SO, an orange, solution. 

p-Nitro-benzene-azo-nMylidine 
[4:1] (NO..).C,H,-N,-C,H.Me..(NH.) [1:3:5:2]. 
[141°]. From aqueous p-nitro-di"azo-benzeno 
chlorido and alcoholic 7«-xylidino hydrochloride 
(Meldola, C. J. 43, 428). Tlicro re.sults a bulky 
reddish pp. of N 03 .C„H^.N 2 .NHCuH 3 Mo 2 which, 
on standing, changes to the scarlet hydrochloride 
,of the azo- compound. 

Properties. —Brick-\'ed needles (from dilute 
alcohol). Forms orange solutions in alcohol, 
acetone, benzene, chloroform, and cone. H..SO^. 

Salts.—The chloride, sulphate, and nitrate 
form red iieodlca with violet reflex, insoluble in 
alcohol.—{B'HCl)..PtCl 4 . 

Nitro-oarboxy-benzeae-azo-nitro-benzoic acid 
N 3 (C„Il 3 (N().,).CO,.H)J?). Formed by nitrating 
onrboxy-bonzene-azo-Donzoic acid (Golubefl, J. lU 
6,197). • - Na^A". — K-^A" 3aq. — BaA".—Et^A"; 
[104°]. 

Bi-nitro-oxy-amido-beuzene-azo-xylene 
C,H(NO,) 2 (NU,)(OII)-N 3 -C«n 3 Me 3 . From 
diazo-xylono chlorido and di-nitro-amido-phenol 
in alkaline solution (Stebbins, jun., A. C. /. 
3, 236). Brown powder, si. sol. cold water. 


Vltro-oxy-benBene-aiQ-benteso sulphoato 

acid[3:4:l]0,H3(N03)(OH)-N3-0,H,.SO,H[l:4], 
From diazotised sulphanilio acid and o-aitro- 
phenol (Griess, B. 11, 2195; B. Meyer a. Kreis, 
B. 16,1331). 

Nitro - ozy - benzene . azo - naphthalene 
sulphonicacidC„H 3 (NO,.)(OH) ~N.,—C,oH,.SOaH. 
From diazotised (a).naphthylamino sulphouio 
acid and o*niiro-phcnol (Stebbins, jun., A. C. J. 
2, 236). Bed needles, v. sol. water. 

Bi-nitro-oxy-beiizene-azo-napthylamine inl- 
phonicacidO,H,(NO,) 3 (On).N 3 .C,„II,(NHJ.SO,H. 
From diazo-di-nitro-phenol and (a)-naphthyl- 
amino sulphonic acid (Stebbins, jun., A. C. J, 
2, 440). Boddish-browii dye; sol. water. 
Nitro-oxy-benzeue-azo-nitro-phenol. 

Ethyl ether 

[ 2 :.r:lJcX( 0 Et)(N 0 .,).N.,.C,H:,( 0 Et)(N 02 )[l: 2 :a;]. 

[190°]. Formed by nitrating o-oxy-benzene-o- 
azo-phenol ethyl ether, and separated from the 
isomeric compound by alcohol, in which it dis¬ 
solves (Andrcae, J. pr. [2J 21, 322). Needles 
(from alcohol). 

Kitro’ozy-benzene-azo-nitro-phenol. 

Eth yl ether 

[ 2 :.r:ljC,;il,( 0 Et)(N 02 ).N 3 .C,H,{ 0 El)(N 03 )[l: 2 :aj]. 
[285°]. Formed together with thopreceding (q. v. j. 
ilrowniah-rcd crystals (from chloroform). Insoi. 
alcohol. Dissolves without change in cone. 
H.SO,. Keduced by alcoholic ammoniurji sulphide 
to the di-ethyl ether of dinitro-dioxy-di-phenyl- 
hydrazine. 

Bi-nitro-oxy-benzene-azo-pbenol sulphonic 

acid C,H,(N 02 ) 2 ( 0 H)-N 3 -C, 4 i,( 0 n).S 03 H. 
From diazotised di-nitvo-amido-p)icnol and an 
alkaline solution of phenol o-sulphonic acid 
(Stebbins, jun., A. C. J. 2, 236 ; (). JSf. 42, 44). 
Brown lustrous needles, si. sol. hot water. 

Nitro-diphenyl-azo-uitro-diphenyl (?) 

[4:1] 0,H,(NO,).C„H,-~N, ■ CJI^.C^IIdNO,) [1:4]. 
[1H7°J. From p-dinllro-di|)henyI and sodium 
amalgam (Wald, Ih 10,137). Yellow powder 
(from alcohol). 

7u-Nitro-toluene-azo-aceto-acctlc acid 
[4:2:1] CJI,(ClI,)(NO,) - N,-CH(C0.C1X,).C03H 
[176°]. Obtained by saponification of the ethyl- 
ether formed by the action of nitro-diazo- 
toluene chlorido (from nitro-p-toluidine [114°]) 
on ail alkaline solution of acelo-acotlc ether 
(Bamberger, J). 17, 2421). Long yellow silky 
needles. V. sol. hot alcohol and HOAo.—A' 2 Ba. 

?n-Nitro-toluene-azo-acetone 
[4:2:l]0„H,(On,)(NO,)-N3~CIT.,.CO.CH,.[1.34°3. 
Fonned by the action of a dilute solution of 
acoto-acetic ether (1 mol.) and KOII (1 mol.) 
ona solution of nitro-diazo-tolueno nitrate (from 
nitro-p-toluidino [114°]) (Bamberger, li. 17,2421). 
Orange-red prisms. V. sol. alcohol and ether. 

7n-NitrO’tolaene-azo>acetopbenoue 
[4:5:llC.n,,(CHj)(NO.;)-N,—CH,,.CO.C„H,. 
[168°]. Glistening yellow needles. Formed, 
together with nitro-tolucne-azo-bcnzoyl-acetio 
ether, by adding a solution of nilro-diazo- 
toluene chlorido (from - 7a - n itro -p - toluidine 
[114°]) to*an iced alkaline solution of benzoyl- 
acetic ether. 

ATcfoajiTTt 0„H,3N3(N0,):N0H:[174°]; orange 
needles (Bamberger a. Caiman, B. 18, 2566). 

7;}-Nitro-p-toluene-azo-benzoyl-acetio acid 
[4:2:1] CJl3(CH3)(N0.,).N3.CH{C0.C,H3).C03H. 
[194°]. Its ethyl-ether is formed, together with 
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m*iHtro<;p-tolueD6<azo>aeetophenon6, by adding a 
solution ot 9»>nitro-j7-diazo-toluen6 chloride to 
an iced alkaline solution of boQzoyl*acettc ether 
(Bamberger a. Caiman, B. 16, 25G(>). Silky 
yellow needles. V. si. sol. cold alcohol and 
acetic acid, more easily at the boiling-point. 

;).Oxy-benzene-a 20 -benzene.?«. 8 ulphonic acid 
[4:1J C,n,{OH) -N,-C,II,.S();,U From 

diazotisod amido-licnzone m-sulphonic acid and 
an alkaline solution of phenol, licattots, with 
violet reilox; iiisol. ether, v. sol. water and 
alcohol. -K.V: long needles (Griess, B. 11,2191). 

2)‘Oxy-benzene-azo-benzeiie-7)'Salpboiiic acid 
[4:1J 

IKCoVnic Y. rrejiarod by tlio action of an aqueous 
alkaline sohitloii of piicnol on ;>diazohenzeno 
eulplionic aci<l {Grloss, B. 11, 2192). Yullowisli 
ted prisms. V. sol. water and alcohol. 

Salts. — Ba.V" : orange pp.—Ba/V.'.2aq.— 
BaA^fiaq: minuto orange tablcii, si. soL water. 
— KM: yellow rhombic leallcts, S. *20 at VP 
(Wilsing, .1. 2lo, 2i)2). 

2 >Oxy-benzene-azo-benzene snlphonio acid 
[4:1) C,dl,(01I) N,- C,n,.SOJI. From azoxy* 
benzene (1 pt.) and fuming jl.SO, {o pts.) at 
110^^ (l.impricht, B. 15, 1295; Wilsing, .4.21.5, 
229); Tscliirwinsky {J. li. 5, 217) considers this 
acid to bo identical with the procediiig. Small 
lustrous reddish plates, v. sol. water, m. sol. 
dilute acids or alcohol. Ur docs not act on tlio 
potassium salt. SriCl« forms no atiiline by re¬ 
duction. Salts.—KA'aq: S.'Boatlo'^. -BaA^.— 
AgA . - MgA'^ Oaq. — CuA'^ Oaq. 

Chloride. [122°j. Orange 6- or 8-sidcd 
plates. 

Amide. [212°]. Plates. 

Bi-oxy-benzene-azo-benzene sulpbonic acid 
[4:2:1] C,n,(Oil),-Nj—C,H,.SO:,H [1:4]. Tro- 
IHColhi 0. Chryiio'bie. Formed by sulphonatiiig 
bcnzone-uzo-rcsorciu at 100° (Witt, C. J. 35, 
183) or from diazotisod amido-bonzeno 2 )- 8 u]- 
phonic acid and resorcin dissolved in KOHAq 
(Griess, B. 11, 2195). Bed loaflcts with steel- 
blue reflex; v. si. sol. alcohol and cold water. - 
KV.--BaA'.,4.a.j. 

The absorption-spectrum has boon examined 
by Hartley [C. J. 51,182). 

Bi-oxy-benzene-azo-benzone sulphomo 
acid [4:2:1] C«H,(OU),-N,-C.;H,.SO,II [1:3]. 
From resorcin and diazotised aniido-bcnzono 
wt-sulphonic acid. Orange needles.—KA': hy¬ 
groscopic needles. 

Tri.oxy-benzone-azo-bcnzeno snlpbonio acid 
[2:4:6:1] C..H^(OiI),~N,--CJI,.S 03 H [1:4]. From 
diazotised amido-bon/ene ;)-suIphonic acid and 
an alkaline solution of pliloroglucin (Stebbins, 
C.N. 42, 44; A. C. J. 1, 465; 2, 236; B. 13. 
716). Yellow leaflets with green lustre. —NaA': 
yellow leaflets, easily soluble in water. • 

p-Oxy*benzene-ni-azo-benzoic acid 
[4:1] C,JI,(OH)-N., -C,H,.CO.,H [1:3]. [220°]. 

Formation. —I. From w-diazo-benzoic acid 
and plieaol (Griess, B. 14, 2032). —2. By gently 
wanning m-carboxy-diazo-bonzcno-7»-carboxy- 
anilido C„H,(CO,H).N,..MH.C„HdCO,H) with 
phenol, m-amido-benzoic acid being eliminated 
(Heumann a. Oeconomidcs, B. 20, 906). Bed 
needles or plates; sol. alcohol and ether, si. sol. 
water. Dyes wool and silk yellow.—BaA', SJaq. 

Bi-oxy-benzena-m-azo-benzoic acid 
[4:3:1] CeH,(OH),—N;-C,H^.COjH [1:3]. Pro. 


pared by the aotion of m>diasobeDBoio acid on an 
alkaline solution of resorcin (Griess, li. 14,2034). 
Brownish-red noodles or brownish-yellow plates. 
Sol. alcohol. Dyes wool and silk yellow. 

0xy-benz6ne-azo-|)-cresol. Ethyl ether 
[4:1] C,H,(OEt)-N,—CJIj(CH,)(On) [1:5:2] 

or CJt,Me/ | . [101°]. Formed 

\N,H.C..n3Me(OEt) 

by combining ;)-cliazo«plicnotol with p-oresol 
(Liebermann a. Kostanccki, />’. 17,883). Golden 
plates. Sol. alkalis. Dissolves in IJ.SO 4 with a 
brown colour. On reduction it gives 2 >*nniido- 
phenotol and amido-;>-cresoI. 

o-Oxy-benzene-azo-o-cresol. Methyl ether 
C,H,{OMe) -N, -C.H^MelOIl). [08^^'j. l^om 
diazotisod o-anisidino and o-crrisol (Kanonnikoff, 
J. Jl. 1885, 369). Di-methyl ether [103°]. 

0 • Oxy - benzene - azo • m - crosol. Methyl 

ether. [161°J. l^ropurod like the preceding (K.). 

Bi-oxy-benzene-azo-i^-cumene 
f4:2;l]C,H,(011),—N, [199°]. Formed, 

together with tho disazo-compound, by com¬ 
bining diazo • cumcno chloride (from amido- 
pstuido-cumono [62°J) with resorcin (Jji»!bormann 
a. Kostanecki.B. 17,131,882). Small red noodles. 
Dissolves in alkalis with a brownish-yellow 
colour. 


Bi - oxy - benzene - azo • hydroqulnone 
[5:2:1J CJI.(OIl),-N,-0,ll3(OlI), [1:2:5]. Aeo- 
hy> I roi[ uitiouc. Tetra-methyl derivative 

0,Il3(OMo),.N,,.C,dr;,(OMo),. [l-io-’l. Formed by 
reduction of nitro-di-methyl-liydro«iuinoiio in 
alkaline solution (Baessler, B. 17,2124; 0. C. 
1886, 671). Bed needle.s. V. sol. alcohol, ben¬ 
zene, chloroform, and CS.^, v. si. sol. water. 
Dissolves in strong llCl with a blue colour. 

Tetra-ethyl derivative [128°). From 
nitro-di-cthyl-hydroquinonc, powdered zinc, and 
alcoholic potash (Nietzki, B. 12, 39). 

Bi-oxy-benzeno-azo-naphthalona snlphonla 
acid [4:2:1] C,H 3 (On)„-N,-C,oH,.S 03 H [1:4]. 
From diazotisod (a)-naphthylamlno sulphonio 
acid and an alkaline solution of r«:sorcin (8tob* 
bins, jun., A. 0. J. 2, 36; 0. N. 42, 44). Dark- 
brown needles, sol. water. 

p-Oxy-benzene-azo-(a)-naphthylamin6 
[4:1] C,H,(OH)-N,—C,on,.Nf.I, [1:1]. [170°]. 

Prepared by the action of p-diazophonol nitrate 
on (a)-naphthylamino (Weselsky a. Bonedikt, B. 
12, 229). Orange needles (containing 3aq).— 
B'jU^SO.Caq: green needles, insol. water. 
o-Oxy-benzen 6 -azo-(i 8 )-i 2 aphthyIamine 
/Nil 

[2:1] C,H.(On).N,G, JI, or [ 

o-Oxy-hcnzcne-hydrazimido-naphthaleiie. [lOS"]. 
Formed by combiniijg o-diazo-iihcnol with (B)- 
naphthylaminc. Slender red needles (from alco¬ 
hol or acetic acid), or dark rod plates (from 
benzene). It dissolves in aqueous or alcoholic 
NaOH, but is insoluble in water. By heating 
at 150° with HCl it is split up into (/3)-naph- 
lliylaminc.pyrocatecbin, and nitrogen. Bromine 
in cold acetic acid solution gives di-bromo-(i8)- 
naplithylamine, a brominated pyrocatechin, and 
nitrogen. On redaction with zinc dust and 
acetic acid it yields (l:2)-naphthyl6ne>diami&«. 
Acetyl derivative 
Benzoyl derivative [183°]. 

00 2 
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Uethyl $aer OaH^(OMe^O,*H, [138®]; 
dark-red monoclinio prisms; iQsomble i& water 
(Sachs, B. 18, 3125). 

p-Oxv-beztzene'azo>(^)'naphthyIamine 

.NH 

[4:1] CJT,(On).N,,C.„H, or C. 1 

'NmH.c^h ,on. 

^Oxy-henzenc-hudrazhnvlo-nnphtliahnc. [103^^]. 
Formed by coinbining /j-Jiazo-phenol with (/l)- 
naphtliylumiiie. Flat red prisms. V. sol. benzene 
and acetic acid, insol. water. By heating at 
with IICl it is sjdit up into (3)-nai)lilhyl- 
amine, hydrorpiinone, and nitrogen. Bromine 
in cold acetic acid solution gives di-bromo*(j3)- 
napthtliylamino, a hrominated hydroquinone, 
and nitrogen. On reduction with zinc dust and 
acetic acid it yields (l:2)-naphlhylonc-diamine 
(Sachs, B. 18, U'2r>). 

Mono-acetyl derivative [218®]. 
Mono-henzinjldcrivalive [211®]. 
Oxy-bcnzone-azo-orcin. Mcllnil ether 
C„H,(OMe.).N,.(’.,11,(011)310. Hair-Iiko needles 
(Stebhins, A. C. J. 5, 32). 

o-Oxy-bciizeno-o-azo phenol 
[2:1J Cjr.(<>ll) N, 0„ll,(<)ir) [1:2]. o-Azo- 
vhcnol. [in'®]. 8. (alcoiiol)‘3 .'if 20®. Pre])flrnd 
hy fusing o-iiitro-plienol with KOII (Wc selsKy 
a.Benedikt, C. II, IkiS; yl. 190, Oil). Goldcii 
leaflets; may be sublimed. Insol. water. 

Ueaclions. - 1 . Broviiiie. added to an ethereal 
Bolution forms a tetra-bromo-derivative. 2. 
Chlorine passed into an acetic aeid solution 
forms a tri-chloro derivative 
[235®] (Bolm a. Uonni.tnn, 71. 17, 275).—3. 
Nitric acid forms (1, 2. -ll'di-nitro-plienol 
Kthyl e.ther |(Ur,(()Kt):,,N,. fFU®]. 
(i-Nitro-]dteoyI.<-t!iyl etlier C,.TT,(OKt)(NO,) 
IB dissolved in n lciiol jind reduced with sodium- 
amalgam (5 per cent.), the liquid being allowed 
to become hot. The product is poured info 
water, and the j'p. I'x-lradcd by siroTigllOl winch 
dissolves tho nzo- <‘om|toiind. On pouring the 
nCl solution into Wilier, e a/o-phenotol is thrown 
down (B. Scliinilt a. M5’il;iu, J. pr. 12(b 202). 
Properties. — Jjow,* reil priimis (from ab'obol). 
Melts under water, hiif. iiist>luble tiiendn and jioi 
volatile with sfeam. It begins to boil at 210 \ but 
Boffors dccompo.dfion at tbe .same time. Tte- 
octions.—1. Ibsluced by alcoholic ammonium 
8ulpIudetotheci>rresf>ondingliydrazo-componnd 
{}. V.). 2. Cold finning UNO, forms a nitro-, 
and a di-nitro-, derivative*. 

m-0xy-bcnzene-7n-a20-phenel FAhyl ether 
/3:1] C,H,(OKl,)-N, -C,H^(OJi:t) [1:3]. m-Azo- 
phe.ncM. f91®J. Fornuid by reducing 7W-nitro- 
phcnetol in alcoholic solution with sodium 
amalgjim (>r. Buchsliib, J. pr, [2] 29, 209). 

JVo/)c///e.s’.-Orange prisms (from alcoliol). 
Sol. ether. Insol. water and (difference from o- 
compound) in cone. HCl. Jlcduced by H.S and 
Blcoholie .ammonia to 7H-hydrazo-phcnetol, 
p*Oxvbenzcjio-o.azo-phenol 
[4:1] CJJ.{OH) C„1I,{0H) [1:4]. p-Azo> 
phcncl. 120-1']. 

Formation. By potash-fusion from p- 
nitroso-plii’uol (Jaegor, B. 8, l-t09), p-nitro- 
phenol (Wescisky a. Bonedikt, A, 190, .339), p- 
oxy-boii7eno-azo-be!i/'on(3 jj-sulphonic acid, or p- 
suJpho-bc-u'/cne-a-'.o lionzono p'sulphonic aeid 

§ Bohn a. II. nmann,./». 1.5, 3037).—2. From p- 
iaib-pher.ol nitrate and plionol potassium. 


Slender brown needles with 
blue reflex (containing sq); bI. sol. water, v. 
Bol. alcohol. Bromine gives a tetra-bromo 
derivative. Nitric acid (1, 2, 4)-di-nitro-pbenoh 
Chlorine gives tri-chloro-phenol. 
8alt.-BaC,2HsN,.024aq. 

FAhyl ether C,.H,(OEt)-N,-C„H,(OEt). 
p-Azo-phcnclol [100®] (S. a. M.); [158®j (A.). 
Formed by adding sodium-amalgam (5 p.c.) to 
an alcoliolic .solution of p-nitro-phonyl-othyl 
ether, precipitating the product willi water, boil¬ 
ing it with dilute HCl to remove amiJo-phenyl- 
ctliyl-ethcr, and crystallising from alcohol 
(Schmitt a. Mohlau, J. pr. 120,199 ; Hepp, B. 
10,10.52; Andreae, »7.pr. 129,33.3). Properties,'^ 
(ilittoring golden plates. M. sol. cold alcohol, v. 
Pol. olhcraml chloroform. Distils with dillioulty. 
Bcaciions.- 1. Fuming HNO., forms tho ethyl 
ctlicr of di-nilro-phcnol {q. v.) and two i.sonicrio 
iri-nitro-azoxy-plicnol ethyl otliers.—2. HClAq 
at 130®givc‘fi MtCJ}indp-azo-phciiolN,{CHH^OII) 2 , 
but at 1.50® chloro-p-amido-pheiiol is got 
(Sclimil.t, J. pr, [2J 19, 313). 

p-Oxy-heuzenc-azo-diphenyl sulphonic acid 
[1:11 0,TT,(011) -N^ --C,ll,.C.H,.SO;,H. From 
diazolisod ;)-amiilo-diphenyi snlplionic acid and 
phenol (Cavnollcy a. Schlevoluiann, C. J, 49, 
.').8()). Yellow dye.—B.aA 2 : insol. cold water. 

m - Di- oxy• benzene-azo-diphenyl sulphonic 
acid [4:2:1] Cjr,(()IT )2 -N, -OJl,.OJl,.80^11. 
b'l'om diazolised jj-nmido-dipheny] snlplionic 
acid .and resorcin (Carnellcy a. Schlcvelmann, 
C. J. 49, 3S2).-Na.V.--BaA'.,. 

p-Di-oxy-benzene-azo-diphenyl sulphonic acid 
[.5:2:1]_ C,H,(()II),.N,.n..H,.GJl,.SO,Il. From 
diiizolisi'dp-amido-diplnmyl .sulphonic acid and 
liydroquinouc (Cavnelley a. Sclilo.velmann, C. J* 
49, 382). 

p-Oxy-honzenc-azo-phloroglucin 
C.U,(()JI)—N,- C„}b(01l)... Two modifications 
!i])l>earto be formed by tiie iiclion uf p-diazo- 
jKu nol nil rate on ])hloroglucin (Wesolsky a. 
Ibmedikt, ./b 12, 227). (a) Bed cryslaliine pow¬ 
der (tiontaining baq), sol. alcnhol. (^S) Green 
amoi |)hous mass, insol. alcohol. 

/i-Oxy-benzene-azo-resorcin. Ethyl •ether 
\ [4:1] Cjr,(OMt)-N,-CJI,(OIl)3 [1:2:4]. [167®]. 
Formed by tho action of j?-diazo-phenetol on 
vesorcin (Li(*bcrmann a. Kostaneedei, B. 17, 883). 
Bed plates- Sol. alkalis. Dissolves in H.SO* 
with a brownisli-rcd colour. 

Bioxy-benzene-azo-resorcin 
[2:0:1] C,1I,(()1I),--N,-~C«H,{0H),[1:2:4]. Tctra- 
oxif-azo-benzcnc, 

Di-ethyl ether CHn,^OEt)o.N,.C«Hj(OH)|. 
[182Formed by combination of the di-ethyl 
other of o-diazo-rcsorcinCyII,,(OEt).N.DH [6:2:lj 
with resorcin. Light reddish-yoliow needles. 
V. sob alcoliol and ether, insol. water. Dis¬ 
solves in cone, alkali with a reddish yellow 
colour, whicdi becomes a splendid carmine-rod 
on dilution (Pukall, B. 20, 11.51). 

Di-oxv-benzene-azo-resorcin 
[2:4:1] C,.U,(Oa),,N,.C,I4(OJI), [1:4:2J. Teira- 
v.ey~<izo-hcn:enc. 

Bi-etln/l ether 

C,II,(01':i),-N,- C.lT,(Oir),. rios ]. Foped 
by (;ombination of tho di-clhyl el!u'-r of^-diazo- 
resorcin C«lIa(OEt)...N.^OH [4:2:1] with resorcin, 
Small brown needles or short prisms with green 
reflex. V, sol. alcohol, ether, and aqueous 
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ilkftlig, insol water. Carniine>rod djeetuff 
(Pokall, B. 20.1U4). 

Oz 7 obeaz 6 ae-az 0 'r 6 soroiii.dl- 8 ulphonio acid 

Mono-methyl ether 

OA( 9 M«)*N 2 .CJT(OH),(S 03 H)„. YeUow plates i 
(Stcbbins, A. C, J. .“S;!;).—BaA''a(i: needles. 

p-Oxy-bonzenc./j-azo-tolueuo 

[4:1] [1:11. [151’]. 

Formed by gcnlly warming /i-diazo-tolucno-n- 
toluide with phonol, ^t-toluidino being split off 
(Ileum.ann a. 0'fonoiniib s, ii. 20, or by 
warming 7 )-nitr.)so-lo!uene witli ji-tohiidiiio ace¬ 
tate (Kiinicli, B. 8, Orange prisms, VN'ith 

blue rofitjx. 

??j-Di-oxy-bcn7cne-o-a20*tolueae 
[2:1] C,II,(CK,) N.-CJI.iOU), [.1:2:4]. [lOo'’]. 
(W.); [17H''j(l'’.), b’omuMlbvthoaetionofo-diazo- 
toluonoon rcsoivin. IJrownish-red felted needles. 


O,H,(OMe)(0O,H)>-N,~0.,H,(OH)(SO,H).From 
diazo-anxsio acid and (y 8 )-naphtbol snlphonio 
aeid. Brown needles. Dyes wool scarlet. 
BaA"s 8 aq (Griess. B. 14, 2030). 

Oxy-carboxy-benzene-azo-{d)-nttphthol.(o)-di- 
sulphonic acid Methyl ih rivntix'e 
CJl,(0:de)(COJT)--N,—C,,ll,(Oll)(SO,II),. Pre- 
' j>ared Ijv (tie action of diazo anisic acid on an 
alkaline solution of hl]iol-(a)-di.sn]p)ionio 

acid (Griess, Ih 11, 2i)l(t). iSniaU dark-re^l 
needles (containing ‘.\n*q). 8ol. water, and 
ali’oliol, insol. etitcr. ]>y<'s a bliii isli sliado of 
scarlet. A'"Hlv.r'aq : r<’d crystals, nd. hot water. 
Oxy-carboxy.bcnzeno-azo-oxy-L'Ouzoic acid 
D i-vii'iii III derivati ve 
C H,(OM. i(CO.,ll)- X, (’jr,(OMc](CO II). 
Foi-nied hy tiie adieu of so<liiiiii-ain;il^am on an 
alkaline solution of nitro-anisic nciil. Iiisul. 


Acetyl derivative [7')°]. Orange-ydinw 
plates (Wallach, 1). 15, 2825 ; cf, i’ischor, JJ. 20, 
1570). 

7 n-Di-oxy-bcnzone- 7 )-azo-toluene 
[ 4 : 1 ] C,.ir,(Cir,)—N,- C.n,(OII), [ 1 : 2 : 1 ] fl^rj. 
Prepared by tJie action of p-diazo-lolucne on 
wsorcin, or by gcnlly wanning yj-dlazo-tolucno- 
p-toluido with resorcin, /idoliudino being split 
off (lleiimnnii a. Occonomidcs, B. 20 , 
Reddlslj-yeilow needles: sol. alcoliol, ether, an<l 
aqueous alkalis. Acetyl dcrivat ive i08'^J. 

Oxy-beuzene-azo-toluidine 


water. BaA^aq (Alexejeff, C. Jt. 55, 172). 

Bioxy. carboxy - methyl-phtbalidc-azo-dioxy- 
plithalidc-acetic acid 

Tetra-mcthyl fna/t j'cC.,11 .. 

>011.011...CO. li' 

A:o-mcconic-acctic acid. [c. 257*’). Obtained 
by reduction of nitro-di-nidlioxy-phtJuilide- 

: uwtio acid jj 

I witli zinc-dust and ajpK'ous Nil,. Yellow cry st.'ils. 


[5;2:1J G„}I^(OII,)(NlL)—X._.—C,JT,OII ' Insol. water. Dissolves in cone. ll.^SO, with a 

[172’J. Formed by saponilication of tlio acetyl dee]) blueish-violet colour (Kloeinan, ff. 20,880). 


derivative. Slender brown needles. Sol. alcoliol 
and other, v. si. sol. cold water. Dissolves in 
aqueous acids and alkalis. 

Acehil derivative 
c,ii,t(;ir,)iXiiAo) -X,—cji.oH. [ 25 . 3 ®]. 
Prepared by diazotising tlio mono-acetyl deri- : 
vativo of (1:2: l)-tolylene*diamino and combining 
it with phenol (WuUucli, B. 15, 282()). Yellow, 
plates. Sol. acetic acid and in aqueous alkalis, j 
si. sol. alcoliol. I 

Di • oxy-benzene-azo-xylene (Wallach, B. 
15, 25). Formed by adding diazo-xylenochlorido 
to an alkaline solution of resorcin. 

Bi-oxy-benzeno-azo-xylene sulphonic acid 
[4:2:1] C„Il 3 (On) 2 -N 2 —C,II,Me,SO,,H. Prepared 
by the action of an alkaline .solution of resoreiji 
upon diazo-xyleno sulphonic acid. Slender ^ 
orange needles, si. sol. liot water; in. sol. alcohol 
(Griess, J). 11, 2107). 

Oxy-carboxy-benzene-azo-naphthalene 
0„H,—N 2 -C,n 3 (OIl)(COJI) [1:-1:3]. From 
naphthylaniine hydroehloride (Og.), IICI, water 
(500g.), and NaNO, (3*45g.) at O’, the tiltrale 
being poured into a solution of salicylio acid ; 
(6'9g.) and NaOIi (Og.) in water (500 g.). The! 
liquid is liltered and tlio sodium salt ppd. by I 
NaCl (P. F. Franklund, C. J. 37, 717). >Salt.-. | 
NaA^ 8 . *07 (cold). Dyes silk ])a1c yellow, i 

Beduced by Sn and JICl to napbtliylamino and 
omido-salicylic aeid, CuH,(XlIJ( 01 IjCOJ£. 
Oxy-carboxy-benzene-azo-(0)-naphthol 
Mono-methyl derivative 
C,H,(OMc)(COji)—N 2 ~C,„H«( 0 II). Prepared 

by the action of diazo-anisic aeid on an alkaline 
Bolution of (/3)-naphthol (Griess, B. 14, 2030). 
Bmali red needles or plates (containing l^aq). 
SI. sol, alcohol. A'..^Ba 4aq: red minute needles. 

Ox 7 -carboxy-benzcne-azo-(/ 3 ) napbthol sal- 
phonic acid. Methyl derivative 


Tri - oxy - carboxy - toluene - azo-tri oxy-toluio 
acid. A nhydride of the telni - xncthyl 
derivative. 

( 1 ) N) (\) (rt:r,) (1) 

o,ir. o:\rc v 

( 3 ) ( 3 ) 

[c.215]. Formed bv rudnelion of niiroso-opianio 
aci.l C..TI(OMr!),,(N{))(CllO)(CO,,lI) will) zinc- 
dust and aqueous Xllj. Dissolves in alkalis 
with a yellow colour, in cone. JLSD, with an 
intense purple colour. — AgA': microscopic 
)UM.‘dlt'S (from Iiot water).—KtA': [lOl^’j, yellow 
needles, v. sol. alcohol, etlior, and benzene 
(Klocmann, B. 20, 878). 

(/3)-Oxy-naphthalone-azo-hippurio acid 
COJl.Crf,.NlLCO.O,Tf, X, -0,.,M.,(0I1). Pre- 
jiared by the action of «liazo-]iij)])iiric acid on 
an alkaline Polntion of (/iJ)-nuiditlir>I (Griess, B. 
1-1, 2010). ]leddish-ye)low needles. SI. BOl 
alcohol, V. si. sol. water and ether. 

(a)-Oxy-(o)'naphthaleno-(a)-azo-naphthalen»- 
(«)-sulphonic acid 

f 1:1) C,„lI.,(OH) - N, [1:4]. From 

dia/otised (a)-nHphtbyluiniue siil])lionic acid and 
(«)-i)aphtlxol. The orption-s{>eeiriijji bus been 
e.xumincd by Hartley (C. J. 51,108), 

(3) -Oxy- naphthalene -azo-naphthalene snl- 
phonic acid C,(,il,i(OH) - X,-C,flH„SOJT. From 
diazotised (a).naphlliylamine fiul]>honic acid and 
(/3)*napljthol (Caro; Griess, B. IJ, 2188). Red¬ 
dish-brown needles (from alcohol). Red dye.— 
BaA'g. The absor];)tion-spcctrum has been 
examined by Hartley (G. J. 51,187). 

Oxy - propyl - carboxy - benzene • azo - oxy- 
propyl beuzoie acid 

CO,II.C.H,(C(()H)M.-,)-X,-C,TT,(CfOn)M(«,)CO,H. 
Formed by reduction of nitro-oxy-propyl-benzoio 
acid with sodium - amalgam and water fWid- 
mann, B. 15, 2550). Yellow plates. V. 81 . ooL 
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most ordinary aolveats, si. sol. aoetio acid.— 
Na^A" lOaq: thin red rectangular tables. 

Ozy-snlphc-bensens-aso-benzoic acid 
[3:1] C,H,(COjH)-Nj-C.H,(OH)(HSO,) [1:4:3]. 
Prepared by the action of m-diazoben:ioio acid 
on an alkaline solution of phcnol-o-sulphonio 
acid (Griees, B. 14,2033). Brownish-red crystals 
(containing |aq). Sol. water, alcohol and other. 
Yellow dye.* Salts.—A"HKaq: yellow plates 
or needles, si. sol. cold water.—A'yi-Ba: small 
yellow needles or plates.’—A''Ba aq: yellow crys¬ 
talline pp. 

Oxy-sulpho -benzene - nzo - naphthalene sul- 
phonio acid C„H,(OII)(SO,H)—N,-C,„II,,SO,H. 
From diazotised (a)-naphthylamine sulphonio 
acid and phenol sulphonicacid (Stebbins, A. C. J. 
2,446). 

Oxy-toluene-azo-toluene sulphonio acid 
[43:1] O.H,(C'1T,)(.S0.1I)-N.-O.H,(OII.)(011) [1:5:!]. 
Formed by thcaction of p-diazo-toluene sulphonic 
acid (by diazotising p-toluidiiie-sulphonio acid) 
on an alkaline solution of p-crcsol (Nulling a. 
Kohn, B. 17, ll.'lH). Beddisli-brown crystals 
with violet reflection. V. sol. water, si. sol. 
alcohol. Salts.—A'Na: soluble yellow plates.— 
A'^Badaq: small reddish-brown needles, si. sol. 
hot water. 

Diphenyl-azo-diphenyl 

C,Hj.CjHj—Nj—-C,H,.C„IIj. [2,')0'’]. Orange- 
red plates. Sol. ether, insol. water, alcohol, and 
acetic acid. Formed by reduction of p-nitro- 
diphenyl with sodium-amalgam, and by the dry 
distillation of hydrazo-diphenyl, Prepared by 
oxidising an alcoholic solution of hydrazo-di- 
phenyl with Fe.Cl„ (Zimmermann, B. 13, 1962). 

Phenyl - acetic - azo - phenyl - acetic acid v. 
eJO-CABno.Xr-TOLUKNK-AZO-lUIE.WL-ACF.TIO ACID. 

Phenyl - amide - benzene - azo - henzene. snl- 
pbonic acid 

[4:1] CJI,(SO,H)-N,,-C.H,NHPli [1:4]. Tro- 
^valine 0.0. Prepared by the aetion of ji-diazo- 
oenzene sulphonic acid on an alcoholic solution 
of diphenylamiiio (Witt, C. J. 3,'>, 187; B. 13, 
262). Steel-blue hair-like needles. SI. sol. water. 
Salts.—A'K: flat yellow needles; si. sbl. cold 
water.--'A'Na. —A'NH,.—A'NlIMe,: large yellow 
leaflets.—A'.,Ba and A'-Ca: insoluble yellow pps. 

Phenyl-glycollic-o-azo-phonyl glycollic acid 
Nj(C«H,.O.CiI..COJl),,. [Iflfl'’]. 

Preparation. — o-Nitrophcnylglycollio acid 
(18-6 g.) water (140 g.) and Na.c6„ (5 g.) are 
treated at 60° with sodium-amalgam (215 g. of 
4 p.c. amalgam). The crystals which separate 
on cooling are dissolved in very little water and 
the acid is pinl. by acetic acid. 'I'he product 
is recrystallised several’ times from alcohol 
(A. Thatc, J.pr. [2J 20,161). 

Properties.--Orange silky needles, contain¬ 
ing 2Bq (from water or dilute alcohol). When 
dry (at 110°) it is brick-rod. Sol. other, alkalis 
and strong acids. Its solutions are yellow or rod. 

21eaclions. -l. Aqueous solution is acid to 
litmus and gives with AgNO, a red gelatinous 
pp., and with Pb(OAc).j a flocculent yellow pp.— 
2. Beduced by alcoholic NH, and ILS to the 
corresponding hydrazo- compound, tbe potas¬ 
sium salt of which, N,,Hj(C.U^.O.CH.,CO.,K), 3aq, 
crystallises from alcohol in rhombohedra. 

Salts.—K.,A"8aq. Orange plates. Its 
solution gives with BaClj a rod orystallino pp.; 
with Pb(OAc), an orange flocculent pp.; with 


AgNO,, a ted flocculent pp.t with Fe,Cl, M 
orange pp.; with CuSO,, a brownish-yellow pp. j 
with HgCI,, on boiling, a red pp.; with MgSO, 
after some time, an orange crystalline pp.— 
NaA" 3aq.—Ag,A'' 8aq. —BaA" 2aq. — CaA" 8aq. 

Ethyl ether. [dll°J. Bed crystals. 

Phenyl-glyoxylio-azo-phenyl-glyoxylic acid 
CO._,H.CO.C.H,—N.^—C^Hi.CO.CO.H. Azo-ben- 
1 zoyl-formic acid. Orange needles (containing 
2aq and melting at [135“]. When dry it melts 
at about 101°. Prepared by reduction of tn- 
nitro-benzoyl-formio acid with FeSO, and KOH; 
yield, 60 p.c. (Thompson, B. 16, 1308). SI. sol. 
ether and cold water, insol. acidulated water, 
chloroform, or benzene. Very stable body. 
A cold saturated aqueous solution of the acid 
gives with BaCl. or CaCl, a micro-crystalline 
pp.. with AgNO, a yellow flocculent precipitate.— 
A"Ba; orange crystalline pp., insol. water.— 
A"Ag,,: orange-yellow slightly soluble pp. 

Fhenyl-pyrrol-azo-benzene 

C,H,.N,.g = CH 
C,H 5 .N,.C,H 3 NPh probably NPh | . 

HC ^ CH 

[117°]. Prepared by adding diazobonzene chlo¬ 
ride (1 mol.) to phenyl-pyrrol (1 mol.) dissolved 
in alcohol containing AcONa. Brown prisms or 
long reddish-yellow needles with blueish reflec¬ 
tion. V. sol. aleohol. Dissolves in cone. H,SO, 
with a reddish-violet colour, in alcoholic 1101 
with a blood-red colour. Beduced by zinc-dust 
and NHjOrNaOHto anilineand (probably) amido- 
phenyl-iiyrrol (O. Fischer a. Hepp, B. ifl, 2256). 

Di- propyl - amide - benzene • azo - di - propyl- 
aniline C„H,N(g,H,).,-N,— C„II,N(C,II,),. Di. 
propyl-aniline-azyliM. [90°]. Formed by passing 
NO through an alcoholic solution of di-propyl- 
aniline (Lippmann a. Flois.sner, B. 15, 2140; 
16, 1417). Large trimolric crystals, a;6:c: = 
l:-029;-913. Pierato B"(C„ 1 L(N 0 -) 30 H),: 
orange-rod insoluble crystals. — Per’iodide 
B",!,,: violet glistening needles. 

Pyrrol - azo - benzene C,n,—N,-0,H,NII 
C.H,.N,.g-CH 

probably NH| . [62°]. Prepared by 

IIC = CII 

adding tho calculated quantity of a moderately 
cone, solution of diazo-benzene chloride to a well- 
eooled solution of pyrrol (2 pts.) in alcohol 
(100 pts.) with addition of sodium acetate (5 pts.) 
(Fischer a. Hepp, B. 19, 2251). Yellow needles. 
V. sol. alcohol, ether, and petroleum spirit, si. 
sol. w.ator. It has basic properties. Easily 
reduced {e.y., by zinc-dust and alkalis) to aniline 
and (probably) amido-pyrrol. Beadily combines 
in alkaline or neutral solution with a further 
quantity of diazo-compound, giving disazo-bodies. 
Dissolves casilyin dilute HCl with a reddish-yellow 
colour. Dissolves in cone. HjSO, with a yellow 
colour. The platino-chlorido forms small red 
iparingly soluble needles. 

Pyrroi-p-azo-di-methyl-aniline 
C,H,(NMe.,)-N,-CJI,NH. [159°]. Formed 
by combining p-diazo-di-methyl-amido-benzeno 
with pyrrol in dilute alkaline solution. Glitter¬ 
ing green plates. Dissolves in very dilute HCI 
with a grass-green colour, in cone. HCl with a 
greenish-yellow colour. PtCl, gives a dark 
green amorphous pp. (Fischer a. Hepp, B. 19, 
‘2257). 
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probably NHI . [103®]. Formed by 

h6«ch 

adding (a)<diazo*naphtba]ene ohiorido (1 mol) 
to pyrrol (1 mol.) dissolved in alcohol contain¬ 
ing sodium acetate. Keddish-ycllow plates. V. 
sol. alcohol (0. Fischer a. Hepp, B. 19, 2255). 
Pyrrol-(3)*a20-naphthaleno 

C,oH,.N».(? = CH I 

C,oH,-N 2 -C,n,NH probably 'NH| 

lie- CII 

[101®]. Preparedly adding (i8)-diazo-naphthalene 
chloride to an alcoholic solution of pyrrol con- 
taining sodium acetate, (iold-bronzy plates 
(0. Fischer a. Hepp, B. 19, 2255). 

Pyrrol-/)-azo toluene C^IIiMe—N,—CJIjNH 
C,H,.N,.C = CH 

probably Nil | . [82®]. Prepared by 

HC-CH 

adding p-diazo-toluene chloride (Iniol.) to pyrrol 
(1 mol.) dissolved in alcohol containing sodium 
acetate (Fisclicr a. Hepp, B. 19, 2254). 

m-Sulphi- benzene - azo - bonzene-7/i-sulphinic 
acid C«II,{SO,H) -N, -C«H,(SO,II). 

Azo-benzene di-suJphinir. acid. Obtained froin 
C^H,(SO;;SII).No.C,iH,(SOoSII) by treatment 
with sodium amalgam (Limpricht, B. 18, 1478 ; 
Bauer, A. 229, 903). Yellowish amorphous 
mass, si. sol. cold water, insol. ether. 

Salts. —NaoA" 3*a<]. — CaA" 1 ^aq. — BaA".— 
PbA". Tlieso salts are readily oxidised {e.g. by 
KMnO, or I in KI) to the corresponding di- 
sulphonates. Cone, ammonio sulphide converts 
them into the di-thio-di-sulphonatcs. They are 
not reduced by sodium amalgam. Boiled with 
HCl the acid clots together, but cone. UCl. at 
110° fornjs (2 p.c. of) an isomeric base. 

;^-Sulphi - benzene • azo • benzene - p- sulphinic 
acid SOJI.C,H,-N,~-C„H^.SO,H. 

Azo henzene p-di-sulphinic acid. Prepared from 
S0.,C1.C,H,—N, -C,H,.S0..C1 and Ba(SH).. or 
from NaS.S 02 .C.,H,.Nj.C«li,.S 0 ..SNa by sodium 
amalgam (Limpricht, B. 18, 1475; Bauer, A. 
229, 309). The free acid is ppd, by HCl from 
its salts as a bulky yellow mass, sparingly soluble 
in water or alcohol. Clots together when heated 
with acids. Salts.—Na.^A"4aq.—BaA". 

Sulpho-benzene-azo-amido-ethane v . Sulpuo- 

BENZENK-AZO-ETIIYLAMINB. 

p-Sulpho-benzene-azo-dl-amido-benzoio acid 
[4;1]C«I1,(S0JI)-N2—CJI.,(NH,).,CO,n[l:4:2:OJ. 
Formed by the action of p-diazo-benzeno- 
sulphonio acid on s-di-amido-bcnzolc acid 
(Griess, B. 15, 2199). Needles or plates. Si. sol. 
water, cold alcohol, and ether. Very unstable. 
Decomposes by boiling with water. On reduction 
it gives sulphanilic acid and (5:3:2:l)-tri-ami(lo- I 
benzoic acid. 

8alpho-benzene-azo-aniline-8ulphonio*acid 
[4:1] C«H*(HSO,)—Nj—C„H,(HS0,1NH,. [1:?:4]. 
Amido-azo-henzem disulplionic acid. Formed 
by sulphonation of p-amido-benzeno-azo-ben- 
zene-p*sulphonic acid (Griess, B. 15, 2187). 
Violet glistening needles. Sol liot water. Dyes 
silk and wool yellow. On reduction with tin and 
HCl it gives sulphanilic acid and p-phenylenc- 
diamino-sulphonic acid. BaA"7iaq: orange 
needles, sol. hot water. 

m-Sulpho-benzeneazo - benzene-m - lulphonio 
acid [S:l] SO,H.C^,-N,—C,H,.SO,H [1:3J. 


Fomation.^l. From nitro-beniene 
phonic acid by treatment with sodium-amalgam 
(Claus a. Moser, B. 11, 762) or, better, with 
powdered zinc and EOH (Mahrenholtz a. Gilbert, 
A.. 202, 332).—2. One of the acids got by sul- 
phonating benzene • azo • benzene at 150® 
(Janovsky, ilf, 3, 244).—3. From potassium m- 
amido-benzono sulphonato and KMnO,. 

Monoclinic prisms, si sol water and alcohol, 
insol. ctlier. 

Salts.—Na^A'^S^nq,: monoclinic crystals.— 
(Nn,),.A"2aq. — CaA"4aq. — BaA"5aq. — 
PbA"4‘aq. 

Amide [200®]. Prisms, si sol water. 

Ethyl ether Et.,A". [100®]. 

Chloride C,H,(S0,C1).N,.C,,H,(S0201). 
[100°]. Acts upon cold cone, aqueous Ba(SHi. 
thus: CJI.(SO,C1).N,.C,H,(SO,01) + 2BaH,S*- 
K.(CuH,.SO.,.S).Ba + BaCl., + 2li.{S forming thio* 
sulph^-benzcno-azobenzene-tliio-sulphonioacii 
part of which then doconipuses according to the 
following equation: N 2 (C^H,.SO.,.S)KBa + H,S = 
ILN.^(C,iJ[|.SOo.S);.Ba+S forming the barium 
salt of hydrazobenzono di-ihio-di-sulphonio acid 
(Bauer, A. 229, 353). 

?H-Salpho-benzeneazo - benzene -p - sulphonio 
acid [4:1] C,H,(HS 03 )-N,-C«II,(IIS 03 ) [1:3]. 
Formed, togetlicr with the p-p-acid, by heating 
hen/.».‘ue-azo-benzenG with at 100® (Lim- 

pricht, B. 14,1350; llodatz, A. 215, 216), and 
l)y the oxidation of a mixture of m- and p- 
potassium amido - beiizono sulphonato with 
KMnO,. Uncrystalliscd syrup. On heating 
with dilute HCl to 150® it gives p- and in* 
amido-benzene-sulphonio acids (Limpricht, B. 
15, 1155). 

Halts. -K2A"2.]^aq: yellow needles, v. sot. 
water.—Ag^A". 

Chloride [125®]: red needles. 

Amide [25h°] : slender yellow needles. 

p-sulpho-benzene-azQ-benzene -p - Biilphonie 
acid. [4:1] SO.JI.C..n,-N,-C,.II,.SO,H [1:4]. 

Formation.— By oxidising aniido-benzene- 
p-sulphonic acid with KMnO, (Laar, B. 14, 
1928 ; Limpricht, B. 18, 1414).—2. Among the 
products of the sulphonation of benzene-azo* 
benzene at IGO® (Limpricht, B. 14, 1856; 16, 
1155 ; .Taiiovsky, M. 3, 242). 

Buby-red needles containing 2 
or 3 aq (J.), or aq (L.). Melts at about 60® or, 
when dry, at about 150®. HClAq at 160® gives 
sulphanilic acid and other products. 

Salts: K.^A"2^aq: si sol water.—NajA".— 
(NH,).^A".—Ag.^A".—CaA".—PbA"aq.—CuA’'6aq. 

OAforirie [222°]. Bed needles. 

Amide [above 300®]; orange plates ot 
needles, si sol. hot water. 

Bi-sulpbo-benztiae - azo-benzene - disnlphonle 
acid [5:3:1] C«H,(SO,H) 2 .N,.C,H,(SO,H)j [1:8:6]. 
From nitro-bonzent-di'Sulphonic acid, zinc dust, 
and baryta (llcicho, A, 203,64). Very deliques¬ 
cent crystals.—K,A” 3aq.—Ba^A’' 6aq. 

Bi-sulpho-benzene azo-benzene • di-tulphonie 
acid [4:3:1] C,H,(SO,H),.N,.G,Il,(SO,H), [1:3:4], 
From the corresponding nitro-benzene di-sul- 
phonic acid, zinc dust, and baryta-water (Beiohe, 
A. 203. 70). Salt8.-K,A'’ 3aq.-Ba.,A‘» 4aq. 

Chloride [58®]; radiating needles. 

Amide [222®]; white needles. 

p-Sulpho-benzene-azo-o-oresol. 

[4:1] C,H,(SO,H)-N,-CJI,(CH,)(OH) [l;l:4). 
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Formed hy th« action of dlazo-benz^e<|)-8al- 
phonic acid (by diazotising sulphamlio acid) on 
an alkaline solntion of o-cresol (NdlUng a. Kohnt 

B, 17, 364). Small reddish-brown needles, Sol. 
hot water. V. si. sol, alcohol. On reduction 
with tin and HCl it gives sulphniiilic acid and 
amido-o-crcsol C„n 3 (Cir,)(NHj(OH) [1;5:2]. 

Salts.--A'Na‘2{u] : yellow soluble plates. 
A's^a 3a(|: yellow tables, si. sol. hot water. 

p-Sulpho-benzene-azo-wi-crosol 
[4:1] 0,U,{^0,ll)--li.^^0JlJGH,){0n) [1:2:4]. 
Formed by the action o£ diazobenzenc-jj-snU 
phonic acid on an alkaline solution of ta-crcsol 
(Nolting a. Kolm, IS. 17, 30G). Small roddisli- 
brown crystals with violet reflex. V. sol. 
wator and hot alcohol. Orange-yellow dyo stuff. , 
On reduction it gives siilphanilic acid and : 
amido-wi-crcfiol 0,IJ;,(CriJ(NH.J(()Il) [1:2:5]. 

Salts: A'Na ; small yellow soluble noodles. 
A'Jla: yellow plates, v. si. sol. cold water. 

Sulpho-benzeno-azo-p-cresol 
[4:1] C,H,(S03ll) N.. • CJI,(Cig(OH) [1:5:2J. 

0 

or I '^C.II.CU,. 

C„H,(SO,H)—NJK 

Formatii»i.—l. By the action of ju-diazo- 
benzeuc-sulphonie acid on an alkaline solution 
of p-cresol.—2. By snlphonalion of benzene. ; 
azo-p-cresol (Noltii\g a. Kohn, IS. 17, 355). > 
Yellowish-brown plates with violet reflex. V. | 
sol. water and hot alcohol. Dyes silk and wool ‘ 
orange-yellow. On reduction with tin and IICI • 
it yields snlphanilio acid and amido-p-crcsoi . 

C. H.(CII,)(Nli,)(OII) [1;3:4]. i 

Balts: A'Na: soluble yellow plates. 
A'Kllaq.— A'.Mg 5aq.—A'.Jki: yellowish-brown ; 
tables, si. sol. liot water. I 

p-Sulpho-bonzeue-azo-i|'-cumenol 
r4:l]C,HdHSO.,)-N,-C„lf(CII,),OJI[l:5:5:G:2]. 
Formed by combining diazo-bonzeno-/)-sulphonic 
acid with il'-cumenol [70 ]. -■KA'2a(i: orange , 
needles (Liober»nauu a. Kostanecki, IS. 17, 

Suipho-benzcne-azo-othylaiainc. Putas- 
■itim salt. 0 , 11 ^(S 03 K)-N,— 0 H(NH,).Cli 3 . 
From the potassium salt of the correspond-1 
ing nitro-ooD)poiuid by rodiicing with ammonium : 
stflpbide (Kai>p(>!or, IS. 12, 2285). Silvery plates 
(from water); si. sol. water, insol. NaXO,Aq. 
KaOHAq dissolves it with crimson colour. 

9»-8TiIpho-bonzcnc-azo-(a)-naphthol j 

[8:13 0,H,(aSO,)~N,-C,oH,.01£ [1:4]. Pre- • 
pared by the action of an alkaline solution of 
(a)-naphthol on ^a-diazobenzeno sulphonio acid 
(Qricss, IS. 11, 2107). Small greenish leaflets. 
81. rol. cold water and coldjvlcohol. 
m-Salpbo-benzoae-azo-(/3)-uaplithol 


[3:1] 


-C,A(OH) [1:2] 

Prepared by the 


C„H,(HSO,)-N, 

I >c,„n,. 

action of an alkaline solution of (3)-naphthol ^ 
on m-diazobeuzeno sulphonio acid (Gricss, B. ! 
.11,2197). Sloudor red needles. V. sol. alcohol ’ 
and water. BoA^flaq: yellowish-rod scales. 
IN. sol. water. 

p.8alpho.benzene-azo-(a)-naphthol 
[4:1] C,H,{SO,H)-N,-C,„H„(OH) [1:4]. TropcB^ 
olvM 000, No. 1. From p-diazobenzeno sulphonio 
amd and an alkaline solution of (a)-naphthol 
(tdobermann a. Jacobsen, A* 211, 61). Orange- 


dye* Its absorption spectrum is given b| 
Hartley (G. J. 51,184). 

p- 8 alph 0 'ben 8 ene-a<o-(i 8 )-napbthol 

[4:1] CA(S 03 H)~-N,-OuH,{OH) [1:2] or 

I \CiuH^.irrojJ(2oZmcOOONo.3 

C, n,(SO,H)— 

Fi’orii p-diazo-benzeno siilphonic .acid and {$’) 
naphtliol (W. v. Miller, B. 13, 2G8; Hofmann, 

D. 10,1378 ; Grioss, D. 11, 2198). The absorp¬ 
tion spectrum has been examined by Hartley 
(C./. 51, 185). 

p-Sulpho-bon 2 ene-azo-(/ 3 )-naphthol sulphonio 
acid [‘ 1 : 1 ] C,JI,(HS 03 )-- N, - C,„H,(HBO 3 ) 0 H. 
Prepared by the action of p-diazobenzene 
siilphonic acid on an alkaline solution of ( 8 )- 
naphtliol sulplionic acid (Grier<s, B. 11, 2198; 
Btebbins, A. G. J. 2, 230). Yellowish red crys¬ 
tals. Excessively soluble in water. BaA"7^aq: 
ditlicLiUly soluble orange microscopic needles. 

7 )-Sulpbo-benzeiie-azo-{a)-imphthylamin© 

[■1:1] C.,11,(IIS();,)—N.- [l;4J. From 

diazotisodsulphanilic acid ami (a)-naplithylmruno 
(Grioss, IS. 12, 427). Brownisli-violet needles, 
V. si. sol. boiling water. Its acid solutions have 
a (loop magenta colour (Griess’s test for ihtrous 
acid); its alkaline solutions are orange. On 
reduction with tin and HCl it gives sulplianilio 
acid and (l,4)-naphtbylcne-diamine. 

Salts: KA'3aq: brownish-yellow plates, 
sol. hot water.—BaA'o Haq : sparingly soluble 
brown needles (Griess, JS. 15, 2190). 

p.3alphO'benzene.azo-(/3)-naphthylamine 
[4:1] C,lI,{lISO,)—N,.-C,oH„.NH. [l:2J or 

HNv ■ 

I ^CioHa. Formed by the 
C,IIj(IIS 03 )-HN/ 

action of ^j-diazo-benzene-sulphonio acid on 
(/3)-naphthyIamino hydrochloride (Griess, B. 
15,2191). Small ycIlowish-rcd needles. SI. soU 
wator, v. sol. hot alcohol, iusol. ether. On 
reduction with tin and HCl it gives sulpluinilio 
acid and ( 1 , 2)-naphtliylone-diamine.—KA'T^aq; 
orange plates, sol. hot water. 

Sulpho-benzeiie-azo-(a)-naphtliylaTnine sulph- 
onicacid C,H,(SO,II).N,.C,oTI,(SO,Il).NH,[l:4:2]. 
Formed by the action ofp-diazo-benzeno-sulpho- 
nic acid on (a)-napiitliylarninc-3iilphoriic acid 
(Grioss, B. 15, 2194). Needles or plates. Sol. 
water and alcohol, itisol. other, dyes silk and 
wool orange.—BaA" 7.Uiq: red needles or plates, 
sol. hot water.—BaH^A'^Saq: sparingly soluble 
violet-brown needles. 

;;-Sulpho - benzene -azc-{^)-]iaphthyl • pbenyl • 
amino C,H,(SOJI)-N 3 -C„IIa.NHC,n, or 
C,H,(S 03 H).HN,.C,oH, 

\/ . Prepared by slowly 

N.C.,H, 

adding dryp-diazobcnzcne-sulphonic acid (18 g.) 
to a solution of phcnyl-{i 8 )-naphthylaniino (22 g.) 
in glacial acetic acid (100 c.c.) at c. 50°, followed 
by finely powdered dry KXO, (7 g.); the com¬ 
pound separates out in glistening red needles of 
the potassium-salt. It is a splendid scarlet 
dyestuff, but is very fugitive in light. The 
potassium salt is easily soluble in water; when 
cold it.s solution solidifies to a transparent rod 
jelly. IICI precipitates the free acid. By SnOl^i 
it is reduced to phenyl-o-naphthylone-diamine 
and sulpbanilio acid. By boiling with dilate 
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mineral aoidi it it converted into naphthophen- 
azine and eulphanilio aoid: 

OA(SO.H).N,.0,.H,-NHO.H. “ 

Oi.H.< 5J>C.H, + C,H,(NH.)SO,H. The Ba and 

Ca salts arc crystalline insolable pps. (Witt, B, 
20, 572). 

p-Salpho-benzene-azo-nitro-isobutane 
C.,H,(IISOJ-N. C.n^lNO,). Prepared by tlio ‘ 
action of p-iliazolxoizcnc-snlplionic acM on an ' 
alkaline solution of nitro-iso-butano.—KA'ai[:| 
oran}<c-yoUow nocillos. Soluble in alkalis to a , 
red solution. Dyos silk orange {Ka])peler, 1). ; 
12, 22SS). I 

p-Saluho-bonzene-azo-nitro-etbane | 

CJI,(HSO,)—N,-C.,HdNO,). Prei)ared by the ! 
action of ;>-diazolK‘n;5eno-sulphonic acid on an j 
alkaline solution of nilro-othane. A'K: goltlen , 
yellow loallets, sparingly soluble in cold waliT, | 
soluble in alkalis to a blood-red solution | 
(Kappcier, B. 12, 2280). 

p-Sulpho-bcuzcue-azo-nitro-mctbano j 

CJI,(USO;,} N,-€IT,(NO,). Prepared by the 
action of jri-diji/.oixuizene-sulphonic acid on an 
alkaline aululion of nitro-motliane. -K.V'oai{.‘ 
orange nccMllcs. I>y(‘3 silk orange (Kaiipdcr, 
B. 12, 22S()). 

p.SulpUo*beuzcuo<azo*nitro-propaa6 
C J£.(KSO^) -N.,-C( SO .,) (C11,),. Prepared by 
tlio action of ^^-diazobunzcuc-sulphonic aoiil 
on an alkaline solution of nitro-isopropano. 
A'K: liglit yellow Icalb-ts. Has no dyeing 
power. In.solublo in alkalis (Kuppoler, B. 12, 
2287). 

p-Sulphobenzenevazo-orcin 
[4:1] C..ll*{lISO,)-N,,-C,H,(CII,)(OH),. Small 
yellowisli-rod noodles. Diilie.ulLly soluble in 
water. Prejiarod by the action of an alkaline 
solution of orcin upon ^ndiazoben/ivno-sulplioiiic 
acid.—ivA'2aq {Griess, B. 11, 2l!tb). 

p-Sulpho-benzene-azo-O'Oxy-benzoic acid 
[4:1] CJl.(SO,II)-N.,- CJl 3 (On.)(CO,II) [1:-1:5J. 
Prom (lia/.otiscdsulphanilicacid and an alkaliuo 
solution of salicylic acid. Golden needb^s; si. 
sol. hot water (tlricss, B. 11, 211)0 ; Stebbins, 
a 13, 71(5). Pall,A".,. 

o.Salpho-benzeuo-azo-ozy‘*quinoliQe 
(/Mj («. 1. /CXPCII 
0«H,(HS0,)^N,-C«II,(0H)<; I . Formed' 
: CH 

by the combination of jj-diazo-bonzene-sulphonio 
acid with (II. 4)-oxy-(piinolino (Fi.scher a. 
Benonf.Il. 17,1(512). Small needles. Orangedyo. 

^.Sulpho-benzene-azo-pbenol disulpbonic acid 
CflH,(SOJl) ~N,-.C,,H,(S0,H).,(011). Formed 
by heating azoxybonzene with fuming U.SO,. 
Small soluble Hat red needles with green lustre. 
On reduction it gives p amido-benzcnc-sulplionio 
aoid and amido-phcnol-di-sulphonic acid. , 
Salts.—A'"K33aq: yellow microscopic 
jiecdles, easily soluble. Bromine-wattr gives tri* 
bromo-phenol.—A"'Ag : unstable rod pp.— 
A"y^aj7aq: brown crystalline pp.—A'^^bjlla'i. 
Chloride', red crystalline powder |220'J. 
Amide: yellow plates [260’f, sparingly 
soluble iu alcohol (Limpricht, £. 15, 12U7; 
Wilsing, A. 215, 234). 

i>.Salpho-benze]ie<azO‘Xylenol 
[4:1] C,H,(SO,H)-N2-C«H.,Me,.OH [l:.^:.5.2j. 
Formed by combining diazohenzone- 2 >* 8 ulphonic 
acid with j»-xylenol CJl3Mea{0H) [1:8:4] ^ 
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(Oreyingk, B. 19,148/. Dyes wool and silk a 
brownisa yellow from an aoid bath. On redno* 
tion it yields sulphanilic acid and o*amido*m> 
xylenol 0«H,Me,(NH*){0H) [5:3:1:2]. 

Sulpho • carboxy. benzene >azo-(i3)-iiapbthol« 
{a)-di-8iilpbonic acid 

C,H,(CO,II)(SO,H)-N.,-0„.H,fOTl)(SO,H)j. 
rrep.arod by tlio ncli<»n of w-diazo-snlpho- 
btm/.oic acid on nn alk.iHiie solution of (/8)* 
n;ipliiliol-(a)-di-sulpluuiic. neij (Grioss, B, 
11, 2<);i8). Orange nroines or pl•i^lIls. V. sol. 
\Yatcr and alcohol, iasol. etli.T. Salts.— 

A'^olldla.,3iU|: sligdiLly soluble ylhuv needles. 
A t5;i .5.1(1 • nenrly iustdubb? icil crN>t .ilIino pp. 

Suipho-carboxy-benzeue - azo - oxv - naphthoic 
acidC..lI,{SO,ll){CO,ll) •N,--0,J!.i(>ll)(C(:)Ji). 
lbv)*iuvd by ibo :u!tioM of di.i;o);;it!j)UoiM'ii/.oio 
aei'i on an iilkaliuo solution of (a)-o.'<y-nuplithoio 
acid (Gricss, IS. 11, 2l‘.lU). Brown microseoinc 
tih’cdlcs c)r Icatlcts. SI. .sol. wat(“V. 

Sulpho-naphthalene -azo-{/3)-impbthol.di8ul. 
phonic acid C|„ir.(S(>.;ll).X.,.{y,„ll,(<• M)(SO;,iI).j. 
Cnm-on dye (S!cl:l)iii,'(, A. C. J. 2, 1 )(*). 

Sulph (-tolucnc-aza-tolueuD-siilphonic acid 
[2:1:1] C,ir,M-(S(bUl.X,.C„ir,j\l(MS(>,H) [1:2:4]. 
i''roin potassium o-toliii-liiu' siil|i:uujate (of 
Ciervc'i) and KMnO, (Kornat/ki, -t. 221, 183). 
Smailrod prisms, groiijt(!(l in tabb'.s, very soluble in 
Yvater and iu alcohol. K,A": red plates grouped 
in clumps. - l>iiA"a(i.—CaA"3a(|. l‘liA"a(p 

Chloride. [2l8'^J. Bed needb-.s (from (bllj). 

Amide. (250 J. Tables (from a(|u<'()us Nllj). 

Sulpho-tolusnc-azo-loluenc-sulplionic acid 
[2:5:1J C,.U,Mc(S(),a).N,.C..ir,.Mo(.S(>.,lJ) [1:2:5]. 

A::o-toli<riie-(li.Huli)ltt)nic acid. J’rom o-nitro* 
toluene siil[)honic acid, ziiu; dust, and KOlIAq 
(Neale. A. 2U:5, 71); or from o-lfdiiidine sul* 
phonic acid of Haydnck and KMnO,, (Komatzki, 
/1.221,181). Salts.—BaA"la'p - Iv,A"2.iaq.— 
CaA"5a(].—PbA'Matj. 

Chloride. [220°]. Bed prisms. 

Amid e. [300°]. Bed powder. 

SulphO'toluene • azo - toluene - buI phonic acid 
[4:6:1] C,U3Me(S03'U).N,,.C..U,Mo(S(),ll) [1:4:0]. 
From potassium 2 ’-tolihdmo sulphouate and 
KJfnO, (Koniatzki, A. 221, 182). 

Salt,—BaA" 3aq. 

Sulpho-toluone-azo'toluene-sulphonic aoid 
[4:5:1] C,.Il3Mo{SO,,ll).N,.C,U3Me{S()-,ll) [1:4:5]. 
From p-nitro-tolueno o-sulplionic. acid, KOHAq, 
and zinc dust (Neale, .^1. 20.3, 80); or from 
potassic p-toluidinc sulpboiiate and KMnO^. 

K,. A" 3aq. — Oil A" 3a(p—BaA" acp—i’bA" 2aq. 

Ohio ride. 1 104°]. B<(d cry.slalfl. 

A mide. [270°]. •Vellow. 

Efo - Sulpho - toluene - azo - toluene - exo - ml • 
phonic acid SO;,il.CIb.C.,II,.N._..C„lI,.CIIj.SO,H. 

Formation. —1. Frcui 0„1I,(NO..,).C1I.»SO,U 
by boiling with zinc dust and KOll or BailOII)^.— 
2. From CJl.(NlI,).CIl,.SO.Kaud KMuOJMohr, 
A. 221,223). SallH.—K;;A"^aq: orange plates.— 
BaA" 1 ta(p—Ag.A" aq. 

Chloride. [l-B)']. 

Sulpho-xylene-azo-di-brorao-naphthol 
C.JLMe,,(S 03 lI)— N.;— C,„lI,Br.^(()ll). From p- 
diazo-.xylonc sulphonic acid and di-bromo-(a)* 
naiihthol (Stebbin.s, jun., A. C. J. 2, 446). ^1. 
hot water, forming a scarlet solution. 

Sulpho.xylene-azo-(o)-naphthol 
CJIaMe^(SO^U)— N,— C,oU,OIi. From p-diw> 
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xylene snlphonio acid and (a)-naphthol (Stebbini, 
jun,, A. 0. J. 2, 446). Brown dye; eoL water. 

8nlpliO'm-xylene-aEo-(;6)-naphthol 
[1:8:6:4] C«H,Me,{S03H)-N,~C,oH«{OH). 
Formed by the action of diazo-m-xylene sulpho* 
nic acid (from m-xylidine sulphonio acid) upon 
an alkaline solution of (/3)-napbthol (Nolting a. 
Kohn» B. 19,139). Metallic green crystals. SI. 
sol. cold water. Dyes wool and silk from an 
acid bath a yellowish shade of scarlet. 

Salts.—A'Na* : rod soluble plates.—A'«Ba: 
b 1. sol. hot water. 

8alpbo-xylene*azo-(j8)*pbenanthrol. Fromp- 
diazO'Xyleno sulphonic acid and (/3)-phenaTithrol 
(Stebbina, A. C. J. 2, 44(1). lleddish*brown dye. 

Sulpho-xylene-azo-resorcin v» Di-oxy-dbn- 

BENE-AZO-XYLliNE SULPHONIO ACID. 

Salpbo-xylene-azo.zylene sulphonio acid 
[2:4:5:13 C„II,Mo4S03H)-N,-C,Il3Mo,(S03H) 
[1:2:4:5]. Formed by oxidising (1, 3, 0, 4)- 
zylidino sulphonio acid with dilute KMn 04 
(Jacobsen a. Ledderbogo, J). 10, 194); or by 
reducing (0,1, 3, 4)-nitro-xylcne sulphonic acid 
with 2 inc-du 8 t and NaOH (Limpricht, B. 18, 
2191). Orange plates; v. sol. water; si. sol. acids. 

Salts.-K,A"4aa.—KlfA"4aq. 

Chloride. [80'J; red crystals. 

Amide. [174®]. 

9;t*Thio*sulpho*benzene • azo-benzene. sulpbi* 
nic acid [3:1] (HS.SO,)C„n 4 .N,.C«H 4 (SO,H) fl:3J. 
[below 100-’]. A solution of the barium thio- 
Bulpho-benzcne-azo- (or hydrazo-) benzene-thio- 
Bulphonatc gives, on evaporation, S and the suit 
of the present acid. This salt forms red crusts 
which are sparingly soluble in water, but are 
converted by boiling Na^COg into the soluble 
Na salt, whence HCl separates the free acid as a 
bulky flocculent pp. hardly soluble in water, but 
resinitied by boiling with it. It is soluble in 
alcohol. Oxidised by KMuO^ to ^.(CuH^SOsK)^ 

Salts.—BaA" (dried at 110°).—K^A".-- 
NajjA" (dried at 130°). 

Isomer. —Ammonia converts the acid into a 
brown amorphous base, isomeric with it (Lim¬ 
pricht, B. 18,1472; Bauer, A. 229,300). 

wt-Thio-sulpbo-beuzene -azo-benzene -m-thio* 
■nlphonic acid 

[3:1] HS.SO,.C3H,.N,.C«n,.SO,.SH [1:3]. 
[91°-93°]. From its salts by adding glacial 
acetic acid. A voluminous yellow pp, insol. 
water or alcohol, and rcsinified whcL boiled 
with them (Limpricht, 18, 1471; Bauer, A. 
229, 358). 

„ Barium salt.—BaA"6aq. One of the pro¬ 
ducts of the action of liaric sulphydrato upon 
the chloride of sulpho-benzene-azo-bonzcne- 
sulphonic acid {q. v.), V. sol. hot water, si. sol. 
cold water, nearly insoluble in alcohol. Yellow 
amraonio sulphide slowly converts it into the 
corresponding hydrazo* compound. 

Ka.A"a:aq. Its solutions give amorphous 
pps. with salts of Cu, Fb, Ag and Fo'". 

jp-Tbio-sulpho -benzene-azo- benzene - thiosnl- 
phonic acid 

[4:1] C,H4(S02SH)-N3-C„H4(S0,SH) [1:4]. 

Yellow amorphous solid. Si. sol. water and 
alcohol. Formed by the action of a saturated 
aqueous solution of Ba(SH )2 upon the chloride 
of Bulpho*bonzone-azo*benzeDo*8ulphonio acid. 
lJa,A"a:aq: very soluble yellow warty crystals. 


I —BaA" J yellow warty crystals, sol. hot watcf 
(Limpricht, B. 18,1474; Bauer, A. 229, 868 ). 

|)-Tolnene-azo*aceto.aeetio acid 
[4:1] 03H4(CH,)-N2- CH(C0.CH3).C02H. [188«]. 

Ethyl ether A'Et: [70°]; yellow needles. 
Formed by the action of p-diazo-toluene chlo¬ 
ride on an alcoholic solution of sodio-acetacetio 
ether (Zilblin, B. 11,1419; lUchter a. Munzer. 
B. 17,1929). 

p-Toluene-azo-acetone 
[4:1] C„H4(<2H3)-N2-CH2.CO.CH3. [115°]. 

Formation. —1. By heating p-tolueno-azo- 
aceto-occtio ether with a dilute alcoholic solution 
of NaOII.—2. By heating p-toluene-azo-aceto- 
acetic acid above its melting-point, COj being 
evolved (liichtcr a. Miinzer, B. 17, 1929). Yel* 
low needles. SI. sol. water. 

Toluene-azo-bromo-toluene 
CijHiMo—Nj—C«H;,13rMe. Bromo-azodoluene, 

[130°] (P.); [138-5°J (J. a. E.). Formed by 
brominating ^-toluene-^-azo-toluono (Petrieff, 
B. G, 557; Janovsky a. Erb, B. 20,363). Golden 
plates or needles, lleduces to a hydrazo* com¬ 
pound [119°j. 

Toluene-azo-chloro-toluene 
[4:1] C,H 4 Mo.N 2 .C„H 3 MeCl [1:5:2]. [97°], Formed 
by the action of cuprous chloride upon diazotised 

toluene-^-azo-toluidino (from ^-toluidine); 
yield, 20 p.c. of theoretical. Brown plates. V. sol. 
alcohol, ether, and benzene (Mentha, B.19,3026). 

p-Toluene-azo-j^-cresol 

[4:1] 03114 ( 0113 )-N2-C«H3(CH,)(0H} [1:6:2] 

[113'’]. Obtained by the action of p-diazo- 
toluone chloride on an alkaline solution of p- 
' crosol. It is also formed by diazotising p-toluene* 

' azo-p-toluidine C,H 4 ( 01 l 3 )-N 2 —C„H 3 (CH 3 )(NHj) 

I and boiling the product with water (Noiting a. 
Kohn, B. 17 , 354). Ileddish needles or yellow 
tables. V. sol. other, benzene, and hot alcohol. 

Acetyl derivative [91°], yellow needles. 

Benzoyl derivative [95°], small yellow 
needles. 

o-Toluene-azO'ethyl*()9)*naplithyi-amine 
[2:1]C,H,(CII,) -N2-0,oII„(NHEt)[l:2]. [132°]. 
Formed by heating ethyl-(j9).naphthyI-nitro8- 
amine with an acetic acid solution of o-toluidinc 
(Honriques, B. 17, 2670). 

p.Toluene.azo.ethyl.(i8).naphthyl.ainine 
[4:1] C^4(CH,).N2.C,„ne(NHEt) [1:2]. [H3°J. 

Formed by heating ethyl-(j 8 ).naphthyl-nitro 3 - 
amine with an acetic acid solution of p-toluidinc 
(Henriques, B. 17, 2670). 

o-Toluette-p*azo-(a)-naphthol 
[2:1] C4H4Me.N^C„He(OH) [1:4]. (ayBapUlUh 
quinonc-o-tolyl’hydrazide. [146°]. 

Formation, —1. From o-diazo-tolnene and 
(a)-naphthol.—2. From (n)*naphthoquinon6 and 
o-tolyl-hydrazino. 

Properties .—glistening needles. V. sob 
alcohol, aeetic acid, and benzene, less readily in 
benzoline. HNO, converts it into di-nitro-(a)- 
naphthol. With HCl and HBr it gives dark 
blue metallic-glistening salts. Dissolves in di¬ 
lute NaOH.. 

Methyl ef feerC„H„N 2 (OMe) [93°j; reddish- 
brown glistening needles; easily soluble in ordi¬ 
nary solvents. 

Ethyl ether C„H„N 2 (OEt) [94°]; red 
plates or dark thick needles (Zinoke a. Bathgen. 
B. 19, 2488). 
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p>TollieB9<^^0.(a)>lUtpbtbol 

:4:1] C,H,Me.N,.C,„H,(OH) [1:4]. {a)-Naphtho- 
luinotu-P‘tolyl'h^razide. [ 208 ^]. 

Formatiofu — 1. From ^-diazo-toluene and 
a)-naphthoI.—2. From (a)-naphthoquinone and 
j-tolyl-bydruzine. j 

Metallic - glistening dark - rod 
pangles. V. sol. acetone, aniline, and Lot 
litrobenzenc, si. sol. alcohol, acetic acid, and 
enzenc. Dissolves in dilute NaOH. llNOj 
converts it into di-nitro-(o)-naphthol. Not at¬ 
tacked by bromine in acetic acid solution. With 
mineral acids it forms salts which separate in 
bluish-grccn metallic-glistening plates. By 
heating with baryta-water it is rendered in¬ 
soluble in alkalis.—B'HGI.—B'HBr. 

Methyl ether C„H„N,(OMe) [104®]. 
Ethyl ether C,;H,jN 2 (OEt) [127°], large 
red crystals or red needles. 

Acetyl derivative C„H, 3 N.^(OAc) [102°], 
fine yellowish needles (from benzoline) (Zincko 
a. Kathgcn, B. 19, 2480). 

o-Toluene- 0 'azo-(a)-naphthol 
[2:1] C,H,Me.N,.C, JI,(OIl) [2:1] or 

I >C,oH,. {$)-NaphthO’Quinom-o- 
C,H,M 0 .HN/ 

tolyl-hydrazide. [106°]. Formed by the action 
of o-tolyl-hydrazinc upon (i 8 )-naphthoquinono. 
Olistoning red plates. Easily soluble in ordinary 
solvents. HNOj converts it into di-nitro-(a). | 
naphthol. Bromine gives a di-bromo-dcrivativo 
[254°] (Zinckc a. Balhgcn, B. 19, 2492). 

p-Toluene-o-azo-(a)-naphthol 
[4:1] C 6 H^!iIe.N,.C,„H,{OH) [2:1] or 

C, H,Me.N..n ^ {0]-NapHho-<iuinone- 

l^-tolijl-hudrazide. [145°J. Formed by the 
action of 7 )-tolyl-hydrazine upon (/3)-naphtho- 
quinono. lied slender glistening needles. V, 
sol. alcohol, benzene, and acetic acid, sparingly 
in benzoline. By SnCl^ it is reduced to (/ 8 )- 
amido-(a).naphthol and p-toluidino. HNOg con¬ 
verts it into di-nltro-(a)-uaphthoI. Bromine 
gives a di-bromo-dcrivative [23G°] (Zincko a. 
Rathgcn, B. 19, 2491]. 

p-Toluene-o-azo-(3)-naphthol 
[4:1] CJI,Mc.N,.C,JI,(OH) [1:2] or 

[ISS”]. Formed by 
combination of p-diazo-tolueno with (/l)>naph- 
thol. Thick rod needles or tables. V. sol. alcohol, 
benzene, acetic acid, and acetone. Insoluble in 
cold dilute NaOH. With acids it forms unstable 
salts. Bromine in acetic acid converts it into a 
ii-bromo-derivative [190°]. HiSO, gives di-nitro- 
(3)-naphthol (Zincke a. Rathgcn, B. 19, 2490). 

o-Toluene-o-azo-(d)-LaphthoL 
:2:1] 0,H,Me.N,.C,oH,{OH) [1:2] or 

D, H<Mc.N,h/Ac,oH». [131°]. Pcirmed by 
combination of o-diazo-toluene with(3)-naphthol. 
ii'ine red needles or plates. Insol. cold dilute 
c^aOH. With acids it forms unstable salts. 
INO,convcrt8itintodi-nitro-(/3)-naphthol. Bro- 
nine forms a mono-bromo-derivative [167°]. 
Zincke a. Rathgen, B. 19, 2491; Fischer, B. 20, 
.580). 

»-Toluene-azo-(^)-&aplithol disolphonio acid 
Nj—C, oH 4 (OH)(SOsH) 3 , From sodium- 
B) naphthol dlBulphonate and p-diazo-toluene 


nitrate (Stebbina, A, C. /. 2, 236; O.N. 42,44). 
Bed leafiets, v. sol. water. Soarlot dye. The 
corresponding o- compound dyes yellower, the 
m- compound, redder. 

p-Toluene.azo-(a).jiaphthylamind 
[4:1] CJI,(CH3)-N,-C,A-Nn, [1:4]. [145°]. 
Prepared by the action of p-diazo-tolueno sul¬ 
phate on (a).naphthylainine (Wcsolsky a. Bcue- 
dikt, B. 12, 229). Red ler.llots; insol. water.— 
B'JLSO,3a<i: steel-blue needles. 

o-Toiuene-azo-nitro-ethane 
[2:1] CJI,Me-N,-CH(NO.,).CHa. [88°]. From 
o-diazo-toluene nitrate and potassium nitro- 
othane (Barbieri, B. 9, H87). Unstable orange 
needles.—NaA': golden spangles. 

p-Toluene-azo-nitro-ethane. [133°]. Prepared 
like the preceding (B.). Orange prisms with 
steel-blue lustre. Its alkaline solutions are 
deep red. 

Toluene-azO'Sitro-tolnene 
C„HjMc—Nj—C8H,(N0.j)Me. Nitro-azo-inhiene 

[114°]. Among the products of the nitration 
of toluene-azo-toluene dissolved in glacial acetic 
acid (Janowsky a. Erb, B. 20, 363). Orange 
monoclinic needles (from 90 p.c. alcohol). 

Tolu6ne-azo-nitro4oluene.[76°].Fromto1uene* 
azo-toluene and HNO, (S.G. 1*4) (PetrieiT, B. 6, 
557). 

o-Toluene-azo-orein 

C^H.Me—N 2 -CJUro(OII)., [203°-206°]. From 
o-diazo-toluene and orcin (Scichilonc, O. 12, 
223). Red-brown crystals. 

p-Toluene-azo-thymol sulphonic acid 
C,H,(CH,)-N.,-OJI(ClIa)(C,II,)(HHO;,)OH. 
Prepared by the action of ^)-diazo-tolucne- 
chlorlde on sodium thymol-sulphonato.—A'Na: 
slender yellow needles; sol. alcohol and hot 
water, almost insoluble in cold water (Htebbinz, 
B. 14, 2795). 

O'Tolaene-o-azo-toluene 

[2:1] Me.C 8 H 4 —Nj-C^H.-Me [1:2]. o-Azo^toluene 
[55°]. 

Preparation.—1. By distilling o-nilro-tolueno 
with alcoholic potash; or by reducing it with 
zinc-dust and alcoliolic NaOH (Schultz, B. 17, 
497). Cannot bo prepared by reducing o-nitro- 
toluene in alcoholic solution with sodium-amal¬ 
gam (Perkin).—2. From o-toluidine and EMDO 4 
(Hoogewcril a. van Dorp, B. 11,1203). 

Propcrlies.—'Da.r^ red trimetrio prisms; 
a:6;c»2'225:l:l*708. Volatilo with steam. Gives 
a mono-nitro- derivative [c. G7°J, a di-nitro- 
derivalivc, [142°], and a tri-nitro-derivative that 
decomposes before melting (Petrieff). 

m-Toluene-m-azO'toluene , 

[.3:1] Mo.C^H,—N^-CJI^Me [1:3]. m^Azo-toluem 
[51°] (G.); [55°] (B.). From w-nitro-toluene 
by boiling with alcoholic KOH (Goldschmidt, 
B. 11, lG2i), or by treatment with zinc-dust and 
alcoholic KOH (Barsilowsky, B. 10, 2007; A, 
207,114). Orange-red trimctric tables, a:b:em 
■85:1: *54. V. sol. alcohol. 

n-Toluene-^-azo-toluene. p-Azo^toluene 
[4:1] Mc.C.H,—N.,—C^H^Mo [1:4]. [144°]. 

Fommtion .—From p-toluidine and CrOg ia 
glacial acetic acid; or by treating a solution of 
p-toluidine in chloroform with bleaching-powder 
(B. Schmitt, J.pr. [2] 18,198). Or by oxidising 
•toluidine with H^Og (Leeds, B. 14, 1882), or 
enzoyl peroxide. Cannot be prepared by dis¬ 
tilling p-nitro-toluene with iJcohoUo potash 
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(Perkin), tor t>y eucb treatment a rad oondensa* 
tion product is obtained wkioh on further reduc¬ 
tion gives di-amilo-di-phenyl'ethylene [227®J. 
(Bender a. Schultz, B. 10, 3237). 

;?-Nitro-toIuene (20g.) in alco¬ 
hol is trmitod witli sudiiiin-aumlgain added gradu¬ 
ally, the inixliiro Ix'ing frequently cooled. The 
brown solid lluit separates is crystallised from 
glacial acetic acid (Porkiii, 0. J. 37, 554 , 0 /. 
Jaworslcy, J. pr. 1)4, ; Werigo, Z. 186-1, C IO ; 

Ah'xejelT, Z. ISOC, ‘260; Melms, B. 3, 5-10; 
tiebulU, B. 17. 472). 

I'ropcrlirs. Kcd Irimotric needles. V. sol. 
alcohol and ligroin, si. sol. .alcohol. Slowly re¬ 
duced to hydr;i/o-lolueiu3 by ammonium sul¬ 
phide. In ulenhollo soluUon it is reduci-d by 
{^nCLaiid llCl to tolidine 19P]. (S.). Nitric 
acid forms a mono nitro- derivative, [76°J, a 
dinitro- derivative |J10'J, and a tri-nitro-deriva¬ 
tive (l’(itri(?iY). 

o-Toluene- 7 a-azo-toluene 
[2:l]CJi^(CI[,) N, -0,fr,((;iT,)[l:.31. Obtained 
by diazolisiij'^ o-toUiene-a/o-o-toliiidino (from o- 
toluidine) and treating the diazo- conipomid with 
alcohol (Schull/,, P. i7,470). Bed oil. Volatile 
with steam. V. sol. alcoliol and ether. By 
8 nCL and HCl in alcoholic solution it is con¬ 
verted into an unsymmctrical tolidine, 
tn-Toluenc.;)-azo-toluene 
[4:11 0,,lI,(OIl,)-N,-C„H,,{Ciy [1:3]. [58®]. 

Formi(lion.—l. By the action of zinc-dust 
and alcohol upon o-diazo-tolnenc-azo-tolucne.— 
2, By the action of Ag/) and alcohol upon the 
compound C,,1I,,N, the reduction-product of 
o-diazo-tolneno-azo-loliicne (/incke a. Lawson, 
5.19,1-158). Brownish-red plates. V, sol. alco¬ 
hol, ether and benzene. 

o-Tolucne-azo-o-toluidine 
[2:1] C«Il,(CII,)-N,-Cjr,{Ciy(NH,) [1:3:-1] 
[ 100 ^]. Bormed by passing nitrous acid gas 
into o-toluiiliue (Niotzki, fi. 10, 662). Tri- 
metric crystals, a:5:c-= 1*0116:1:1'3268. Heated 
with aniline liydrochlorido and alcohol at 100 ® it 
forms a red dye resembling saffranin. 

SaIts.--B'HCI: orange tables.—B'gHnPtCle. 
Acetyl dnrirativc 

0,H,-N,-C,n,dNlj.\c). [185®]. Slender red 
needles, v. soi. nleoliol {Schultz, B. 17,469). 

?r{-Tolueno-azo- 7 U-toluidine 
[8:1] C,H,Mo-N,-C,H 3 l\Ie(Nn,) [1:2:4]. [80®]. 
Formed by treating an alcoholic solution of 
m-toliiidirio witli nitrous acid gas (Nietzki, 
B. 10, 1155). (h>!den needles. — B'HCl. — 
B'JIjl’tClg. Gives ^J-te’yleno diamhio, [64°J, on 
lednction. 

p.Toluoue-azo-o-toluidine 
[4:1] C,H,Mo- N, C,II,Me{NH,.) [1:3:4]. [128®]. 
i’rora 2 ’*diazo-tolueno toluido and o-toluidinc 
hydrochloride (Nicizki, B. 10, 832). Gives 
p-tolylcne-diamine, [61®], on reduction. Heated 
with aniline hydrochloride it forms a violet dye. 
S a 11 8 .-B'HCl.~B'j,H 2 PtCJ,. 

P-Tolueue-azo-nt-toluidine 
(4:l]C,ll,i\Io-N,-C„II,Me(NH,)[1:2:4]. [127®]. 
From ;)-diazo-toluone toluide and ni-toluidine 
hydrocliloride in alcoholic solution (Nietzki, B. 
10,1156). Largo yellow plates. Gives p-tolylene- 
diauiine [64''j on reduction. 

Salta.- B HCl.-B',Il,rtCy 


[4:1] C,H,Me-N,-CgH,Me(NH2) [1:5:2] o» 
NH V 

I NOaHjMc. [119®]. o-Amido-azo* 
0«n,Me.N2H/ 

toluene. Toliiene-hydrazimido-toluene. Pre¬ 
pared by heating p-diazo-toluene-p-toluide 
jdiazo-amido-toluene), dissolved in 5 or 6 times 
its weight of melted p-toluidine, with p-toluidine 
hydrochloride (1 mol.) at 65" for 12 hours. 
Orangc-red glistening needles. V. sol. hot alco¬ 
hol, acetic ether, and benzene. On reduction 
it gives p-toluidine and lolylenc-o-diamino. CrO, 
oxi'lisos it in acetic acid solution to toluene- 
azimido-toluone C^H,— N.,— C;H„ (Zincke, B. 18, 
3142). Heated with p-toluidinc bydroeliloride 
. and p-toluidinc at 100 ® ii gives a body C,.H^jN, 
analogous to uzophenine wliicli forms flat red 
needles. Heated to a liigher temperaturo dye- 
stulTs of tlic indulinc series are formed. It is 
converted into eurhodino by healing 

witlt (n)-naplitliylamjno liydrochloride (Witt, 
C. J. 49, 393). The salts of o-amido-azo-p- 
tolmme are yellow in the solid slate, but dissolve 
to green solutions.—B'HCl: slender light-yellow 
needles. 


Acetyl derivative. [157®]; yellowfolted 
needles. 

Benzoyl derivative. [135°]; orange- 
yellow needles (Witt a. Nolting, B. 17, 77). 

Disuljjhonic acid C,JI,sNa(SO:,H)j. 
Formed by sulphonatiiig witli fuming HoSO* 
(N. a. W.). Greyish white needles. Is a yellow 
dyestuff of redder shade than ‘ acid yellow.’— 
BaA"4aq: brownish-red crystalline powder. 

p-Tolnene-azo-tolylcne-diamine 
[4:1] C.JI,Mo -N,—CJI,,Mo(NJI,), fl;3:4:6]. 
[183®]. From p-diazo-tolueno nitrate and toly- 
lene-«:-diamine (Hofmann, B. 10, 218). Orange 
needles, v. sol. alcohol, insol. water.—B"HC1.— 
B"JLriCl,. 

Xylenc-a 2 o-(j 8 )-naphthol-{ 0 }- 8 ulphonic acid. 
Diazo-xylenc docs not combine with Biimpf’s *«’- 
Bulphonic acid of {. 8 )-nnphthol in dilute alkaline 
solution, although some other diazo-compounds 
(such as diazo-benzenc) do combine with it under 
the same conditions. If, however, tlio solution 
is very concentrated, the combination with 
diazo-xylene takes place. The product forma 
red needles, dissolves in H.BO 4 with a red 
colour, and dyeswoola somewlmt yellower sliado 
than the compound from Scliiifer’s *i 8 ’-acid 
(Schultz, B. 17, 461). 

Xyleue-azo-tbymol-sulphonio acid 
C,Jl3(CIl,)2-N3-C,11(011,){C,H,)(HS 03 )OH. 
Slender yellow needles. Prepared by the action 
of diazo-xylenc chloride on sodium tliymol* 
sulphonate.—A'.Ba: small yellow needles or 



C,Hs(CH 3 ),-N 2 -C 3 H,(CH,) 2 . Azo-xylene [12C® 
corr.J Formed by reduction of nitro-we-xylene 
with sodium-amalgam or with zinc-dust and alco¬ 
holic N'aOH ; very small yield. A b<‘tter yield 
is obtained by oxidation of xylidino with alkaline 
potassium ferricyanide (Werigo, Z, 1864, 723; 
1865, 312; Samonol!, Bl. [2] 39, 597; J. B. 
1882, 327 ; Schultz, B. 17, 476). Bed needles. 
Sol. iiot alcohol. It does not appear to gi^ a 
dixylyl base by treatment with SnCl^ and HCl 
in alcoholic solution. 
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M.ZTlaM-0*u6-m-iyUdin0 
Iij4;l3 OAMe,-N,-CAMe,(NH,) [1:8:5:63 
NHv 

or i o-Amid(S‘azo> 

vylene. [78®] 

Prepara<ion.-“Diazo-W‘XyIene-ffMylid«‘,prc- 
parod % adding a solution of 1 mol. of sodium 
nitrite to a mixture of 1 mol. of 7 H'X>’lidine 
C,H 5 Mea.NH..[lr 3 :-lJ and 1 mol. of Us hydro- 
ohiorido, is dissolved in m-xylidino and gently 
warmed for a long time with about 5 p.c. of 
t»-xylidine hydrochloride. Tho mixture is tlicn 
acidified with dilute HC1, tho precipitated hydro¬ 
chloride is tiUered oiT, washed with water, 
alcohol, and other, b.-isifiod, and crystallised 
from alcohol or benzene; tho yield is 70 p.c. to 
80 p.c. of theoretical. Orange plates. V. sol. 
benzene, and hot alcohol, v. si. sol. water. 

Hcactunvi.—On reduction it yields w-xylidine 
and w-xylylene-o-diamino CgII.Me..(NIi ..)2 
[1:3:5:G]. 

Salts.—B'HCl: yellow crystalline powder, 
dissolves sparingly in alcohol with a green 
colour, soluble in phenol with a splendid green 
colour (XoUing a. I’orcl, B. 18, 
w-Xylone-p-azo-w-xylidine 
[2:G:l] C,H,Mo,-N 2 -C,H,Me,(Nn,) [1:3:5;4] 
[78®j. Yellow plates. 1‘iasily soluble in alcohol 
and benzo'io. Prepared from wt-xylidino 
C,;H 3 Me._..NlI.[l:.‘l: 2 ] by tlic same method as that 
described under w-xyleno-o-a/.o-7n-xylidine. 

S alt s.—J I'iLCI.PtCIred crystalline powder. 
The hydrochloride dissolves in phenol or alcohol 
with a red colour (NoUing a. Porol, B, 18, 2G84). 

m-Xylene-p-azo-m-xylidino 
[3:5:1] C.H.Mo.-No—CJI,Me,(Nn.,) [t:2:C:41. 
[95®], Prepared from «t-xylidino C,.Il 3 Mo.Nn 2 
[1:3:5] by the same method as that described for 
m-xylone-o-azo-?>i-xyliflino. Yellow plates. On 
reduction it gives symmetrical w-xylidino and 
w-xylylene-p'diamiiio [1:3:2;5J. 

The hydrochloride dissolves in phenol with a 
violet-red colour (Nolting a. Forel, B. 18, 2G8-1). 

o-Xylene-p-azo-o-xylidine 
[2:3:1} 0„n,Mu —N,-C«H,Me,,(NH 2 ) [1:2:3:4]. 
[111®]. Prepared from o-xylidino C,iH 3 MG.j.NlI. 
[1:2:3] by the same method as that described 
under m-xyleno-o-azo-w-xylideno (Nolting a. 
Forol, B. 18, 2084). Glistening yellow plates 
(from alcohol or benzene). On reduction it 
yields o-xylidino and o-xylyleno-p-diamine 
OpHaMej(NH 2 ).,[l: 2 : 3 ;G], The hydrochloride 
dissolves in phenol with a red colour. 

fn-Xylene-p-azo-p-xylidine 
[2:4:1] Cen 3 MG,-N.,-C«H 2 Mo 2 (NH 2 ) [1:2:5:4]. 
[in'*]. Red plates. 

Preparation: 50 c.o. of a solution of sodium 
nitrite contaiiiing 227 grms. NaNO^ per litre aye 
added to a mixture of 20 gnns. of p-xylidine 
and 26 grms. of hydrochloride of w-xylidine 
C,H 3 Mc 2 (N 1 I,J [l:3:ij; the diazoamidc so formed 
fs dissolved in 20 grms. of p-xylidino and gently 
wanned with 4 grms. ofp-xylidene hydrochloride. 

Reactions .—On reduction it yields nt-xylidino 
andp-xylylone-p diamineC 6 n 2 Me 2 {NII..).,.(l: 4 : 2 : 5 ]. 
The hydroclilorido dis-solvcs in phenol with a 
red colour (Kiot/ki, B. 13, 470; Nolting a. 
Forel, B. 18, 2 G 8 C). 

p-Xylen^-pazo-p-xylldine 
[3:6:1] 0,H,Me2-N2-C,H2Ue2{NH3) [1:2:6;4]. 


[150®]. Rad plates ^rom alcohol). Prepared 
from p-xyiidine 0,H,Me3(NH,) [1:4:5] by tlio 
same method as that described under m-xylene* 
o-azo-m-xylidine. On redaction it yields p. 
xylidino andp-xylyleno-p-diamineC„H 2 Me 2 (NH 2 ), 
[1:4:2:6]. The hydrochloride is rod, and dissolves 
in phenol with a violet-red colour (Nolting a. 
Ford, B. 18, 2085). 

o-Xylene-o-azo-o-xylidine 
[3:4:1] CJl,Me..-N..-CJI,Mo.(NH,.) ri:3:4:G] or 
NU\ ' ' • * 

I >C,n..Mo 2 . [179®]. Yellow 

C,.H3Mo,—NJK 

plates. SI. s(»l. alcoliol. Prepared from o-xylidine 
C,.ll 3 Afo 2 (NII..) [1:2:4] bythosamonietliodastlmt 
described under w-xylenc-o-azo-w-xylidine. On 
reduction it gives rise to o-xylidiim and o- 
xylylene-o-diamino C,dPi^Uv.(Nl{ 2 ].j [l:2:l:5]. Its 
liydrochlorido dissolves in phenol with a green 
colour (Nolting a. Forel, B. 18, 2085). 

DIAZO* COMPOUNDS. A class of bodies 
formed by tho action of nitrous arid upon 
primaryamido-compounds: X.Njll^'f- OiN.OIl* 
X.Nn-OII + ILO. Thcycontaina pairuf nitrogen 
atoms (Fr. azote'^ which aro united to only one 
Ijydrocarbon radicle, whilst in thoazo-compounds 
tlio group is united to two hydrocarhuii 
radicles X.N^.Y. Tho diazo-radicles X.N'^ can¬ 
not of course exi.st in the free state, but they 
occur as liydratcs X.N^.OIT, cliloride;^ X.No.Cl, 
amides X.N„.NJIlt, Ac. For the sake! of con¬ 
venience reactions will usually bo repri'senlcd 
in this article as taking place with the hydrates. 

The dia/.o- salts X.N.A may be regarded as 
derived from tho salts of amines X.Nlf^A l y 
the displacement of II 3 by N. This nmy take 
place in two ways. According to Kekulc’s 
view, wliich is that most generally adopted, both 
nitrogen atoms are trivalcnt: X.N;N.A. On tho 
other iiand, Blomstrand {GhonU di'r 
p. 272 , and B. 8, 61) assumes that tho nitrogen 
attached to tho carbon is pontavalent: X.N.A; 

N 

Strccker {B, i, 78G) and Erlcnmoycr {B. 7, 1110) 
also concur in this view. Tho reduction of 
diazo-compounds to hydrazines, wliich have tho 
undoubted constitution X.NH.Nn 2 , E. Fischer 
{A. 190, G7) regards as a proof of the correct¬ 
ness of Kekuld’s formula, since a body of the 
constitution X.N.A would, he considers, give on 
N 

reduction X.NHg. Crum Brovrn, however, has 
NH 

pointed out in a private communication that * 
this argument is fallaeions, since tlie product 
of the reduction is not a hydrazine itself but a 
bydrazine-salt, and X.N-A, by adding Il^to each 
N 

N, would give the hydrazine salt X.NH,A. He 
NIE 

considers the pentad N in the salts of hydra¬ 
zines is mo.st probably that connected to the 
hydrocarbon nucleus, in which case to explain 
their formation by adoption of KekuhVs formula 
would neces-sitalo a idiifting of the acid from 
one N to the oilier. The .strongest argument 
against Keknii’a formula is that it rojiresenta 
diazo- salts, by not containing pentad nitrogen, 
as differently con^tituk’d to tho salts of all 
other nitrogen ba.'Os. On the other hand, the 
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(onnula X.N.A would necessitate a rearrange- 
N 

raent of tlio molecule in the formation of azo- 
eompounds whicli undoubtedir have the con¬ 
stitution X.N:N.y. 

The simplest member of the series H.N..OII 
should bo formed by the action of nitrous acid 
upon NH,; but it has not yet been obtained, 
probably by reason of its extreme instability. 
Tlio best-known diazo- compounds are those 
derived from aromatic aminos and amido-com¬ 
pounds, some of which are tolerably stable bodies. 
No diazo-compounds have at present been ob¬ 
tained from fatty amines, for, like the first 
member of the series, II.N.^.OH, they are so un¬ 
stable that they are probably scarcidy capable of 
existence, and at once break up into tho alcohol 
and Nj. The only known fatty diazo- compounds 
are a few which liavc lately been prepared from 
fatty amido-ethers (c.p. glycocoll). In their con¬ 
stitution they differ from tho aromatic diazo¬ 
hydrates by containing a molecule of w.ater 
less: (EtO„C)CH-.N-.OH - ILO (EtO-C)CH:N„. 

A. Aromatic diazo-compounds. "Tho dis¬ 
covery of these bodies, and a large portion of 
our knowledge conoerning them, are due to P. 
Griess (.1. 100, 123; 113, 201; 117, 1; 120, 125; 
121, 257; 137, 30; A'c.), who, in a series of 
classical rese.archcs, opened up a field of in¬ 
vestigation which in a few years has produced 
more discoveries of scientific interest and prac¬ 
tical utility than almost any other branch of 
organic chemistry. 

PorimtuM. -l. Ey tho action of nitrous 
acid, or any compound readily forming nitrous 
acid (c.p. NOCI, NOlir, SO,(OH)(NO,), zinc-dust 
and UNO;,, Ac.) upon salts of primary amines.— 
2. By oxidation of primary hydrazines (E. Fischer. 
A. 190, 97). 

Preparation.—Thc! details vary vow much 
with individual cases and tho purposes for 
which tho diazo- compounds are recpiircd. The 
amino can bo dissolved in water, alcohol, acetic 
acid, IlCl, H.SO^, Ac., and can then bo treated 
with nitrous acid gas, sodium nitrite, or a 
nitrous ether. When reejuired in tho solid form, 
a common method is to mix the nitrate of the 
amine with a little water, cool in a freezing- 
niixtnro, and saturate with N^Oj gas; tho diazo¬ 
nitrate is then ppd. by addition of alcohol and 
ether, lliazo-compounds can also bo isolated 
from their aqueous solutions by ppn. as platino-- 
chlorides, porbromido.s, piorates, sulphites, &o. 
Wlien tho diazo- compound is required for a 
pbsoquont reaction if, is seldom necessary to 
isolate it, but tho compound can bo prepared 
under the conditions suitable to tho second re¬ 
action. F'or instance, when the diazo- compound 
is to be conjugated with an amino or phenol to 
form an azo- compound, the amino is usually 
dissolved in water containing 2 mol. of HCl for 
each NH,, group, cooled by addition of ice, and 
mixed with an aqueous solution of sodium 
nitrite (1 mol. to each NH.). The solution of 
the diazo-chloride thus prepared can be at once 
treated with a solution of the phenol or amino. 

The diazotisation of simple amines, in not 
too dilute solutions, usually takes place quanti¬ 
tatively, and the reaction is tolerably rapid, 
^r instance, tho diazotisation of aniline in a 
10 p.o. solution is so complete within an hour 


that it fonns the most accurate method of esti- 
mating nitrous acid or aniline (Green a. Bidcal, 
C. N. 49,173; Green a. Evershed, S. 0.1. 1886, 
633). Tho greater the molecular weight of ths 
amine the slower and less complete is tho diazo- 
tisation. The diazotisation of heavy amido- 
bodies is facilitated by the presence of a very 
large excess of mineral acid, using as little 
water as possible. Alcohol in many cases 
appears to have a contrary effect. Amido- groups 
cannot be diazotised unless combined with an 
acid: thus if the ordinary hydrochloride of p- 
phenylenc diamine C^U,(NH.)(NII|C1) is treated 
with IINO-i only one NH. group is diazotised; 
but it a largo excess of HCl is employed so that 
C;.IIi(NIIaCI).; is present, both NH. groups are 
diazotised. The final products of the action of 
nitrous acid upon the mono-acid salts of di¬ 
amines vary with the constitution of tho latter. 
Thus o-phenylene diamino givc.s azimido- 
benzene: 


C„H,(Nn,).N..OH-n,0 



m - rhenyleno diamine gives tri - amido - azo- 
benzene, thus: C„H,(NH,3.N.,.OII + C.H,(Nn.)..= 
C.H,(NH,).N.,.C„II,(NH), + "H.O. Whilst " the 
diazo - compound 0„U,(NII,).N..OH [1:41, from 
j)-phenyleno diamine, docs' not undergo any 
further transformation. Tho di-amido-benzoio 
acids react with nitrons acid in an exactly 
similar manner according as the NH, groups 
are o, in, or p to each other (Griess, B. 17, 607). 

Properties .—The diazo- salts are in general 
veryunstablo crystalline solids. IVhen dry they 
often decompose with deton.ation, by heat or per¬ 
cussion, Their solutions slowly decompose at 
the ordinary temperature, more quickly on heat¬ 
ing, with evolution of nitrogen. The hydrates 
are even more unstable than the salts, and have 
scarcely ever been isolated. The stability is 
increased by substitution in the nucleus; thus 
diazo-benzene-sulphonio acid is more stable 
than diazo-benzeuo. Tho diazo- derivatives of 
substituted phenols and of o- and p- sulphonic 
acids usually occur in tho form of aiihydro- com¬ 
pounds, c.y. 


C.II,Br,<y-- H,0 = C.n.,I!r,<;^J', and 


. In a similar 
’ \yO, 

manner o-anii(lo<diazo> compounds form inner 
amides {e.g. aziraido-benzeno, v. sxip'n), 

Beaciions ,—The diazo- compounds are ex¬ 
tremely prone to undergo reactions; they play a 
most important part in organic syntheses and 
tl^o determination of the constitution of isomeric 
aromatic compounds, by serving as an inter¬ 
mediate stage by means of which NIIj groups 
can be replaced by H, OH, Cl, Br, I, CN, 
SH, NO.^, <fec. Their power of combining with 
amines and phenols to form azo- compounds 
renders >vhem of great technical importancs 
for^ tho production of colouring-matters, for 
which purpose they are prepared in large quan¬ 
tities. The majority of their reactions consist 
in the evolution of Nj, and its replacement by 
the atom or group (Cl, OH, Ac.) previously 
united to it. 



DIAZO-COMPOUNDS. m 

1. Bf heating theagneom oitrogen (0riess,B. 18, 960; Oasiorowsli t. Wayss, B. 

Is evolv^, with formation of the corresponding 18,1980). 

phenol; X.N^.OHwX.OH-f N,. The bestmethj^ 12. The same replacement is most readily 

IS to dissolve the amine in a considerable excess effected by treating the aqueous solution of the 
of dilute H2SO4, diazotiso by adding NaNOj to diazo-chloride with cuprous chlorid&y which 
the iced solution, and finally heat to boiling. appears to act by intermediate formation of an 

2. IVlien heated with strong alcohol the i addition product R.N^.Cl, Cu,.Cl... (0) A 10 p.o. 
normal reaction appears to bo the replacement ' solution of Cu .C!.. is prepared by adiling 100 pta. 
of the N3 group by OKt, wiUi formation of i of cone. IICI and 13 itts. of copper turnings to a 
ethoxy- compounds (Wroblowsm, Z. 0, Kil; B. \ liot solution of 25 pta, of crystalli.s(Ml CUSO4 and 
17, 2703; Haller, B. 17, 1887; Hofmann. B. 17, ' 12 pts, of NaCl, boiling till doct)lomised, and 
1917; Kemaen, ^lw». 8,213; B. IS, t)5; Ilayduck, ! making up the weiglit to 203 pts. with conc.HCl. 

172, 212; Zander, A, 15)8, 25; llef'fter, A. A diliUo llCi solution of the diazo-compound is 
221, 352; Vaysan, A. 221, 212, 303; Hohv, A. i allowi’d to run slowly iiito the abovii solution 
221,222; Hesse, A. 230. 21)3). | (about 5 times the weight of the amine used) 

3. Under certain circumstances, at present ' heated nearly to boiling; tho product, if volatile, 
undetermined, the reaction wth alcohol takes a ' is distilled witli steam, or it is sei)aratod and 
dilTercut course, resulting in the substitution of ' puritiod by cry.slallisation. (/^) In most cases 
H for tho N3 group, with production of the cor- , instead of separately dia/otising tlm amine, its 
responding hydrocarbon together witli aldehvde: solution in dilute IICI can be mixed with about 

X.N.,.OH ) C,H,0 - X.H + C,,F1,0 -1- N,. + H.O ; 5 pts. of the 10 p.c. CuXl., solution, and a solu- 
(Griess). (a) The amido- compound is treated tion of tho calculated (pjuntity of NaNO^ run 
with a solution of nitrous acid in absolute alcohol, ^ into the nearly boiling mixture (Sundmeyor, B. 
warmed till nitrogen conics otT frotdy, allowed : 17, 1033, 2050; Ijellniaim, B. 15), 810). 
to cool, resaturated with and the opera- ' 13. Tho (g. v.) of iliazo- com- 

tion repeated until but little gas is evolved on ])ounds, on lieating by themselves, or with dry 
heating {No.villo a. Winther, 0. J. 37, '152). NaXO^, or best by boiling with (jlacuil acetic 
(6) Tho ami<lo-coinpoimd is dissolved in a con-j oce/, yield bromo • derivatives: X.N^.Brj-^ 
fiiderablo excess of cone. Il .SO,, the solution X.Jlr + Ur,+ N.,(Neville a. Winther, C.37,452). 
diluted with a small (piantity of water is cooled 14. Tho replacement of N., by Ur is also 
in a freezing-mixture, and tlie necessary qiuui- ctTocto*! by boiling tho diazo- compound with 
tity of solid sodium nitrile added. When dia/.o- fuming Hlir in large excess; X.N._..Br X.Br + N2 
tised tho solution is poured in a thin stream | ((iricss, B. 18, 900; Gasiorowski a. Wayss, B. 
into two or tlirec times its bulk of alcohol; tlic 18, 15)30). 

mixture becomes warm enough to complete tlie 1.5. Tho same repl.acomont ifl most con- 
reaction witiioiit further heating (Meldola, C. /. vcmiently efh'ctod by moans of ci//>ro»s hroviide 
1885, .507). (c/. reaction 12). A solution of 125 pts. of 

4. Mercaptan, when heated with diazo- com- crystallised CuSO, (i- mol.), 300 pis. of KBr (3 

pounds at 170*’, behaves similarly to alcohol in mols.), 800 pts. of water, and lit) pts. of cone, 
reaction 3, causing the dib[dacenient of N, by H.SO^ (1 mol.), is boiled witli 200 i»ts.of coppor- 
hydrogen with simultaneous fornuition of di- turnings till dccoloiirisod. Tho amino (1 mol.) 
cthyl-di-sulphide (Schmitt a. Mittojizwcy, J. pr. is tlicn added, and into the mixture, heated 
120, 192). nearly to boiling, is slowly run a solution of 

5. The displacement of the group by H is 70 jils. NaNO. (1 mol.) in 400 pts. of water 

also effected by reduction to the corresponding (Sundmeyor, B. 17, 2G50; 18,1192). 
hydrazine {q. t;.), and treatment of this with 10. J3yboilingdiazo-compoimdswithaqucouB 
CuSO^ or Fe.jCls {B. 18, 90). HI tho N.,, group is rephured by I forming iodo- 

0. Reduction of a diazo-chloride with excess compounds; X-N,.!-® XI + N3 (Oriess, B. 18, 
of .SnCIjalsoclTectsthodLsplaccmentof N.,by H; ; 900). 

X.N3CI +SnCL-i- ILO = X.H +SnOCL+ H01 -I N... | 17. By boiling with HFthe N. group is re- 

A dilute aqueous solution of the diazo-chloride ! placed by Fgiving tluoro-compounds: X.N’j.Pa* 
is treated with an excess of SnCL at 0'’, and ! XF + N, (Griess, B. 1.8,900; Paterno a. Oliveri, 

finally heated for two Jiours with an inv<;iUr<l ! G. 12, 85; 13, .533 ; Wallach. A. 235, 255). 

condenser; the yield is good (KlTront, B. 17, 18. By lioatingdiazo-salts with Cu3(ON)jthe 

2329; Gasiorowski a. Waj'ss, B. 18, 337). group is replaced by CN (c/. reactions 12 and 

7. By treatment of a cold solution of a diazo- 15). The nitriles so *‘ irmcd can be converted 
compound in cone. IICI with (2 mols. of) SnCl,, into carboxylic acids by saponilication, so that 
the corresponding hydrazine (7. t?.) is jirodiiecd : by me.ms of this reactif-n an NII^ group can bo 
X.N0.CI + 2SnCl., + 3HCI = X.NJLNH. + 2SiiCV replaced by COJI. 28 pts. of KCN (90 p.c.) are 

8. Iha reduction of the sulphites of diazo- aiMed to a hot solution of 25 pts. of crystallis^ 

compounds with SO3, or with zinc-dust and CuSO, in 150 pts. of water; into tliis solution, 
acetic acid, also gives rise to hydrazines. heated to about 90^, is slowly run an aqueous 

9. By heating with dilute HNOj, nitrated solution of the diazo-chloride. If the nitrile is 

phenols are obtained (Nolting a. Wild, B. 18, required for conversion into tho acid, it is not 
1338). always necessary to isolate it, but the crude pro- 

10. Tho plaiino-chloridos on distillation with duct of tho reaction can bo at once saponified 

dry Na^CO, yield the corresponding chloro-deri- (Sandmeycr, B. 17, 2650; 18,1492,1496). 
▼atives: (X.N2.Cl)2PtCl, = 2X.Cl + 2N2-»-PtCl,. 19. By the action of a warm alcoholic solutioa 

11. The replacement of N, by Cl is also of K^S tho Nj group is replaced by BH, thus: 
effected by boiling the diazo-compound with X.Nj.SH^X.SIl-vN,. The mercaptans so formed 
fuming HCl in large excess: X.N2.OI» X.Cl + N, can be converted into sulphonic acids by oxida* 



iOO DUZO- OOMTOUOTS. ^ 

tion with cold KMn 04 ; 8o thfti by means of does not contain any free p&n> or ortho-posfti^m 
Oiis reaction an NHj group can be replaced by the formation from it of an amido-azo-compound 
SO,H (Kiaaon, B. 20 , 349). does not appear to be possible. Whenadiamim 

20. Ilydric sulphide converts diazo-bcnzene contains displaceable H atoms para to each NH^ 

!nto phenyl sulphide {OuHi),.S (Graobo a. Mann, group, it is capable of reacting with 2 mols. of £ 
B. 16,1C83). diazo- compound to form a disazo- compound; 

21. Dinzo-compounds combine with ethyl 2X.N...OH j-H,mY‘'(NH.,).,= 

mercaptan to form unstable bodies X.N„.SKt, {X.Nj) 2 Y‘''(NIl.)..-f- 2 lf, 6 , 

which when boiled with alcohol yield sulpbidea: 28. Diazo-compounds* readily react upon 

X.N 2 .SKt- X.SEt I N._. hStadier, B. 17, 2U7d). phenols and their sulphonic and carboxylic acidi 

22. By heating with acetyl- in alkaline solution, forming oxy-azo-com. 

ated phenols arc formed: X.No.OHh Ac.O=* poundsX.N2.0H + H.Y".OH=X.N,..Y".On + H,0' 
X.OAo + No + AcOII (Wallach, A. 235, 234). Compounds of the form X.N 0 .OY'analogous tc 

23. SO. in presence of boiling alcohol con- the diazo-amides have never been obtained. Tht 

▼erts some diazo-compounds into tlio corre- above remarks (rc«c//o« 2 - 1 ) with regard to the 
Bponding sulphonic acids: X-NVOll + SOa^* position taken by thodiazo-groupin thebenzeno- 
X-SOo.OH + No (niibnor, il. 10,1715). nucleus apply equally to oxy-and to amido-azo 

2i. Alkalis give insoluble pps. of complex compounds. Also, the di-oxy-compounds, simi 
constitution (Frankland, C. J. 37, 750). larly to diamines, can give rise to disazo- 

25. Action of c;/a>muca comyaiuu'/s (u. Griess, compounds (X.N,.).Y‘’(Oll )2 wlien they contain 

B. 9, 132; 12, 2119 ; Gabriel, B. 12, 1037). dis])lacc!ible II atom.s para to each OH group. 

26. replaces the diazo-group 29. Oiazo- compounds readily rcjict wit), 

by NO.;. The amine (1 mol.) is dissolved in witli fonmitiou of azo-and disazo-bodios 

exactly 2 mols. of dilute IINO 3 (or 1 mol. of X.N 2 .C,lI.,NfX and {X.N,),C,1I-.NII, but no com 
dilute fLiSO;) and the iced solution treated with pounds analogous to dia’zo-ainides ( 0 . l^’ischer a 
one lialf of a solution of 2 mols. of NaNO.,, the H<'])p, IJ, 19, 2251). 

other half being added wlmn tlie diazotisation 30. Pipfridiw, on tho other Imnd, gives rise 
is complete. Tho soUillou of tlio tiiazo-nilrile to ])iperididea X.N^.NCjHjo (O. WuIlacJi, A. 235 
is added to a push? of 1 mol. of CUoO (obtained 233). 

by reducing OiiSO, with glucose and NaOll) 31. .dniiWo-ffi/op/iejn;,unlike aniline, does nol 
and the decomposition allowed to proceed in appear to form diazo-amides wlieii tre.-ited with 
the cold. Tlie yifdd of nitrobenzene from ani- dia/o- compounds, but give.s at once aiuido-azo 
lino is 42 p.c. of tlio tlieorctical, but with other compounds X.N.,.C 4 S 1 I...NH,. (Stadler, B. 18 
bases it is smaller (Sandmeyor, Zf. 20 , 1494). i 23lJ^). This is no doubt duo to tho tendency tc 

27. _ rrinuiry and secondary amines, react at ; replaccmentof tho liydrogcii being greater in the 
©nccwiliidiazo-compoundyfi)rmlMgdiazo-amides : thiopliene ring than in tho bciiztjne ring. 

(« 2 .n.): X.N.^.Oil 1 lEN.Y — X.N.^.N'in'-j-JLO. In j 32. Diazo-compounds react with tboso bodies 
these, bodies the diazo-radicle rojilaccs II united ^ of tlio fatty series wliich contain H united to 0, 
to N, and on troatiue-ufc with exci'ss of acid tliey ■ replaceable by sodium, e.g. nilro-methane, nitre- 
readily rogciu rate the dia/.o- compound and , ethane, inalonic other, acolo-acetic ctlior, other 
amino. When diazo-compounds act upon snf/s ketonic others, A’o. The products are mixed 
of aroinatic amines, the <liazo. residue may re- ; azo- compounds: those from nilro-iuethane, for 
place H in tho carbon-imeb-us, with formntion of : instance, have tlio constitution X.N CU(NO) 
amido-azo-compounds: X.Na)II^ (Meyer, B. 8 , 7-51,1073; 9, 381; Zuhlin, 2?. 11 , 
X.N.;.Y".NH..-f In the case of tertiary i H17; Kappeler, B. 12, 2286; Itichtcr a. 

aromatic umijH's (lie latter reaction is tho only Miinzer, 7i. 17, 1926; Griess, B. 18, 961- 
one possible, but with primary and sccoiulary Bamberger, B. 17,2415; 18,2563). * 

aromatic amines (bo ivplncemcnt in tho nucleus | Salts.'-The diazo- salts have the general 
may bo preoediul by the formation of a diazo- ! formula X.N...A. Tlicy are mostly white orys- 
amide, wlicti tliorc is no largo excess of mineral 1 talline solids, very easily soluble in water, but 
acid present. Tho leadiness with which omido-; sparingly in alcoliol and ether. They are 
azo- ooinpoimds arc formed varies greatly with ’ usually very unstable, and in the dry state are 
the amino; in book; eases (c.y. (a).and (5)*naph-j often very explosive, especially the nitrates 
thylannne, phenyhme diamine, A-c.) the replace- : and picrates. By the action ot K..SO 3 upon 
^entin tho nucleusapi'Jeai's to take plae.e almost diazo- chlorides, sulphites aro formed of 
instantly; in others (e.f 7 ?aniline) the reaction, at the constitution X.Nj.SO;,!!. Stannic and 
tho ordinary temperature, takes several hours ; cuprous salts give double compounds of 
for its completion, allowing the intermediate ; tho formula (X.N 2 .Cl)jSuCl 4 , (X.N...C])CUaCl», 
formation of ilie diazo-amide (Criswell a. Green, ! (.X.N 2 .Br)Ca 2 Br 2 , <fec. (Gricss, B. *18, 966; 

C. 188.5, 917; Proceedings 1887, 26). In j Jj(‘thnanu, JJ. 10, 810). The platino-chlorldes 
many cases the formation of an amido-azo-| (X.N ..CJ),Tl0l, aro sparingly soluble pps. An 
coinpomul will take place in preseuco of a largo excess of bromine produces yellow or red pps. 
excess of aeid, umier which conditions the forma- | of the per-bromides X-N-Jlr.,. Tho diazo- 
tion of a diazo-nmido is precluded. In tho for- : sulphonic and carboxylic acids form salts 
mation of amido-azo-con.pi>uu(U of the benzene X"( 8 l).MhN...on with ba.ses, as well as 
Beries tlie diazo-residuo onLers in the para- po.si- X"iSO,>I).nCA Mith acids. 

tion to the NJI, group; but when this place is Amides. As already mentioned {reaction 
already occupied it lakes tho ortho-position. 27), llie aeiion of primary and secondaryaraineB 
Tlie ortho-amido-a;:o- compounds appear to bo upon diazo- compounds gives rise to diazo- 
diileretitly constiluled to the para-ainido-azo- amides of tho general formula X.NmNHY, or 
oompounds (u. Azo-cojirouuna). If tho amiue X.N.;.NY,Y.;. Thus diazo-beuzone and aniliiiB 
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|(!{&zo>bensdne^iIid 6 {diAzoami(iobeDBeiie): 
ni,.Nj.OH + OjH,.NH. - C,H,.N2.NH.0X. 
bodies are in general yellow crystalline 
, stable below 100 ® when free from acid. 
Ireatment with an excess of mineral acid 
: are resolved, even in tlie cold, into the 
salt and amino. When t!ie amine is 
atic the resolution products slowly 

t hine, if the conditions are favourablo, to 
ce an arnidq-azo- compound X.N..Y".Mir^ 
jric with the original diazo* amide. The 
[tion and recombination take place con- 
^„ntly when tlic diazo-aniklc is treated with 
of cold dilute nCl, or with unstable 
{tfilLsucIi as ZnCL, OaCl., aniline chlovid<s ttre., 
IvjMboholic or aniline solution (t’riswidl a. 
nto. C. J. lH 8 o, 017 ; Wallach, A. 2;15, m). 

a dia/.o-aiuido is treated witli a salt of a 
jp^/different from that of which it is a coin- 
ikilpdt the diazo- salt ^(‘nnrah'd will react upon 
'4$ Mse of the two whose niioleal hydro;,'<!ii is 
♦itMit Tcadily replaiMul. Thus dia/.o-bcuizem^di- 
'^^l-arnid<? 0 ^ 11 ,.N.,.N.Me,^treated with aniline 
'ilOpido {^dves ainido-a/.o-bcnzeno and <li- 
ieibyl-aiiiino; similarly, duizoborizcne-anilido 
.NllC,;Il 5 troah’d with w-phonylcnc- 
liUWie liydrochloridn yiokls di-aniido-azo- 
:jQ|^ne Cyil^.N;j.C|,ll 3 (XIL) 2 , whilst aniline is 
free; but diazo-benzone-anilide treated 
JttO) -toluidino hydrocliloride {{ives amido-azo- 
sAUne and p-toliiidino, because the para Hof 
-fis'linilino is more readily retilaccd than tlio 
H of the p-loluidine. J-iveu very weak 
such as acetic acid and plicnols, are capable 
f Ipeolvin;' most diazo-amides. In the latter 
iwjf'the (Uazo- coin]:iounds produced immediately 
Miine with the phenol to form oxy-azo- com- 

f nds, for diazo- residues replace the liydrotjcn 
the nucbuis more readily in phenols tlian 
[ amines (Heumann a. Ooconomides, li. 20, 
(H). 

In general it may bo said that the reactions 
pif the (liazo-amides towards reagents in j»rcseiico 
bf acids, are simply the reactions of the free 
diazo-salts; thus SnCU and JICl reduce them 
Ito hydrazines {c/. reaction 7); lieating with 
Jetrong lialogen acids gives lialoid (Vrivatives of 
fthe hydrocarbons (c/. readio7is 11, 14, IG, and 
fl7); &c. 

It ai)pears to be proved (Oricss, B. 7,1019 ; 
Nulling a. Hinder, IM. 42,9;)G; Meldola a. Streut* 
feild, C. J. 1887,102, 4iM) that the diazo-amides 
of the types X.N.^.NHY and Y.N^.NIIX are iden- 
tical—that is, the .same body is obtained wliich- 
ever of the two amines is diazoliscd and com¬ 
bined with tlio other. The resolution of these 
tinsymiTjctrical diazo-amides (juito correspoints 
to their formation, for they yield a mixture of 
both diazo- compounds X.N..OII and Y.N^OIf, 
and both amines X.NHj and Y.NlIj. For in- 
Btance, the compound C^H-.NgH.C.II, is obtained 
by combining either diazo-benzene with^J-tolui- 
dinc, or p-diazo-(olucne with aniline; and on 
treatment with HCl it splits up cjually into 
diazo-benzene, p-diazo-toluonc, anihi«^e, and p- 
toluidine. When only 1 mol. of HCl is present 
these resolution products will recombine to form , 
one or more amido-azo- compounds according to | 
circumstances. 

Alkalis, even in boiling aqueous or alcoholic 
solution, usually have no action upon diazo- 
Tou L 


amides. The H of the NH group of the primary 
diazo-amides ap}>ear? to have slightly acid pro¬ 
perties, and by introduction of NO, groups into 
the nuclei the diazo-amide becomes sufficiently 
acid to dissolve in aqueous alkalis and form 
tolerably stable salts X"{NC)_,).N..NM'.Y(NO._.) 
(Mi’ldola a. Siroatfeiid, C./. 18S<b (►21; 1887, 
1U2, 4:14). 

lly the action of alkyl haloids upon the 
primary difizo-amidos d-iasolvod in an alcoholic 
solution of (1 mol. of) sodieui ethylat<' s’ceondary 
diazo-ainiib'S are ohlaiuc I n. S.; Fidswidl a. 
Gwen, JJ. 19,2034 ; 0. J. 188G, 74G). W'hen the 
two aromatic mudei are the same tlu? secondary 
diazo-amides obtained by alkylation are identical 
with those gut by direct combiuatinn of the 
diazo-compounds with secondary amines. Hut 
acc.'rding to Meldola and Strealfeild J. 1887, 
4.34) the coui])ound obtained by ethylating 
the unsymmotrical ^u-nitro-diazD-hcnzcMie-p- 
nitranilido [.4:1] C«H,(N(),).N,ll.CJf,(NO,) [1:4] 
(wlilch is obtained cither from ni-nitro-diazo- 
bonzeno and p-nilramline, or from j^)-nitro- 
<liazo-benzene and «i-nitranilin«-) is dilTcront 
' from eitlier of the two ethvl-<lcriv.ative.s 
I [:{:t] C,n,(NO.,).N,.NKt.C..lJ,(Nt)..) [1:1) and 
! [4:1]C,ll,(NO,).N,,.NKt.CJl.(NO,) 11:3],obtained 
’ by combining m- and /Miitro-diazo-benzene wit'i 
' etbyl-p-and m-nitranilines respectively. The two 
I latter ethyl derivatives are split up by acids into 
>a-ni(ro-diazo-bcnzeno and cthyl-p-nitraniline, 

: and p-nitro-diazo-bcnzerio and ctliybnMiitranil- 
' ino resjx'clively; but th ; former ethyl derivative 
(obtained by eliiylation) yields botli dia/.o-coni- 
pounds and both ethyl-nitranilinca in about 
equal amounts. 

Conditution of duizo-amUlcs. —Although a 
considerable amount of work lias been done otr 
this bubjeot, the matter is still far from settled. 
TJie formula X.N —N.Y is disproved by tJje 

\/ 

Nil 

resolution of tho alkyl derivatives into diazo- 
compound and alkylated .amine, since the latter 
could not be obtained fr m a conipoimd of that 
structure (Hriswcdl a. Green, G. J. IHHG, 74G,and 

B. 19, 2034). Tlio formula X.N.NHY does not- 

N 

appear to havo much probability, since one 
would expect a body of tlio constitution 

C, .ll-..X.NIiCJIi to give on re<iucliun Nil. and! 

N 

hydrazobenzonc ; tlicso bodies, liowever, are not 
formed from diazo-benzene-aniiide, even by 
adding sodium to its boiling alc(diolic solution 
(F. a. G.). Neither the latter formula nor that 
ii.sually assumed X.N:N.NHY is capable of ex¬ 
plaining tlie existence of more tlian two isomerio 
alkyl derivatives. 

For further references concerning tlio diazo- 
amides SCO Bayer a. .Tager, B. 8, 148, 89.S; 
Sarauw, B. 14,2142; 1.5, 42; Nulling a. Bau¬ 
mann, fi. 18, 1147; Staedol a. Baner, B. 19, 
1952; 'Wallach, A.235,23.3; BerntliKcn a. Goske, 
B. 20. 92G. 

imiilcs.—Obtained by the action of NH, 
upon the per-bromides: 

X.N,Br, + NH, - X.N<' I| -j- 3HBr (Oriess, A, 
137, 65; B, 18, 9C3). They are also formed by 
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decompoiitian 
xN 


of nitroso-bjrdraziiiei: 

X.N^Q'=.X.N<^‘li+H,0 (Fisdier, 4. 190, 

92, 9C). They aro usually yellowish oily liquids, 
insolublo in walor, cxploiling when heated. 
When heated with cono. IICI they are converted 
into chloro-aniido- eonjpounds: 11X".N34 Jl€l 
X"Cl(NfJ;) + N.j. Diazo-benzeiio-inhdo heated 
with diluted with an equal vohiine of 

water is conv(5i tcd into ;)-aniido-phenol: 
C„M 5 .N,+ tl.O CJl,(01{)XII.,s N.. (Grie.^s, /i. 
19. 313; hischer, /I. 190, 07; 232, 2:l(;; 
Silberstein, J. pr. [2] 27, 110). Diazo hcnzoic 
acid reacts witli phenyl-hydrazine, foruiing the 
imides of diazo-bcnzoic acid and of diazo-ben- 
Eene together with aniido-bonzoic acid and ani- 
yCO.. 

line, thus; 2C,U/ | * -i- 2Cjr,NII.NlI, = 
\N, 

C.ir,(COJI).N<U + CJI,.N<^ + 

C,1T,fNfr,)CO,ir f C„Jf,,.Nir,. TJiis e(juation is 
general ((Tri(\ss, Ji. 20,1528). 

DiazO‘ coin}WundR derived from 
o-amido-azo- compounds .—Although tlie so- 
callcd o-ainido-azo- compounds probably do not 
contain an NIX;, group, but aro hydraziniido- 

vriT NIIv 

bodies X'-N<wS>y" or | >Y" 

X'—NH.N / 

they are, nevertheless, slowly attacked by nitrous 
acid, with production of diazo- compounds. The 
only member of this class of diazo- compounds 
at present examined is that obtained by diazo- 
tising o-amido-azo-tolucnc. In some of its 
reactions it behaves like an ordinary diazo¬ 
compound, in others quite difTercntly. On 
heating with water or alcohol it is decomposed 
with evolution of nitrogen. By zinc-dust and 
alcohol it is converted into m-p-azotoluone and 
Nj. It is not reduced by SiiCl, or SO, to a 
hydrazine, but gives a stable compound C,,H,,N 4 
which probably has the constitulion 
N—NH 

C,H 4 (CH 3 )^ I I This body is rc- 

^N-N.C^n.fCig. 

converted by bromine into tlic per-bromido of 
the original diazo-compound. The diazo-imide 
loses nitrogen on heating, and yields tolyl- 

azimido-toluene C,H,(CH,)/ | \n.CbH,(CH3) 

'N ^ 

identical with that obtained by oxidation of 
o-amido-azo-toluone (tolyl-hydrazimido-tolaene). 

' Hence the constitution of this peculiar diazo- 
compound is probably 
.N—N.OH 

CjH 3 (CH,)^ I I (Zincke a. Law- 

\N-N.CA(CH3) 
jion, B. 19, 1452; 20, 1176). 

S. Fatty diazo> compounds X 


\n 


As 


already stated, the fatty diazo- compounds con- 
tain a molecule of water less tlian the aromatic 
diazo-hydrates. Their discovery is quite recent, 
and is due to Curtiua. At present only a few 
anemberg of the group are known; these are 
obtained by the action of NaNOj upon the 
hydrochloridcsof amido-fatty-ethera X'"H,.COjR, 


and hence have the oonstitnllon X"TN 3 )C()^. 
They are unstable oily bodies, wliicn exhibit 
the following reactions:—!. By boiling with 
water or dilute acids^ they are usually con* 
verted into oxy-ethers, e.g. CH,{OH)CO.jEt, 
with evolution of nitrogen; however, diazo- 
C(N.,).CO.,Et 

succinic ether j by this treatment 

CH,.CO,Et, 

gives fumnric ether.—2. Wiih alcohols they 
yield alkyl-o.xy-ethers, c.g. Cll._,(OKt).CO;£t.— 
B. With organic acids they yield alkoyl-oxy- 
ethers, c.f/. CH.;(()Ac).COd'^t.—4. Wiih ahUkydes 
tlioy yield alkoyl-ethcis, e.g. ClI._,Ac.CO.Et.—5. 
With sinc-dast and acetic acid, they are reduced 
first to hydrazines, and then to tlm original 
amido-ethoTS.—(>. /eiZinc in ethereal solution con¬ 
verts tliom into di-iodo-ethers, e.g. CHh.CfEEt; 
bromine and chlorine act similarly.—7. By long 
boiling witli aromatic htjdrocarbons, nitrogen is 
evolved, and conden.sation-piod nets are formed.— 
8. By treatment with cone, halogmi adds they 
yield haloid ethers, c.g. ClLCI.CO..I‘H.- 9. By 
troatnicnt of tho dia/.o-fdlicrs with NH^ they are 
converted into the corri'sponding amides, e.g. 
Cir(NJ.CO.Nlf;,, whose reactions are similar to 
those of tlio ethers. The free diazo-acids, c.g, 
CHfNJ.COoII, and their sails, have not yet been 
isolated, on account of their instability (Curtius, 
B. 17, 953; B. 18, 1282; Buchner a. Curtiua, 
B. 18, 2371; 10, 850; Curtiua a. Koch, B. 
18,1293; 19, 2160). A. Q. G. 


imscuiPTioN or i>tazo- compounds, 

A large number of diazo- compounds are 
mentioned under the amido- compounds from 
which they arc fomed. 

Tseudo-diazo-acetamide CJI^N^O,. Formed, 
together with diazoacelamide, by prolonged 
action of strong aqueons NH^ in the cold upon 
tho methyl ether of diazoaeetio acidClIN^.CO^Me 
(Curtins, B. 18, 1287). Fine crystullino yellow 
powder, consisting of microscopic quadratic 
plates. SI. sol. cold water, dilute HCl, and 
acetic acid. Insol. alcohol, ether, and benzene. 
Dibasic acid. On warming with water it evolves 
nitrogen. Aqueons alkalis evolve nitrogen and 
ammonia. It gives a green colouration with 
Fehling’s solution; on boiling a black pp. is 
formed. Silver and mercury salts are reduced 
on boiling. 

Salts.—A"(NHJ. 3 ; small yellow tables; si. 
sol. cold water [c. 155*^].—A^'Ag.^ liaq: yellow 
microcrystalline pp., v. si. sol. water. Ex¬ 
plodes on heating.—A'Hg: yellow pp.—A"Cu*: 
sparingly soluble reddish-brown pp.—A"Pb: 
yellow pp. 

Diazo-acetio acid 'CHN..,C 03 H. Tho free 
acid and its salts have not been isolated on 
account of their instability. The alkaline salts 
arc obtained in solution by treating the methyl 
ether with cold aqueous alkalis. 

Methyl ether McA^ (129®) at 721 mm. 
S.G. 211-139. 

Eihy*l ether TAM. [-24®]. (144®) at 721 
mm. S.G. 2 a l-073. Formed by the action of 
NaNO^on a concentrated solution of the hydro* 
chloride of amido-acetic ether. Yellow oil. V. si, 
sol. water; miscible with alcohol, ether, benzene, 
and light ’petroleum. Explodes wherr' 



MAZO-COMPOUNDa 403 


1,804 is poured upon it SeactUm.—l. BoH- 
ng water gives glycollio other, nitrogen, and 
doohol.— 2.BoiUngafcoi«)igive8CHj(OEt).CO,Bt 
md nitrogen. — 8. Benzoie acid gives rise to 
3Hj(0Bz).C0.Et.—4. Reduces AgNO, in cold 
iqucous solution.—6. Reduces hot Fehling's 
■.olution.-'G. Zinc-dust and acetic acid form an 
instable hydrazo- derivative NlL.NH01L.CO..Kt, 
.vliicli is further reduced to ammonia and 
'^H...CH.C0.Kt. The hydrazo- derivative rc- 
luccs cold *i’'elilin;’’3 Bolution.—7. Combines 
.vith aldchndcs, thus: Pli.CilO + ClINo.COoEt 
l‘h.CO.CHj.CO.;Et + No.—8. Clian^es on stand- 
inginto‘a/.in.siicciiuc’other, C,Il,N,X')HEt,[’dl5‘^]. 

). l}oUing«u///nc produces Nl’hU.CJl;..COJ‘U.— 

10. Cone. HCl gives ClLCl.CO-.Et.—11. Hot cone. 
KOH forms a crystalline pseudo-diazo-salt 
whence boiling dilute 11.,SO,liberates hydrazine, 
K.,H. (Curtins, B. ‘20, i0:i‘2). 12. Roiling aro- 
inuti’c hydrocarbons produce condensation pro¬ 
ducts; thus beitzone gives C,li,COoEt (Buchner 
a. Curtius, Ji. 18, 2d71). 

Xso-o Jiiyl-et her (160'^) at7*20niin. 

Amide CUN.;.(i(>Nk,i 1111“]; yellow Uihlcs 
or prisms; v. sol. cold water or alcohol. Formed 
by the action of strong aqueous NR, upon tho 
incthyl-(dlior. Tlie aqueous solution decom¬ 
poses on boiling witli evolution of nilrogon and 
formation of glyeollaniide. By treatment in 
alcoholic solution with iodine it is converted into 
di-iodo-acetainide CIII.J.CONII 2 with cvohition 
of nitrogen. It gives a blood-red colouration 
with AgNOj, and in a few moments a reduction 
to metallic silver. It also reduces IIg(N 03 )^ 
and Cu{OAc).,,. IVitli Fehling’s solution it pro¬ 
duces a red colouration, which becomes green on 
boiling (Curtius, B. 17, 053; 18, 1233). 

Riazo-amldo-benzoio acid 

(3) XO.O (1) I 

C 3 H 5 (NH. 3 )^ 1 . Obtained by adding 

\ N:N (6) 

sodium nitrite to a solution of (0:3:l)-j.)-di- 
amido-bonzoic acid containing barely sullicient 
HCl to dissolve it. Long slender noodles, or 
four-sided plates. Yellow colour. Bitter taste. 
V. sol. hot water, si. sol. hot alcohol, insol. 
clhor. Has no acid proiiertics, but is a weak 
base. When dry it explodes on heating. It is 
decomposed by long boiling with water. It com¬ 
bines with aminos and phenols to form nzo- 
oompounds. 

Salts.—BjIlCl: white six-sided plates— 

B, U.jCl 2 rtCl^: sparingly soluble small yellow 
trimetric plates.-B.-AuCls-HCl: yellow insolu¬ 
ble needles (Griess, B. 17, 003). 

p-DUzo-aniline salts are formed by diazo- 
tising salts of p-phenylcne-diamino (Griess, B. 
17, 607 ).—C,H^(NR2)N2C1HC1Au 2C1„ is an in- 
Bolublo pp. ^ 

wi-Diazo-aniline imide ChH*{NII 2 ).N<^ || 

PfAmido-diazo-henzene imide. Yellowish oil. 
Volatile with steam. Easily soluble in alcohol 
and ether. 

PreparaftoH.—wi-Amido-phenyhoxamio acid 
0 aHdNH 2 ).NH.C 202 . 0 His diazotised and conver¬ 
ted into the tribromide C«H 4 (NjBrj).NH.C 20 j,.OH. 
By treatment with NH, this yields the imide 

C, H 4 (Nj).NH.C.. 02 . 0 H, which on boiling with 
aqueous KOH'splits oH the oxalyl group with 


production of m-diazo-aniline imide. On diazo* 
tisation it gives a diazo- compound which oora- 
binoB with phenols and aminos to form azo- 
dyeatulTs. Decomposes explosively on healing. 

Salts.—B'HCI: white soluble trimetrio 
platos.--B'..H..CI..FtCl 4 : yellow needles (Griess, 

B. 18, 063)*. 

ta-Diazo-aniline piperidide. 

A cetiil dcrivatitJC 
CJI,(NllAc).N,.NC,H,„. [101®]. From acotyl- 
ju-tolylene-diamino hydrochloride hy diazoti.Ba- 
tion and treatment with piperidine (Wullach, A» 

235, 260). 

(a)-Diazo anthraqalnone nitrate 

C, ,U.O..NoXO,. Formed hy passing nitrons acid 
gas into a solution of (o)-amido-iinthra(iuinonG 
in dry ether (Butlger a. IVtersen, .(. 166, 150). 
Powder, m. sol. water, v. sol. alcohol, insol. 
clhor. lYhen heated with water it gives Nj and 
?«-oxy-anlliraquinonc. 

Diazo-bonzene. Bcfercnces : Griess, Tr. 1864, 
hi. 667; il. 113,‘201; 137,32. 

IIl/droxide rh.N.;.Oll(?). On adding acetic 
acid to an tt<incous solution of IMi.No.UK a thick 
yellow oil is ppd.; this may bo diazo-benzene 
hydroxide. It is very unstable. 

Salta.—Ph.N.j.OK. A crystalline substance 
obtained by adding excess of cone, aqueous KOH 
to a saturated solvition of diazo-benzeno nitrate, 
and evaporating at 100®. Detonates feebly at 
130°. V. sol. water and alcohol, insol. ether.— 
Ph.Nj.OAg: obtained as a grcyish-wliite pp. on 
adding AgNOa to an aqueous Bolutii>n of the 
preceding; explodes when heated.— (Ph.N.,. 0 ) 2 Hg: 
white pp. got by adding IlgClj to the potassium 
salt (Griess, A. 137, 57). 

Nitrate. — Ph.N...N 03 . S.G.1'37. II.F. 

-47,100 (Bcrthelot a.'Vieille, C. Jl. 92, 1074). 
Prepared by p.*!ssing nitrous fumes at 0° into 
an aqueous solution of aniline nitrate contain¬ 
ing undissolved aniline nitrate in suspension; 
ppd. by adding alcohol and ether. Needles; 

V. e. sol. water, m. sol. alcohol, insol. ether and 
benzene. Stable in dry air in the dark, but 
decomposed in moist air. Explodes at 90° 
forming CO, CH,, N, HCN, CII,, and C. The 
decomposition may be roughly represented thus: 

c«h,.n,.no 3=SCO + 3C+en+ sn. 

Bcactions .— 1 . BanJim carbonate added to 
its aqueous solution produces Ph.N 2 .C^H 4 . 0 H and 
CjhHuN.O [131°]. This ‘ benzene-di-azo-phenol ’ 
is perhaps C,H,.N,.C,H,(OH).N 2 .CJI, for it 
may be reduced by Ill to di-amido-phenol 
(P. F. Frankland, 0. J. 37,751). It is soluble in 
NaOIIAq.—2. Aqueous NaOH, added to neutral¬ 
isation, gives the ‘ bcr.zcne-di-azo-phcnol ’ and ’ar’ 
brown substance, CauH^aNjO, iusol. NaOHAq.— 
3. Aqueous a7nmonia produces diazo-benzene- 
anilide and two amorphous brown substances, 
CiJI-jiNiO and Ci^HuNjO. The latter is very 
explosive and is decomposed by boiling HCl Into 
phenol, aniline, and N,.—4. Boiling dilate HNO, 
(1 mol.) forms 0 - andp- nitro-phenol (Noltinga. 
Wild, B. 18, 1338).—5. Aqueous K^FeCy# forms 
a compound CjsHnNj, [160°] (Griess, B. 9,132), 
C. Potassic fcrricyanidegiye^CtlL^^) 3 {B^tCj^^ 

7. Sodium nitroprusst^ gives the compound 
CJI,N.,H.EcCyj(NO)aq (Griess, B. 12,2120).— 

8 . NUro-henzyl cyanide and alcoholic KOH give 
a pp. of Ci^H.oNA [202°] (Perkin, 0. J. 43, 111). 

CAforiAe.—PIUN 2 .OI. Formed in solution 
0 0 2 
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mum. mMPOTTypa 


I 

j 121. 

■nsol j-lli' f • 1 )'/v 7 /</r»i/,'o; 2 .—A solution o£ 18 pta. of BOflium 

^ ’ t'et --I’h.N .Hr,. I’ornud by I nitrite is ad'led to a solution 5U pts. aniline, 

a.l.liii- *.li: i-.lv.-r HI H(:IA <1 to an ; lo pts. coiic. ll.SO^ in about l.r>00_pts. of water, 

a-iii'< " i jiion of a‘liii/'di* nzr-i;!; ijjilt. l.ar 'e tin- teinperuturt: of the itlixturo is kept for 15 

filtered 

aUoliol. (ov.i bruiun l»ji/ine wIkh (lir:lilK.'.l ; otT, waslicil, ami dried; the yuUl is 98 p.o. ol 
with Na * 'H wl*M! lual^'l willi uli’tibol. | tlu’ tlo'oretu-al (Staodol a. Ihiuer, If. 19, lUo2). 

Snlrholr. l'h.N,.SO,H. l^d. by addin;'; J')v/'nlir.s. tloldcii plates (from alcohol), or 
ftl.-olud (d \f.ln) aiMr«th.'f to a suhition of ; lur/.- tiat prisms (from benzene). Explodes 
ili.i/.id.cn.'. Ill' niti..''; nur.eil v.illi an ei]iiiva!fnt b> '.vren loU ’and‘iOiT. In<oi. water, and diluto 
i|uanljfv "f 11 Sn_. I'li .ins, v. e, wali-r, : le id.^, m. sol. cold alcohol, v. sol. hot alcohol, V. 
V. hi. K.d. ajeoli/d, Ii’ -1. rtlicr. 1 iKpb-.l. s at Hiir. | j;.,!. ether and benzene. 

ihi-ijanidi-. N, rij- (:..1I,.N,.CN.1H N*. • Ihuirtums. ■ 1. Hot conc. IfCIAq splits it tip 
;r .9 i’V.nte d by til*' action of a d«a/.'*-ben/eno ! into ]iIienol, iiitirj'jen, and aniline; cold llClAq 
salt <*M a .'.olulitHi of KCN’. Ibaiilily dcconiiKj.a-s j^vr s aniline and diazobenzone chloride, which, 
(dalairl, 12 , III.'.?). if an i-xcesa (more than 1 mol.) of HCl is not 

I’li.N'.().C„H.(NO.)j. Yellow pro ant, naaunliine formin;^ lienzcnc-azo-aniline 
nef d!< «, ol.!;iiiiod by iiiixiii;'j;oliition.s of dia/.o* ( 7 . e.). lln.^table clilorides sucli as aniiino 
b*'ii/ene nilruto and M.dium |»ierate. Very ex* liydro'.dilornlo or ZnC).^ also elTect the conver- 
plo^;ive (Ici- yor a. r, ii. H, psi). sion into beii/.eiie-azo-anilinc.— 2 , llromiM in 

S n . ’I'll*' pot a ssi)( ta salt, H nr.\ij I'ives rliazolKaizeiie bromi<leand tribromo* 

e.'illod ab o fk)lassium diit.rohcmnie aniline.- d. 'I'he hydrogen atom of the Nil-group 
sulifhonut' is pp.l. by adding KoH to a inixturo cun be rea<lily n-plared by alkyl radicles by 
of diit/..ilii iizrne nilratoand K.S(>,A(i (K. biarhov, trcalimnit with ab*oholic haloids, and sodium 
.1. 190. 7d). It forms »‘\pb);dve yellow erystals. ethylate. The alkybileil diazobonzcnc-anilides 
Hr.niiino in com^ llllr.Vq pp.n di.i/.i)ln n/.t ne thus obtained mo split up by aeiils into diazo* 
|)erbrotiudi'. /inc-du-t and acelie. n<‘id n dneo bmzcno ami the ct.n> .--poiiiUngnitmo-alkyl-aiu- 
it to tho cuiiei.pundiiij'bydra/.o-eomponnd. line, A jnoof i.s thu> atYrnd'd »)f tlio unsym* 
Ai/mW. (Jotivi'i'lr.l by Ciii) into mlro bon* im trieal structure of the anilide, and since tho 
•Z(‘Uo (>.indnuyer, />. 20, Itti?). I only ()llK‘r possible fnnnuta CJl ..N'.XIl.Cyn, is 

- a u Iph i n >iti) l’h.N_,.S() .(^H . . A' 

f7»'> l-'ri*in sotlium hi ii/.eiie sulphinate and ! exelnd('d by tlie find that the body is not reduced 
diii/ebcn/.eiie lultat;' (Ki'iii);;, U), i.’»!’. 2 ). i by att.iliiie redueing agents to hy-hazfdjonzeno 

OiaiUM* Ifildcs (from aI«‘ehoi); iii.sv>k cadd water, andM!,, tbe fornnita I’h.X .XII I’li is jtrobably 
V. sol. alcohol and ello f. corn et (I' l'iswcll a. (Ireeii, (\ J. 19, 710; U. 

m-Totr azi) bcuzciio (.’Jl.iN' .Oll). [Ird). 19, 20:51k -1. I'h.nol at lOO' givr.s benzene-;;* 
l'’<'rmt »l by the td a l.irce e\ci is of a;'<)-p!n nol. lle.-oicin and tlo’ naphthols act 

niiiou.taeil upici *.;• )>lieny!ce.e .iiaminc in pr« - ; siiuilarly (Ileuiimnn a. Occoiiomides, li. 20, 

H liec of IV Icii;. I \ci »!-. of IKd. It colubllii'i ; 972 ). 


b, aUiAtltlng bntline hjdrocWoride. OomWm^ 
(im..-(C,lf,.N..CI),SnCl.: white pIsUs, wl, 
welor, T. «1. *ol, nlo.liol anJ ftlicr (Oness, B. 18, 
885). -(H..'ix;l),(’ici,; >o>low piUms. v. si. sol. 
water iniiol. alcoled uiid ether. l’h.N\Cl.\uCh; 
goldefi plate;, in ol, water, m. s-.I. warm alcohol. 

1: t •'iHtdr. I'ii.N' -hr. ^‘ol■nle■l by utbhng 
brf-fiiiiie I.M mieili-n il ,i..[uliwn ef difi/o-benzenc 
ftfiiiid-. or l.y \va-;j;.x He- petbrofiiide for a bm;,’ 
lino- w.i'i .-Iber. J'early idalcs, V. e. Bol. water, 


The ebore diazo*beazeiiO-iUDidO'bsBZoio 
C HvN,.NH.C4H,.C0aH is identical with diazo. 
bonzoic-acid-anilide, 0,H4.NH.N2.C4H4.COjjH 
(Gri-jss, B, 7, 1C19; c/. Meldola, C. J* 61» 

Diazo-benzene-anilide Ph.N^.NIIPh, Diazo* 

umul‘hPH::i'ne. ^fol. W. 107. (OG'^j. 

F»iih - -Wy passing nitrous acid gas 
into an alcoholic solution of aniline (Griess, .dw 


with 2 mol 1. ol .tu amitu' or pheiud. i 

Sait.i. <’J 1,1N .('hd'U'l^: small yellow 
pkite.s; nc;vrl\ in * Iiible in eoM water and' 
alcohol; Imiti ! with ilrv Na.(.’i>, it yi«dd> di- I 
chloro bcti.n ne. • t:jl,(NA''k-\o,(d„: pp. oi ! 
j;<.dlow inicn-.- 'opic needlevS, c.vpiosivf (liiies.i, I 
ii. 19, :U7). • I 

;• Totr-aro-benzeno C,,1I,(N J>11). [1:1’. j 
I'ornod by tiic action of an e\c< -:; of nile'U.s | 
acid up.'u /‘ phcnylern'diamine in pi* s. nec of 
a hnee AC* :.s of acni. C'„M .(N ('11 ru l,; \t ilow '■ 


Salt'S. l'h.N.^.NA!'l‘)i: orange neodlcB.— 
(l’h.N'_.XHI‘hllCl)d't(. 1,: unstable crystals. 
Jii-au I pli Ditum i <!.' 

C ) 1 ,(SO.NIl..).N,,.NiI.C,H,.SG.XII.. [1 

Yellow needb;s. i-’roni C.Hd^<\Nli.)>^H,, HXO, 
nii-l iiitroim uoul gas (Ilyblu-neth, .1. 221, 20G). 
Cone. HC! eonverU into C„lI,(Jl.SO;,NUj, 
C..H.(N1I,)S(XNTI, and X,. 

Diazo-benzene-azo-benzcne-p sulphonic acid 
^ --C,.11,-NV Small yellow needles. 


tUNsnenue c\p!o..ivt« pp.; by hci'.ting with dry 
Na I O. It vicid-i I -di chioio bmzeno (Griess, 
ik 19. :U9;. 

Diazo beiiioiie.r; amido benzoic acid 
C,.U...N;.NII.G;U,t '0 tl. Kviniicd by mixing so- 
huions of »ii:v.',o-licn..cue nitr.it*> and m atuido- 
ben.'oic acid fGrics.s, . 1 . 197. icji. Small yellow 
plates (fruin etherb Sk .sek ulcohoi, v. e. boI. 
ether, C,,U,.N.Ojl,rttd„. 

Kihul rrki'i. yellow erysl.als, v. o. 

•a), alcohol and cllicr. C„H„NAh!I.r:kl,. 


N'e.arly yisotuble in most solvents. Pormod by 
long action of nitrous acid on amido-benzene* 
n/o heu/eiio-sulphonic acid. Boiled with water 
j it gives oxy-leiizene-azo-benzono sulphonic acid; 

' with nicojjoi it gives benzene-azo-benzcue-aul* 
phonic acid iGriess, B. 15, 218b). 

l}iazo*bcnzeue-beasyl*anilide 
C,ir-N,.XtG,H,).C. H,. lii'nzyl - diazo * amido* 
[ bi ttzt'uc, :8l ]. Yellow needles. V. sol. acetone, 
m. sol. alcohol, insol. water. 

I iVt'piiraftun.—30 a. of sodium are dlBSolTSd 
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In 500 o.e. o! aloohol, n hot solution o{ 200 g. o( 
dlftEo<be&seQe-amlidciQ 500o.o.of absol. aiooho! 
added, and the miiture heated with 140 g. of 
bens^l chloride for 1 or 2 hours; the product is 
precipitated by water and reorystallised from 
alcohol; yield, 200 p. 

Reactions.—On lu-atin^i it decomiuK^es ex¬ 
plosively. By excess of HCi it is re.-olved into 
diazoben/eno and benzyl-aniline (b'riswell a. 
Orecn, It. 10, 2n:u;). 

Diazo-benzeno-bromo-anilide r. Diazo-iuiomo. 

BENZENK • AN ILl OE. 

Diazo - benzeae-;)*chloro- anilide. I'ornn d 
from p'Cliloro diuzo bon/.eno and aniline. J\v 
warming \vii!> phenol it gives oxy ii/,t*.I»i n/enc 
and p chloruniliue (lleumann a. Oeconuniides, 
2). 20. OOSj. 

Diazo • benzene - ethylamide rinN.-NllKt. 
riom dia/;o l>on7.(‘no nilriite and cthvlumine. ' 
I'iernto (:,Il,,N,C,.ll (NOJjOM. ‘ ! 

Diazo-bcnzcncoihyl-hydrRzidorh.N^..N i 
rvoin diazo bemune nitr.ilo and ethyl liydraziuo | 
(I'h Fisclu r, .1. 100, MOJlj. Very unstable (dl. ; 
iUuluced in alcoholic solution by zinc-dust and j 
acetic acid to etliyl-hydruziiiu and phenyl- j 
hydrazitu*. i 

Diazo benzene imide CJI^.N,. Triuzo-Un’ 
tcnc. ! 

Formafion. 1. Biu/.ohenzem; perbromide Is | 
treated with aipnous NH, and the product' 
distilled with st*‘ain, dried over (’iiC’L, and ' 
r«etilied under dnninisluMl jinssure (drii .;s. Tr. 
lht)l, iii. 700). *2. By warJuiu}; nilro->o phi nyl- 
hvdnizinewitli <lilute'K()ll^l’isi her, .l.l'JO.'.ei).— 
ii. liy ailding Na.dO, to a luixturo of diazo- 
benzcm* sulplnite aiul hydroxyliuuinc. 

Fropcriii'.'i. \ lieavy oil; insol. water, in. 
81*1. alcohol and ether. l.>»;tonat<-s when distilled 
uniler atmospheric i)rcssur<.*. Not attacked by 
KOH. 

lti:act!o7i.‘i. 1. Beduerd in alcoholic Roiution 
by Zn and il.St), to aniline and MI3. 2. ity 
heating witli strong HCI it is converted into a 
mixture of 0 and /’-cliloro-anillne: 

C.H .N,h •JHCl-CX.NM. + Cl. + N.- 
CJI A^H.+iiCl + N,. 

8. By hfntiu:; with ILSO, djlutcs.1 with an eipjal 
volume of water it is converted into ^M.iuido- 
plionol; C H .N, 4 11/J -- C„!I.,.NII. - O + N;,» 
C.H,(pri)Nir. ^ N., (Hriess, It. 10, did), 

Diazo* benzene - dimetbylamide J'h.N'.N Me.. 
From dia/.obenzene nitrate and aijueims di- 
methylanum; (Uaeyer a. diiger, Jt. H, HOd). 
Yellowish oil; (xplodes when largo (juaiditits 
are heat'd; vlitile witli Bteam; insol. water 
and alkalis. V. <■. alcohol, other, and acids. 
Decomjiosed by ncidi into diazobcn/'.-nc t-alls 
and diincth) lamine. Aniline liydrocliloride. 
forma diazo-bonzeno-anilide and NMeJi hydro¬ 
chloride. Bicrato l*h.N'j.NMeX^ir(NUj,(UH): 
yellow needles. 

Diazo-benzone-methyl-asilide 
C^Hj.N2.N’MeC..Hj. MethylduiZ()-amifJo-hfn::mi'. 
Heavy dc*:p-yell<v.v oil. Not volutilo with Btcani. 
Miscible with alcohol, insol. water. 

Preparation.—'.’ jO i'. of gfjdiiim arc dissolved 
in 300 c.c. of ab-toiuie alcohol and mixed with 
a hot solution of 200 g. dia/.obenzene-aniiide in 
500 O.O. of ab.^oluto alcohol; when nearly cold 
&70 g. of methyl iodide are addc d; a vigorous 
reaction soon sets in and is completed by 1 or 3 


hourt’eohobatlon; half the alaohol is then 
distilled off and the residue precipitated by 
water, the oil separated and dried over CaCl )} 
tlic yield is 200 grms. 

/iV rd/ou.s. - On heating it decomposes ex¬ 
plosively, By exce>s (*f 1101 it is resolved into 
di.u.o! enzene chloride and nKihyhmilino 

(l-’riswvl) a. (Jn'cn, 0. -f.), 71-'*: It. I'.t, 20;b’)). 

Dinzo*benzcuc pbospheuie acid nitrate ('?). 
NO,.N .l\ll,.l*()i(mi ituij. jlf^S J. S. r.Hatlft'*; 
00 ill l-'oriif'd by passing nitrons iieid gjia 
into a boiling sobitiou of iUindo-b«-nzi'nc phoH- 
]>li()nie aeid in UN(),,.\<j < li;, a. Bi n.'.inger, 

y!. IsS.lnS). I.ong wliit'' prisms (I'lom 
l Aploib'S abovr lt»(0. V. sol. aleolui!, si. sol. 
ethi r. Nut alTeeied by boiling waiir, c\eu in 
presence i-.f H .SO,; alighlly decoin}>osed by 
boiling NaOll N.j. 

Salts. Nil .-V' ‘iaq, K.A"ati. BaA"8a(i.— 
Ag.A''.- Bl.A". ■ 

Diazo-benzone-piperidide riiN\.NCI,ll„. [Id 'j 
(Baever a. ddger, 8, H'.)3; Wailaeii, A. 2115, 
211 ). 

J'repauitiiui. .Aniline (lOhg.) is dis-.<dvi <l In 
aipU'ons HCI (210 e.c.) and the sv)Inti«'n at O'' is 
diuzolised with NaNtC (71 g.) and tlieii ]‘oured 
into a dilute a*]iifiius sohition of piporidiuo 
(lOtlg.) containing, KOH (titlg.) oo<ded with ice. 

/'/-o'fof.r.x'.-Ciyi.tals (from ether or petro* 
lemn-t llier). 

-1. HC'l )>a:sed into an (‘ih<>rcal 
sohiti'*n I'iva diazobi'ii/.' iie ehlorltb* and pijieri- 
ilinc liydroidilori'le. A'piemr; lU'l iu*ls simi. 
liirly. 2. Warm H(.d I'orm ; N , rliHUi.lu nz'-no 
and ]>ip<‘udine liydri'cliha id'-; pln in)) is a hy- 
produi'l. HHr an<l Ml net sinuliuly. - lb Hot 
dilute 11.SO, foilUH j*hennl. 1. An i-lhrieal 
solution of picric acid gives diu/.o hen/.eno 
pi«-rate. 

o-Diazo-bcuzeno sulphonic acid 

jJ.**^‘Yelluw i:dl tables, obtllined by pass¬ 
ing nitrous acid gasinlowaler con tain ingo-amido- 
bcMzeiM! siiljilio'iic ai'id in sii.'-peJision (Birndsen 
I a. Biin|iriclit, A. 177, B)l). 

I m Diazo benzene sulphouic acid 

j I’repared by passin;; nitrons acid 

j gas into a coneenlraled Rolutioii of m-mnido- 
j beuziiiie sulphoni'' ueld, eonliiining fbe fret? acid 
'in suspension (Meyir a. Stulur, A. U'i’t, ItW; 
i Bernd.sen, yl. 177, hh). Simiil tolumns (from 
water). Very explosive vvln n <lry. V. lO)). water 
ami decoiiipos'il l*y it at Boiling HItr gives 
I 7a-}ironio-ben/,<;no sulpbiniic acid. Boiling aloo^ 
hoi has ho action. 

m-iliazo-ienzene su Iph " viiAe iii Irate 
Nt>,.N,.(:..H..S(VNH,. I'ron, C„H.|NH,)SO,NH, 
by mixing will) HNO^ and ])a: sing in nitrous 
; aci'l gas (HybianeUi, A. 221, 2U5). Miuuto 
; mange lieedieH. 

p-Diazo-benzene sulphonic aeid 

Formed by dia/.otining p-amido* 

benzene sulpbonic acid (Sidirnilt, A. 120,144; 
FiM-hcr, A. lOu, 715). Small nei.tilt^s (from water). 

; Insol. cold walT, V. sol. water at bO-'. Boiling 
water forms phenol p-solphonic acid. An alka¬ 
line solution gives a red colour with aldehydes 
: (Bctrl, II. 8, 201; Zalin, JJ. 17, Bef. 21)01, but 
this is not a ciiaractcristic test for aldehydes, M 
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U if giren aliio by mtny other bodies (fJ. Klscher» 
B, Ifi. 057 ; 0 . Loc'W, J. pr. (2 HI, IHO). 

Jle4irtiim9.~ 1. Jhilinfj aUohcl forms Wn- 
*ene sulphonic ftCiM. 2. I'CI, at lOO^ has no 
action (/.liar, J. nr. '2, 20, ‘Ji'i.ij. 

I''j 77 I 4 « - I h' ti>^i iM--stjlj/!toiilC 

nci-l v-illi an jitkalin.- .-oliJlinn l lin-n-ajiUn. 

■J'Jir ...i lniiii Hi.'t i.WSn) fonuH yllow ^li O-nit)?' 
iM-.-.lh , V, ..'i!. ’.'-a!* r. , It i;5 v ry uii Uuhln, ri-.nlily 
ihci.'inj". ill/.4iJ0 frV"!iiiion of tiilro/.'tj, AVhcn 
hoili'l ttOti it yi'M.H iili' iiyl-^^nU 

jiliitli! /> i'llplmnio n'.id C.II -IS/J. ll,(S0jH) 
(SU-lh r,/;. 17. 207r.). 

MrtUi/t Uliilidt: 0, II,(SO,lh.N NMcO.,li.. 
j-'ornn-d by r(;Miliiii:ition of /< dia/* -b ni/cno. 
sulplionio with in"iii> {M•'tl|yl aiiiliiii' iti 

nearly jK-iilral .dlurion. Tli'-Mi'liiirn sail (Na-V') 
forma liir/d v. s.»l, wah'i-, from 

whifh it iJi j ri cijiilatr.l in whit*- fi lli d in-i dl< a 
by alkali; ti'aiiy iiisoj. ali-olnd. Not ulh'od ; 
by boiliti;' with liilulo ca'i-fiit soda. A< id i ' 
il iiitt> if : <•<-11 lilti. iit; /* <lia/')-b( ri/ciir- 
hiil)<hoiii<' ai'cl ami tm tliyl atiilim-, which vvin-n 
the aci-1 i‘t <lilNtit rci'i-mhinc to form nmthyl- : 
aiiii'lo h* ti/i-m' a/o Ih ii/.i in- Biilplmnic acid ^ 
<',.ll,(Sudl).N,.(',.H..MlMc(n. r.ithscn a.Oo>k(‘, | 
/•'. ’Jo, 0 *.'*;). 

/*i‘/o M-/,./,- (U'al. 

Iiudi, .-1. '.{/O). I'li-m siilphanilii; aci<l hv 

iliji/.iiliHaiioM ami Ipalm-'fit with jiipiamliim (I 
iiiuld ami .lipi.'oua NiuUI (1 mol.). Salt.-’ 
NaA': satiny platc.s. A/A'. Stable in neutral or 
alkaline . olalions. | 

I,■ {MI,lSO,ll).\/i| j 

I rill ■• ■hi'i'. I’oriiK'fl by 

the action of phenyl liyli.i/tm' upon dia/.ohin- 
•/a iic /'-iailplionic acid sii-<pemli-<l in c?dd water; 
(liu/olieii/.cne imid'-, aulphanilic acid, uiid aiii- 
Unc, are formc<l slmiiUaticoiislv : 

.N,. 


•JCJl., 


/i I •-’(dl.MI.NIf,. 
'SO, 


C„lt,(N,)SO,ll (OI.N, , C, II,(Nil .ISO,II 

.. While ili’tiijljesi c'lil, lii'i'dii-,-:. V. R, 
kmI. nli'oliol ami wat-r. Sal!-;. i:aA',2a<i: 

while si\ ..nl.-l plai.-s, m. s-d. hot water! 
i7fcni/; h;i<i,,’:inr <t,l I .N If ,A'a.|: Imi.T 
white •di.'lenin/ fdal- s. m. >..1. hot wat.T arnl 
nh-ohol, I.’.M in t!m c'd. m arly insol. ether ami 
e’limof.wm; d-ro: n-o<1 hy alkaii-4. hut not by! 
Jin even win u hctitn-: pin.-: s, /f. 20, 1528). ; 

^^Diaio-bt'iuene disulphonio acid 1 

■>. Tim salt.s are formed by ' 

p.’m.siiiK nitrous a.-id ra; at tf into a solution of 
theae!d.ia!lsoft:„l!,(N|l [lat: I; . Tho 

tiTC ueid k imstahle (/.amler, A. l‘)S, 21).-- ^ 
K.A'. 2 ini. ! 

Dia^O'beazeue disulphonio acid I 

(• I|i(SO,H N lonm-d by dta''.otiBin}? I 
^ 11:3:5;. Slemh'r tuedlos; v. 1 

>ol. water and alcohol. Ib-eemposed by NaOll • 
or llaCO^. 1 In'! alts ,ire formed by dia/otisiic’ 
salts of the ftnud.' h.m.tcno di.-^urphouio acid 
(flcin/.ciuu\nn. . 1 . [S';, r; i • i<ni •»'»;{) _ ka' — 
l>aA'. .'tinj. pnA' Smt * ** 

Diaio.benzeiie disulphonic acid 

Jiaiolisuig 


I Saitt — - KA'. — CaA',2aq. — 

! BaA',2a(].—PbA'jSaq (Heinzelmann a. Zander, 
i A. 108, 5). 

Biazo-benze&e ;:)*toIaid6 it identical wim 
dia/.o-toluoiie anilide {q. v.). 

0 Biazo bonzoic acid. 

Sitrate Nt>,.N„.CJI,.CO.H. By diazotisa* 
tioii of o-arnido boii/.oio acid .sii.sjKinded in dilute 
ll.VO^ ((rri(;s9, 7h 0, lOod). Ct>Ioijrh-ss tables or 
pri.im.t. V. e. sol. water, ni. sol. alcohol. Kxplodes 
win-n he.-ited. Boilin'' Avater converts it into 
salicylic acid, Bepealcd solution in water and 
]>pn. with alcohol convfcrt.s it into tho so-called 
semi-nilrate: 
i N — X 

■ (C04I.C.I],<;^1 ^\C.1I,.C(XII)11N0.(?). This 

sub.-tance is al.so forriu-d by pa.ssin;' nitrouH acid 

into an alcoholic .solution of o-ainido-lM.'nzoio 
acid ((Jrii-ss, .d. 117, d!l; Hand, .i. 2dl, 110), 

Pvrhromidf. CdI,Nd).d>r.,. 

Imidfi Tri/uo-hetuou-add, 

flld j. l-'rom the perbromide and ammonia 
(tiric.ss, Z. [2J 3,105). Long needles. M. sol. 
boiling water. 

m-DiazO'bonzoic acid. 

Snlphntc SO,H.N,.C..EI..CO,H. Forinod 
by passing nitrous aehl ga.s into a tliin pa.ste of 
the sulphate of m-amido-heii/coic acid ; l)pd. by 
alcohol and ether. Long white laniime, v. e. 
sol. water; detonates wlo.m hcati'd. Treatment 
with dilute alcohol gives rises to a *bn.sio 
sulpliatc’ C.U,N..(>„?li.SO, (?), or inoro pro¬ 
bably 

it rate NO,.N'.t;,H,.{;0.ll ffJriess, A. 
120 , |2<»). It.s a([uouus .solution left in cojitact 
with Bi(X), forms carhoxy hen/eni'-a/.o-oxy- 
hen/.'uc aci<I. W'ith lupicoiis NaXH^it forms an 
acid () 

Jhjdroxide 1IO.X,.C,.11,.CO.U. Unslablo 
yellow oil. 

Uhloride Cl.N,.C.,ir,.CO.ir. Cnmbina- 
fjens.—jCIN'd!,.('(Ml).I’t (.3,: yellow prisms.— 
(('1N\.(’,_IJ,.C(.).JI/Au('l.,. Tlii.s.salt sus[>ended in 
alcohol and trcati'il with IJ ,S gives hen/oic acid, 
cliioro lirir/olc Hcul, and suli'hytlro-ben/.oic acid, 
IIS.0^11,.CO^U (Oriess, J. pr. ;2j 1, 102). 

Perbromide Br^N.^.Cull^.CU.U. Oily pj>. 
Converl<‘d by boiling alcolu>l into m-bronu)- 
bejuoio acid ((Jrh-ss, A. 1.35, 121; Cunze a. 
Ur.hiicr, .'f. I.'IA, IDO). 

J:ai!fl ct/i. r; nitrate. XO,.N,.C..irj.CO.Kt. 

l'orme<l by dia/«>tising ni-umido-beu/.oic ether 
dis:«»lvcd in nitric acid (dricss, J, 120, 127).— 
Aurochloride (Cl.X,0,^11 ,.CO;,Lt}AuCl,; 
golilcn prisms (from alcohol). 

Amide; nitrate. XO3.N,.C,H,.C0XHj. 
Fernicd by tlie ai-tiotr of nitrous acid gas on a 
solution of wt amido-heuzttinido in alcohol mixed 
with ether (drie.s.s, A. 120, 127). Needles. 
ri a t i nocli 1 0 ri d 0 (Cl.N ..C„II,.COXH.)-.PtClg. 

^ I m ide N 3 .C„H,.C 0 .^H. Triazuhenzoic acUU 
[lOO"!. From the perbromide and NH, (Oriess, 
Z. id;;, liy). Thin lamime. V. .sol. alcohol 
ami 4‘tlier, ra. sol. boiling water. By heating 
W’ith liCl it is converted into two isomerio 
cbloro-amido-bcnzoio acids, (1, 3,1) and (2,3,1); 

N3.thH,.CO.Ut2IlCli 

H,N.C„il,.CO,.U + Cl.. + N,» 

. ii,x.cji,ci.can + lid + N, 

(Gnoss, il. 13, 3U). Salt,~N,.C,H*.CO^ 
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A»i2i Jd «. Duzo • BEKZEirS'iJIXDO-BBKZOZC 
iCID. 

Bronw-anilide v. DiazO'Drouodenzene^auipo* 
DENZOIC ACIU. 

Nitrile. Nitrate XO,.NVC,H,.CN. From 
m-anuilo-bc-iizonitriio (Griiss, B. 2. IHO). 
Explosive crystals; m. sui. coM water.- 
fer bromide l>r.N\..(-,lf,.CX. ('rystals. — 
toiide Xj.C,TI,.CN. ^.*'7 J. Xtedlts. v. i=!. .*<01. 
water. 

^'-BiazO'benzoio acid. 

Nitrate NO,,N,.(’H..C0.1{. I-xpIcMve 
wliiie j'n>m.s (Gri. <. J. Im’.], 

Amide. Nil rate. NO;.N..rjl/’aNH, 
(Griess, /. Isi'.r,, n. 

fmide N,.CJl..(:0.n. Tn,i:ol:;;:o:r arid. 
[Is5 j. Tliiii ((tiit.Isi'.T, Gil). 

«a-Diazo>boiizoic>;.'>amido-benzoic acid 
:3:1! COJI.(i.H..N\Ml.(i.,n..Co li 
Torint d by pa^dii;' jiititxis u<-id j a-< itilo an 
nieoliolic seliiiion i>f ?M-aijii<l<) avid, ui* 

by mixiiiji' jupieuiis yolutii.ms i>f ya-Hiiiidu-lx'n/.i'ic 

aeid and tlie niti'ule ef Ni-dia.:od}eii/(iic aeiil 
((irie.s.s .1. 117, 2; iHit. (.him;'.- 

|.:iains. K\pli)des at . \'. si. i-vil. wall r, 

ulfohol. and t llu r. Sol. alKaiis and n jipd. by 
arid-;. Ibalijnr HCl fonns m aniido-ln in:oic aeiil 
and jyy elilurodyeii.'iiic aeid. Iboniiin' wal' r 
give.s bronio-, and tri binino*, brinode aeid. 
IJoilin;^' water and iodine b>rm iodo ow !« n/.oic 
acid. N'itioii-; acid j'a-ised into a boiling; a<ine"n'i 
golulion toiuis nilvoni.xy.beii/oii: acid; nilmu; 
acid |>as--ed into a b<>iliii;' ab'oliolic solutinii 
forms bi'ii/oie aeid. I'unjin;^ ll.NG, ^ivea tri- 
iiitru-ow-bmznie aeid. 

Salt's. (Nil,I .V”. K.AV 
M i.tli - A ft hr I Mr .V”. Gin . Vellow needles. 
E th iN >'I h i r V.} 'Ill > (iolden m-edlei. 

p-Diazo-benzoic-/>-umido-bcnzoic acid 
[4:1] COjI.('„H,.N,.NII.(',ll..('(».ll ;l:lb Oran-.-e 
powdt r, V. ‘d. s(d. Iioilitar aleolud. l•'oImed by 
passing'nilioils aeid j’.as into an aleolndic i^olii- 
tion of /' amido-b( n/oic aedd (Heilslein a. 
brand, .1. 12'^. 2*ll»). 

m>Diazo>bcnzoic*/nanii(lo-bcnzoic acid 
[:t:l, Cl>.H.(:..ll..NVMI.C.,U,.CO.H [GP. IVom 
the nitrate of m-diuzo brii/.'iie aiddand /< iimido- 
bon/.oicaeid (Gn’e:-.;, J. t.ifM, An isnineiie 

(?; aeid is ;.it from ibe nitrate .tf ^roiiiinn)- 
ben/.oic aeid and n.’ aniido t.en/.oic acid. 
7/i.Diazo-brojno*bonzene. 

J-erbi<n..ide CJI.Hr.NJJr, (Wuisbr, A. 
17<), 

yoDiazo-bromo-bcnzenc. 

Nitratr C..ll,Hr.N'^-NOj. Formed by pa.-s 
ing nitrons aeid gas into an aijiurm.s solnlion of 
p-broinoani!ino nitrate ((ine-s, 'Tr. 18bl, iii. 
O'Jo). rpd. by alcobfii and i tin r. 

lllldro.ride C,_lf,l»r.N .<*lf; bright yellow 
needles. Very explosive. - C,.M ,J5i'.N*..OK. I'roiii tbo 
nitrate and strung KOH ; gi .< - Ibe piia eding body 
when treateil with acetic arid. - C,U,llr.Nd»Ag. 

JJ roiii i-ir (\H,l:r.N\-lb': scales; v.sol.walir, 
m.sol.alcoliol.in.'-'ol.ether. (C„H,]5r.Xd}r)^J'tJ/r,. ' 
i’crbro)iiide C'„Il,Ijr,N J'.r,: monoclinic 
pri.sms (from alcohol), v. «]. sol. ether, insoh 
water. 

C7i/orjdc CJI.Ilr.N^Cl: from the bromide 
and moist silver chloride.— (CjlI,l>r.N‘<Cl)AuCl,.— 
(C.U.iJr.N'CliJ’iC).. 

Sul if hate C,U,13r.N<.S0jH: slender priemi. 


Imide C^H*Br.Na. Triazo-hromO'hetmn4^ 
[20'^]. Insol. water, lu. sol. alcohol, v. sol. other 
and benzene. ItoduceJ by Zn and to 

brorno-auiiine and Nil,. 

V]ianide CJl,Kr.N^NlI(’N.rj2i^ ]. From 
/i-di;n:o-bromo-l»fnzfnc nitrate and nipiemis KCN 
(Ihibricl, ll 12. ir.:is). 

.-t (Ml |vr.N...NH.l'’ffj or, nltertia- 

tively (hH..N..Nil.(’.,H,Hr. l eMoed cilh. r fixmi 
ili:i,.u heii,:( :n* nitrate and ;■ broiuo-anilim' (*r 
fruin /» di:i.:o-liromo heii;'.i s. iiiliafc and aniline 
(tiriiss, />. 7, Itilx). Vtllow plates; r. sol. 
ether, m. sol. alcohol. ((h.II,„lIi N,IU‘!) I’UM,. 

;*• l>romo-a >■ Hide (‘..ll,ln-.N .NIH J>r. 
fll'i Obtained from )»-bromo •anilino. - ■ 

Diazo di'broni'i-beuzciic. 

.V77/'a/c (’„H.lh-..N,.Nl), f2:-l;lh OhtainfnI 
hy jMv.hng nitrons acid into an a'pieous solution 
of the nitrate of di-hroiiio aniline ((iriesa, 2V. 
LSdl, iii. 7tM). .S'ei-dleH or plater. 

riatiaochloride ((’JlJh-..N,Cl),rtCl*: 

orange plates. 

J'ei idfV n^hr .N Hr,: slen.li rneedleB. 

lm:de |i'.2'j: iieedle.s. 

B i ■ /./•() 7/, o - </ n i i ide 

r Il ,l:r.,.N..Nn(’„H,|5r . jlttH ). r’lom (2. 1,11- 
di broiiio aniline, (ioldeti m-edbr, v. bi. aul. 
ak-uii.d and «tln r. 

Diazo'tri bromo benzene. 

.Y//n//r' Formeil 

when a ro/^s/enrlelll of nitrons acid gas is passed 
inlii alcohol eontaining tri-bioiiio-aniiini! in sua* 
pin ion to/ilhir with eseess iif llNit^. Art 
V'xin as r\, I\tliine is tlihsulv* d. t(h< r is ad<h‘d 
and a inighl yellow <-ry;4alliin- pp. of tlir dia/.o. 
nilraie is foiiiii d (II. Silbersteiii, J. pr. [21 27, 
lU2i. 

/’/•-<; e/y;. s'. Yellowilimelricplatcs. l'’.xp]oMeH 
: at Js.',Sol, water mnl lU'l. N . si. sol-alcohol, 

' Clin t, and henr.i'in*. 

L'rthii'.'ns. - 1. Moili-d wilh olrohnl it girCH 
Iri-biomo-heii/.cno, N._., UNO., and aldehyilc. - 

2. Jli.ileil with T/-(7cr, gives olT no nitiogeji but 
forms nn<l<'N'imilled compounds. d. Heated 
with glacial oryV/c yfi i’r/ gives, olT N'.^ atid nitrous 

; fume-, atui leave-, fri-bronio-bcn/.eiie. 1. Healed 

' u ilb hnt :i nr (I pis.) it /Iceoiiipo. es at 17 ' forming 
' a dia/o di-bron.o phenol (//. r.}, (< tra bromo* 
hi ii/-einj ;'.l.s 1,.and nitrobenzene. - ,7. Heafe<J with 
I ('ll('l,it gives dia/o di-bronio-)>in‘nol and letra. 
broMio-lx n/eiie. <i. Heated with l one.i'iitratftd 
I K'i it forms oyi lul.s of the of diano- 

tii Inomo-bein'.eiio cbloridy-, C',,H'GreN',.(‘JlIry, 
I’rol.aldy ejiloiinliberated in tbirt naetj^n, 
imiiH out brofoim. from ; ome of the Iri-hiomo- 
co.-iiponiid, which bromine then imilcrt with 
the dia/oabi'.lide. 'I'be perbroilliile OXIilod/ift 
at 1 (» 0 ', foiming chioio-tri bronio-benzcuo.-*- 
7. With Hlir it give" the hiomiilc h/. v.).-- 
H. With MI if gives lii-ifiomo-iodo-bi n/.crie. 

Sulphate (hll .Hr,Nh.SH,H. 

/*r.-y///o.';.--(.'o)ourlesn jirismB. Hoi, water, 
f-I. s(d. alcohol, in.'-ol. etJjer and benzene. 

Ibacthns. —1. I)■ coJii]»oi' d hyalrohol intotri* 
trojno-benzene, iJ SO, and N.. 2. Foiled with 
acidnlulcd voter it forrns no tri-liroTno.phenol.— 

3. Healed with glacial ao fic arid it forms IrU 
, hi omo-benzcnc.—4. Not alTecG d by boiling berth 

zem. 

Bromide C.If.^luall aoldcn it4. 



BHiW tot to to i 

vMtoi titok D<»c«upoi«d Vy toi^ 
wa C.H,B»,. SI. wl jTEto, mwl 
fclcohol and ethor. Heat«d with glacial aceitc 
acid it give# nnsymniwtrical Cgfl^Br,. 

Ptrbromide CJf.«r,N^)r,. Formed by 
adding cone, illlr to a floliition of tbo nitrate, 
C H.Iir^NiNO,; Uio Iit|uid is filtered from 
C.H jir.N.Ur and evaporated to crystallisation. 
It forms'>ran;,'e prisms ami beliaves very much 
likoC,H,nr,S,CiHr,(^.v.). 

Ohloro-perbrofnide CJLBriN^CI.Brj. 
From tri-brotno (lia/.o-lion7.enc nitrate {^•'O,) and 
UCl. It explodes at 100^ forming ohloro-tri- 
brorao-benzeno. 1. With NH, gives 

Iri-bromo-diazo-benzono imidc {q.v.).'-2. With 
alcoholic tUmt'thi/laniline forms tri-bromo-ben- 
zcne azo-dimelliylaniliiio C*lIJlr,.N,.C,H,NMOi. 
3. With alcoholic vidhfjl-di-}>henylamiM it 
forms lri*bromo-oenzene-azo-iiicthyl*di*i>henyl- 
aminoCJI.jBr,S;.CJl,NMel’h.—4, With wc/cwric 
diphnufl xi forms chloru tri-bromu-benzono and 
nilrogon (SillM>rslein, J. pr. [2] 27, 111). 

Jtnidti CJlAky^,. f/'lt''). Formed by adding 
dilute ammonia to C„H,.Br 3 N.CiBr;,. Colour¬ 
less noeilirs. May bu distilled with Bteam. 
Insol. water, sol. warm al('o!>ol,cllier,and CIICI,. 
Unlike ilia/o bun/enu-itiiido, it is not reduced by 
^11 and if.HO, to Nil, and tri-brouio-anilino 
(Silbersteim J.pr. |2J 27. Hfi). 

Anilido (Ul:Br,N.,NIIFh. [101°]. From 
alcoholic anitino (2 mobs.) and C„II Jlr^N.NO, 

f l ni(>l.). The pp. i.s crystallised from alcoliol 
Hilber^iteiii, ,7. pr. (2J 27,121). Y(dIow, glitter¬ 
ing, trirliiiic prisms. Insol. water, sol. hot alco- 
hoi.flther.and beii/enc. Boiled with glaoialacetio 
acid it gives rulrogcm and tri-broino-aniliue. 1 
Tri’broinn.anilide 

C,HjBr,.N.MNU.C„ir.Br,. Obtained by passing 
N,0, sbuvly into a cold alcoholic solution of tri- j 
broinanilino. Sonic 0,IIjBr,NjN(.).^ is formed at 
the same time. Tho product is washed with 
water and hot alcohol and crystallised from 
benzene. Tho yiidd is bad (Hilberstein, J. pr 
[3] 27,120). Insol. water ami alcohol, v. si. sol. 
ether. V. sol. CllCl, and benzene. Not att.ioked 
by cold acids, but decomposed by boiling with 
adds witli evolution of N.. 

Oiato-p.bromo«oensene*ami(lo>bGnzoic acid 
0#H,Br.Nj.NlI.(\H,.CO.Jl. J)i(i:o bcn:oic acid 
From p-diazo-bnimo-benzene 
nitrate and w-nmido-benzoio acid (Griess, 
lH6t}, 4r»3). Clusters of needles. 

Slaio-bromo-bcnzeno enlphonio acid 

Frt'in tlio corresponding 
bromo-ftmido-aulphonic acid (Borna, A. 187, 
371). Small yellviw nectUes, ?. sol. water, m. 
sol. alcohol; explodes when struck or when 
heated. Heated with aloohol. it gives m-bromo* 
toniene sulphonic acid. Cone. HBr eivea 
C.Hjar,(SO,U)[l;l:2J. 

Siaao-broiuo-bcnieQc dltnlphonie acid 

OJI,(Sa..)(SO,H).Dt fl:4:C:2]. Minuto 
'"•‘'ter and lucohol. Docs not 
gP”* ’^hoa struck (Zander, A. 198, 15).- 


0ja^lt,<‘5^> Fnaii <3^{NH^a[aD|,;^ 
[1;2;6;4]. Yellowish scales; explodes MpV* 
100°. y. si. sol, cold water, v, sol. hot vato> 
Boiling water gives di-bromo-phenol snlpho)^ 
acid. Heated with alcohol it gives di-bromo. 
benzene sulphonie acid. 

Siaso ■ di - bromo-bcnssac-talpbonic.acid- di- 

bromo-sniphanilide 

C.HB..,(SO.H).N..NH.C.H.Br.(SO,H). 
(70°-80’i. From O.H 3 Br.(NH,)SO,H [2;4:1:«] 
by warming with alcohol and ENO,. Needles 
(from water). Insol. alcohol (Baessmann, A 
181, 229). 

Diazo di-bromo-benzcnc-disalpbomo acid 
0,IIBr.j(SOJI)<^“>. From tho nitro-ben. 

zeno disulphonic acid [1:.3:.5]? whose chloride 
melts at 9G°, by reduction, bromination. &nd 
diazotisation (Hcinzelniann, A. 18S, 183).' 
Biazo-tri-bromo-benzene snlphcnio acid 

From tri - bromo - aniluiet 

Cjr.fNflJBr, [1;3:4;5] by Bulphonation and 
diazotisation (Spiegelberg, A. 197,291). Minute 
needles. 

Diazo-tetra-bromo-benzene yi-znlphonlc acid 
Crystalline powder not decom¬ 
posed by boiling alcohol (Bcckurts, A. 131,225)* 
Diazo-bromo-nitro-toluene sulphonic acid 

CJIMcBr(NO,J<^j^ Formed by projecting 

m-bromo-;i-amido-toluene o-.su!phonic acid into 
fuming HNOj (Weekwarth, A. 172, 203). 

Biazo-di-bromo-nitro-toluene sulphonic acid 

CJir^Me(NOJ<[^j^^ Fonnod by projecting 

di-bromo-o-amido-tolucno j^-sulphonio acid into 
fuming UNO, (Ilayduck, A. 171. 355). 
Biazo-di-bromo-pheool 

C.II,Br,<9 [0;N. = l;2]. 

PrcpamfioH.-Bromine water la added to 
an atpicoua solution of o-diazo-pbenol chloride 
and the pp. is dissolved in fuming HCl, filtered 
through asbestos and ppd. by water. 

ProfH'rtics. - - Orange crystalline powder, much 
less stable than the p. compound. Wlieu lieated 
it ozplodos at 128°. It is more soluble in cold 
water than tho p. compound; on warming the 
solution a rosin is formed. Tlio solution gives 
an amorphous grey pp. with silver nitrate. It 
is almost insoluble in alcohol, ether and CS,, 
but readily dissolves in CIICI,, hot benzoae,and 
benzoline. It docs not r>duce l^ehUng's solu¬ 
tion, nor form a crystalline body with NuHSO,. 
C,U.;Br,^(On)N.Brl)a«i: decomposed by water* 
KthijUethcry nitrate of. 
C,H.J)rj(OEt).N,NO,. Got by passing N,0, into 
alcohol containing UNO, and di-bromo-o amido* 
phonetol in suspension, and pouring it into dry 
ether at 0°. Properties. —Prisms. Explodes at 
102^ If ils alcoholic solution be diluted 
with water (10 vols.) and boiled as long as N* 
escapes, it is converted into di-bromo-pbenetol, 
bromine being replaced by hydrogen, not by. 
hydroxyl (Mdhlau a. Oohmiohen, d. nr. fSl Sii 
482). 
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S'ormation.—l. Obtaingd adding bn- 
isias water to an aqueous solution of any salt 
of ^ • diazo-phenol: 0,H,(0H)N,Cl + 2Cri= 

CiAB't<N +HCl + 2nBr.-‘2. From HlJr and 

diazophenol nitrate (g. v.). 

Pf^riics. — A llocculent yellow pp, m- 
■embling sulphide of arsonio. Dissolves in 
boiling water, without decomposition, and 
orysUllises in yellow prisms as the solution 
cools. Almost insoluble in cold water, ether, 
and GS„ somewhat more soluble in CHCi,. 
Soluble in alcohol and in amyl alcohol. May 

kept for months in closed bottles in the dark, 
but, when exposed to air and light, it soon turns 
brown. Heated to 137‘* it explodes. 

Unstable, decomposed by water 
and Ty alcohol. G,H.Br,(OH)N,Br,aq.— 
{C,H,Br,(OH) NT,Ur} ,PtClg: triolinic plates, 
decomposed by water. — C^H2Br,{0H)Nj804li 
(Bdhmer, J.pr. 13'i, -1581. 

Jieaciions. —1. Boilm with water of which 
the boiling-point, by a<ldition of calcic cliloride, 
has been raised to 120*^, it gives off nitrogen 
and forms di-bromo-hydroquinone: 

CABr,<5J^ + H,0 - C.H,Br,<g“ + N. 

(Bolimcr, J. pr. 132, 461).—2. Dissolves in a 
hot solution of NuHSO,; and as the solution 
cools, yelIo\vnoe‘Uc.sof CrtH.JJr.^(0H)No803Na2aq 
arc formed. Tliese crystals dissolve in ether, 
benzene and CS^; do not explode when heated; 
show Liebenuann’s reaction; do not reduce 
Fehling’s solution; and give with BaCI^ golden 
scales of {C,H..Br,(OH)N,SO,[,Ba6aq.-3. 
duced by Sn and HCl to di-bromo-p amido- 
phenol. 

Biazo • di • bromo • phenol. (?) Identical with 
the preceding diazo-di-bromo-phenol just de¬ 
scribed may bo converted into this isomeride 
by first reducing it to dibromo-p-amido-phcnol 
hydrochloride and again diazotising. 

Pfoper/ics.—Explodes at 145®, has a greyish- 
yellow colour, is insoluble in water. Crystallises 
from alcohol in much thinner needles than the 
preceding. With Nall SO, it forms -mall plates, 
whereas the sulphonato of its parent-isomcrido 
crystallises in needles (Bohmer, /.pr. 132,471). 

Diazo-di-bromo-phesol 

[Br:Br;N:O = l:S:0:3]. Formed 

by heuting tri-bromo-diazo-benzeno nitrato with 
bouzcDo at 45^ (Silberstein, J. pr, [2j 27,107)- 

Fropertiaj.—Oblique prisms, from water. 
Orystallisos from alcohol. Explodes at 142^*. 
Soluble in hot alcohol Nearly insoluble, in 
riiloroform and ether. 

Balts.-These are very unstable; they are 
Formed by warming with rather strong solutions 
>f acids, but are saponified by water. 

Bsoctiowi.—1. Not attached by boiling awter. 
I. Heated with strong IIBr forms.; tri-bromo- 
>henol and N-—8. Reduced by Sn and HCl to 
U-bremo-amido-phcnoI and NHr 

ComfitKtion.—The hydroohioride of the di 
iromo-amido-phenol obtained by reduction, gives 
lebBltt'a resetion npon the gradual addition of 
Sbgli Watobiui powder, viz.: a violet colour 


ibiiMitti M C piiti M. A« tiiip (Oottn W 
dMrMtMuUo of jMmMO-plMndli, Uiii botb 
moat bo di-bromo^-amido-pben<^ and tinoe ft 
is formed from CriU 2 (NH^Br, [1:2:4:0] its con- 
stitution is as given above. It appMrs to be 
different from Bdhmer's compound, exploding 
at 137®. 

Biato-tri-bromo-phenol. 

Ethyl efher, nitrate of. 
C,HBr,(OBt)N,NO,{OEt:N, - 1:2J. TrioUnio 
plates, prepared by bromination of o-diaso- 
phcnetol. Does not explode when slruok. In 
melting-point tubes it explodes at 03®. It is 
decomposed by boiling water into tri-bromo- 
phenetol, the N^NO, being displaced by H, not 
by OH (Mdhlau a. Oehmichen, J. pr. 132, 4^): 

2C„UBr,(OEt)N..KO, + 211 O 
2C4HBr,(OEt)U + 2N.^ + 0,+ 2UNO,. 

Biazo-bromo-toluene tulphonio acids 

CH,.0,H^r<^y^ Five are known: 

p-diazo-m - bromo • toluene o-aulphonie acid 
(Wcokwarth, A. 172,136). lied crystals. Heated 
witli alcohol under pressure it gives bromo- 
toluene sulphonio acid. 

p-diato • bromo - toluene m-snlphonio aeid 
(Poohmann, A. 173, 211). Heated with aloohi^ 
under pressure it gives bromo-toluone m-sul- 
phonic acid. 

diaso-o-bromo-toluena m-inlphonie acid 
(Schafer, A. 174, 800). 

diaso-p.bromo-toluene m-sulpbonie aeid (S.). 

diato-p-bromo-toUena o-snlphonio aeid (S.). 

o-Diazo-di-biomo-tolttona p-aalpbonio aeid 
(Hayduck, A. 171, 362). 

Diazo-oamphor v . Gamphob. 

Diazo-p-cbloro-beniena [1:4] C.B^ClKaOH. 
Yellow explosive powder, ppd. from its salts by 
HOAc. Salts.—OJl 4 Cl.N,.NO,: while plates,— 
CJI,Cl.N,Br,: yellow prisms.—C,H,Cl.N,.— 
(C,K,ClN,Cl),PtCl, (Griess. Tr, 1804. iii. 706). 

Anilide v. Diazo-bonzeno p-chloro-anilids. ^ 

p- Chloro-anilide Can|Cl.N,.NU. 0 ,Il 401 
[125®]. 

Biaso-di-ebloro.benzana. 

Salt 8.—C,H,Cl,.N,NO,. — C^H.Cla.N^Br,.— 
(CJf,Clg.N,Cl)3PtCl4 (G.). 

Di-chloro-anihde C^H,Gi 2 .Ng.NlI. 0 ,H|Cttf 
[127Needles, v. si. sol. aloobol and ether. 

Biazo-obloro-nitro-pbenol 

CJIgClINOj) Fro® ohloro-nitro amido* 

phenol (Griess, A. 113, 215). Brownish-iod 
columns (from alcoltol). 

Diazo-di-eblero-pbcnol Frtfliil' 

CJI,(OH)Cl 2 {Niy [1;3:5:2J (Schmitt a. Olutl^ 
1 ). 2, 52). Brown fiocculcnt powder. 

Diazo-tri-cbloro-phenol From 

tri-chloro*p-amido-phenol (Lampert, /. pr, 

83, 376). Golden needles, explodes at 187®. ^ 
sol. hot alcohol or benzene, insol. ether. 

Ueaction$.—l. Boiling alcohol gives a trt*; 
chloro-phcnol (64''} (253^).—2. Cone. Na^K)«Ai|; 
forms C,HCl,(ONa).N 2 SO,Na, of which thh" 
acid C«nOi,(OH).N 2 .SO,H, explodes at 200®g and: 
forms an orange orysialline barium salt—St! 
forms C,HC1,I.0H, 

Diaso-eblora-thymol eblcrida 
0<BClM6Pri0U).N«GL Bv the action of NJ>- ^ 
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ft cold ftleoholle solatioa oi li^droobloride of 
•}iiorO'6raido4hyntoJ (Andraieo. J. pr. 181,180). 
I^ipitatfKl by ether. Coiourices needles, often 
grouped in fans. 

o Diaco cinnamic acid. From amido-cinna* 
mie uciil (lo pin.), JICl (9 pts. of y.O. 1‘19), 
water (70 pt-i.), and NaN'O.^. Tlic chloride 
lepantU-s ha a yellow powder (Fischer a. Kuzol, 
JJ. 11. 47H; A. 221, 272). TJio nitrate 
C,II,|.V,NOJ.(-Il;(’i 1.(^1 UI forms clear prisms. 
Iloth sall.-i niny lie hoilcil with potash without 
f{iviiu; olf iiilro^'en, hut they are decoinposcd by 
Inn’liii;' water, foriiiin}' o-coumaric acid. With 
Na^SU, ihoy form C„H,(N,SOjNa).CU:CH.C(J,ir, 
whence, hv rcdmdnh' with zinc and llCl, 
C,n.(Nn.MI HO,Nu).ClI;CH.CO,H. The latter 
(uruis shuMler needles. It reduces IJf'O in 
the cold, and FehUng’.s solution. IICI in the 
ftjld conveiU it into hydrazido-cinnuinio acid 
(if- V.}. 

//-Diaco-cinnaroio acid. The chloride 
0„lf,(N':N'.<'l).('l(:(;i(.CO^lI is prepared by tho 
action of NuS'O^ on /Mimido-cinnainic acid 
■usp^-niled in IJCl ((iabriel, If. lo, 2;JOO). J.oug 
nwslles (containing' ikj). .M. sol. water. Catj be 
dried at a genllo lical w.thout decomposition. 

j>DiMO-crMol formed by 

dinzotmiii),' C„ll,Mo(NII,)(()ll) [1;3:4] (Waoncr. 
Ji. 7. 137U) (Mu0.1X.(olI)N.Cl).l'tCI,: powder 
m. sol. water. 

Diaiooi^'Oumena-aulphite. 

Hall. U.I(dCiyj.N..HO,Na[l;3:l:0]. Trans¬ 
parent prisms (cuntainir g 2; aq). Not explosive 
(Haller, Ji. IH, 90). 

DiBio-i)»cumeii«.onini(lo. lyuiiaimidocunune. 
CJI,Mo,.N:N.NH.C,lLlIe, [0:1:3:1>. 
bormed by the combination of diaxo- 
eiimene witli cuniidino (Malting a, Diftimami, A 
IH, 1117). Veliow tables (from etlier). V. sol. 

benzene, etlier, and acetone, m, sni. alcohol 

Diaio cuminic-amido-cuminic acid 
l'r.C.IMaVl).M..Nl|.c.ll,|-r.C(),ll. i,Vmed 

by passing nitroiw avid into an alenlmlic solution 
of aimdo.eiininnc acid at 0Mimito prisms or 
loatlels (druss, ,1. Il7,ii2). ‘ 

DiMo-cth8iio.ulpliitoOJt,.N..SO,II. Dkuo. 

cUtane suliAdmu- .teid. 

Salt.- K.\'. boiined by tlie action of II-O 

r"ll in wri'o . ''J'l™™- >lerivalivo 

(.•,jI,.NII.MI..sO,K (iMscher, .1. Itiji .*^ 00 ) 

iLt’ i ‘■:»l'lo'l>'« wlien 

heated. Decnny.o.sed by boiling acids, N, and 
coming olt. llediioed by zino-diist and 
ftoelio aeid to (M( 

■* '’•* l‘'“lc. .108). rropared by the action 
?!en Ktl (Znni, J). 

U, Ib.lOI. Meiiiral Inpud, Exceedingly ox- 

Sl It ‘i' f’* I’.v water with prodnetion 

OX ftldolndt’ and alcohol: (C..H.) O N + HO 

-N 4 Cll .coil e Cdl^,,,, . A,o. 
o-Diaio-hunlpio acid* 

O.H(OMe),(C04l)<^^>0. z)i.«o •di-inethoxy- 

“le action of nitrous 
•md npn o-aimdo-henupio acid. Yellow mioro- 
SI.'ul'”'’ P®*'**”'- ®'- “o*- ordinary solvents, 
■tplodss on percussion or whan heated to 


1140®-1{0°. r CfeunarM fitb bnidgie iidi ' 
' boiling with tioohol. 

Hydrochloride 0,H(OUe),(CO.H)rK,CIag: 
long colourless needles. 

The sulphate forms small prisms (Griine. 
B. 19, 2302). 

Biaso-hippnrie acid. 

The nitrate CO.,H.CH.,NH.CO.C.H,.N,.KO, 
is formed by diaxotising the nitrate or ni-amido- 
hippurio acid (dricss, B. 1807, 105),— Per- 
bromide C„H,NO,.N.J3r,: yellow prisms. 
Imide C,II,MOj.M,: tables or needles. 

Diaxo-leucaniline v. Ilcxa-azo-tri-phenyl. 
mctliane {infra}. 

p-Diaxo-iodo-beniene C,II,I.N.,OH; yellowpn. 
Halt 3.-(C.H.l.N,Cl),I'lCI..- C.U.I.N,NO.:-- 
CJIJ.N,.SO,U: small plates, v. sol. water, si. 
sol. alcohol.-- C,H,I.N,llr,.—THiide C.Hi.N, 
(Oriess, Tr. 1801, iii. 700). 

(a) Diaxo-naphthalene (Oriess, 

Nitrate C,.H,..N..NOa - formed by diaxotising 
o-napbtliylamino nitrate. — Perbromide 
C,„lI-.N.,Br, : orange crvstals. —I'tatino- 
c/itoriitc(C,„Il,.N.,CI).,PtCI,. - Imide C,.II..N,: 
yellowish oil (c/. fischcr, A. 232,212). 

A solution of the chloride neutralised by 
NOjCO, gives a brown pp. Part of this dissolves 
in albalis and appears to ho C,.H,NO, tho rest 
18 ppd. as minute crystals by adding alcohol 
to Its bonxene solution. Analysis indicates 
Iloth form crimson solutions in 
alcohol, ether, benzene, and glacial acetic acid 
(P. f. frankland, C. J. 37, 7.50). 

(3)-Diaxo-naphthBlene. Obtained by dinzo- 
tiBing (8)-nnplithylaniiiio (Idi beriimnn a. Palm, 

A. 183, 2G7), The sulphate foriiis pale yellow 
nccuirs, and tho perbroviidc oraiigo necdlos. 

(C|.H,-N,.Cl)Cu.CI.,’‘: very unstable yellow 
pp. which is formed on adding Cii.;CI, to a cold 
solution of B-diaxo - naphthalene - chloride. 
(C|.H,.N 3 .Ilr)Cu.,Hr.; rod pp.; on boiling with 
water it evolves nitrogen yielding (8)-broiiio- 
iiaphthalcno (Lcllmann, A 19, 810). 

(a). Diaxo - naphthalene - (a) . naphthylamide 
[100"). Formed by action of nitrous acid on 
W-niiphthylamine, or by ppg. a solution of 
(a) diazo-naphtlialcne chloride with (oj-naph- 
thyliimiiie. llrowii laminra (from alcohol). 
Acids resolve it into naplitliylainine and diaxo- 
iiaphthajcne (Martius, B. [2j 2,137). 
(a)-Diazo.naphthalene sulphonlc acid 

[ 1 : 4 ]. Got bypassing nitrou* 
acid gas into (o)-naphlhylamine sulphonic acid 
(formed by sulphonating (a).naplithylamine) 
suspended in water (Clive, At. [2) 2(1,241; Kovile 
'Other, C. J, 37, 632), Powder, nearly in- 
sohihlc in cold water. Boiling water converts it 
in» a crimson dye, forming very littio naphthol 
siiliihonic acid, llcated with dilute HjSO, (a). 
naphthol p-stilphonic acid is formed. By heat¬ 
ing with strong H,SO„ or with water at 160’, 
(a)-naphthol is produced. Dilute HMO, (7 to 
El p.o. HMO,) forms di-nilro-naphtliol, [138"). 
Cone. HCf' forms a chloro-naphthalcne tul* 
phonic ecu!, whence PCI, forms Oiohloro- 
naphthalene [C8®j. 

Imid, C,.H.(SO.H).N<g [1:4]. 

^b^^o-rmphthalmt-p-sulphonUaeid. Formed 
by the aoiioQ of phenyl-hydraiine apoa tbft 



Midi 

IMoIldumio aeia, tad tnOfacw) dmul- 
ttneontly: 20, +aO,H,NaNH,- 

+ C,.H.{NHJSO.H+ 

0,Hj.NHj. While needles. V. sol. water and 






iloobol. 

. wbito silvery plates, V. si. sol. 

5 ?u I*^^®»yl*hydrazine salt 

UjHjNjH^A : long plates; v. sol. aleoliol, nearly 
insol. ether and chlorofonn (Oriess, B. 20,1530). 
(a)-l>ia(o*&aphthaleae snlphonie acid 

1' or d']. Similarly prepared 
from Iho product ot the reduction of (o) nitro- 
(a)-naphtha]cne siilplionic acid formed by sui- 
phonating nitro naphtlialciie (Ch'vc, D'l [ 2 ] 24, 
512), Yellow crystalline powder. Uoiling water 
give. ,'i).naphthol (a),Bulphonic acid. 
(5)-DiaxO‘naphtha]en8 salphottle acid 

Microcrystalline powder. 
Formed by diazotiaing (d)-naphtliylamine eiil- 
phonic acid (formed by sulplionaling (flj-napli- 
tliylamino). By boiling with HCI, converting 
into the K salt and heating with PCI, it yields . 
ohloro-naphthnlene-sulphonio chloride [ 12 'J '1 : 
(Forsling, B. 19, 1715). 

(B).Diazo-iiaphthaleiie salphonic acid 

formed by diazotising (?/ 8 ,/J,)- 
naphthylamino sulphonic acid, itself got by 
the action of Nfl, u|wn Sclintter’s (a).naphlliol 
sulphonic acid at 180“. Minute crystals. Con¬ 
verted by treatment with cuprous chloride into 
(a) chloro naplithaleno sulphonic acid, whoso 
ohioridc melts at 110 °, and, by distillation with 
PCI, is converted into («)-di-chloro-naphthalcnc, 
[136°) (Forsling, B. 20, 80). 

Tetrazo-dinaphthyl UO.N,.C„4f,.C,jr,.N,OII. 
Formed by diazotising naphthidine. It gives 
violet dye-stuffs wlien combined with the sul- 
phonio acids ot (a)-naplithol. By boiling with 
alcohol it yields ((ui)-dinaphthyl. 

Salts.—Ca,H,,N,SO," : yellowish plates.— 
(C„H„N,CI,)PtCl,; sparingly soluble yellow 
needles (Nietzki a. Goll, B. 18, 3250). 

Diazo-nitro-benzaldozim chloride 
C.H,(NO,)(N:NCI)(CH;NOH) [3:4:1]. Formed 
by the action ot amyl nitrite and HCI on (3:4:1). 
nitro-amido phenyl-acetio acid (Gabriel, B. 15 , 
837). Plates or needles. Explodes on heating. 
On heating with alcohol it gives m-nitro-beuz- 
aldoiim C,H,(N’0,)(C11:.N0H). 

p-Diaio-o-nitro-bcnsaldoxim chloride 
O.H.(NO,)(S,.CI)(CH:NOU) r2:4:l]. Forjned, 
with evolution of CO„ by the action of amyl 
nitrite on a HCI solution of o-nitre-p-amido- 
phenyl-acctio acid (Gabriel a. It. Meyer, B. 14. 
826; C. C. 1885, 516). Long red needles. Ex¬ 
plosive. By the action ol HBr it gives o nitro- 
p-brmno-benzaldoxim. By hot alcohol it gives 
o-nitro-bcnzaldoxim C,H,(KOJ(CH:SOH). On 
oxidation it gives o-nitro benzaldehyde. Ammo¬ 
nium enlphide reduces it to o-amido-benzaldoiim 
O.H,(Naj.CH:NOH ( 133 °). 

m-Diuo-iutro-benxeBe. Formed by diazo- 
iUng m-aitto-anilino. 


Imidt C,H,(NOJ.Nr [52"). 
p Oiaso-aitTO-beiixens. Formed by di-.o - 
tieing p-mtro-anilino. ' 

NilraU C.H.(NOJ.N,,NO,: slenderneodlei. 
Gives no pp. with PtCI,. 

/midcO.H.iNO.I.N,, (711. 
m-Diaio-nitro-beaienc.iitthyl-toInide 
[3:1] C.H,(NO..)-N,- Mvl.C„H,M« [1:4]. [56°], 
hrom 'a-aia7.o iu(ro-bcu/.«'no eliloriflo aixl otiiyf* 
P-toluidiup (Gastigor, Bl. [ 2 ] 42,312). llceolvod 
by (iilnto IICI into its giMK’rators. 

p-Diaio-nitro-beaiene-p-othyl-tolnide 
[4:l]C.H,(NOj -.N,-NEt.C.H,Mel]:4], [105°]. 
lollow nooillos (OuRligor, BL [2J 12, 312). llo. 
solved by HOI into n-diazo-uitro beuzone chloride 
and cthyI.j:).toIuidine. 

m-Diaio-nitro-benzene-w-altro-aniUde 
[3:1J CglI,(N(),).N,.NH.C„ir,(NO.j fl:3). 

I’onned by Iho action of iiilrous acid {I mol.) on 
m-nilro-anilino (2 mol«.). Small hmI {irisius, v, 
i 8 l. sol. alcohol ((iricss, 121 , 272; Heldola a. 

hot ttquooiaa 

. JvOlI; b«it the |)otas.siuin salt Kf])aratr‘s as brown 
crystals from a solution in alcoholic KOU. Cold 
IIChV(| gives w-nitro-anilino and m diuzo-nitro- 
bun/.eno cliloride. 

/j-Diaio-nitro-benzenon.iutro-aniUde 
[4:1] C.11,(XO..).N,.NII.O,I1,(NO,) 11:4). [228°). 
Formed by tlie action of nitrous acid (1 mol.) on 
;i-nrlro-anilirio (2 mols.) (Gricss, A. 121, 271; 
Jli ldola a. Streatfeild, C. J. 49, (>24). Small 
yellowne<‘db'i!, m. sol. boiling ab'ohol. Possesses 
distinctly acid prn|H'rtioa, dccoinisising No-CO,. 
Cold alcoholic KOII or boiling agneotte KOH 
form a magenta colourod solution ol tho potas¬ 
sium salt. It forms p-nitro-aniliiio when heated 
with dilute ILSO, or with water in scaled tubes 
at 2,10°. Cone. IICI at 20° gives yi-diazo.nitro- 
benzene chloride and p-nitro-aniline. 

S a 1 ts.—C.H,(NO,).N,.N.Va.C,ll.NO,: forme 
stccl-bluo needles, soluble only in cxooaa of 

alkali.-{C.H,(.\0,).N,.(C,.H,NO,)l,Cu.— 
)0,U,(.VOJ.N,.(C.T1 ,NO.) I ,Cd.~ 

. {C.H.(.'<OJ.N,.(C„H.N6,)|-Co. 

m.l>iazo.nitro-beDzene-;>-nitro-aQillde 

1 * r rroin (liazotiKcd m>nilro*anilino hydro* 

I chloride and />-nitro*Uinlinc ; or from diazotised 
p-nitrowaniline hydrochloride and nMiitro>aniiiiM 
(Mcldola a. Streatfeild, C. J. 5], 103, 430). Yel* 
low needles (from alcohol). DissoJ ves in NaOUAfl, 
forming a rod solution. Cold a<{ucoiiB '11% 
give.-j w* and p-diazO'nitrO'tenzcnc oliloridM 
and m- and ^; nitro-arii 1 ine. ^ 

m • Siazo - nitro * benzene. m • nitre • benzyl • 

anilide i:3:lJC.H,(aNO,).N,.NC,H,.C.U,(NO,)(l.- 8 ]* 

[142®]. I’roin ni-dja^*; )-nitro*bouzcno>m.nltro- 
anilide, alcoholic KOH, and benzyl chlorid# 
(M. a. S.). llClAq at 100'-’ gives m*chlaro>Qitro« 
benzene and m-riitro-bonzyl-anilirie. 

2 >-Diaz 6 .nitro-benzene > 7 )>nitro-beazyl*Milidw 
M:X]C,H,(Naj..\VNT,U,.C,H,(NOg)[l:4].(190«1. 
From /7‘diazo-nitro*beDzenC'/)*nitro>benzYl*aiila 
lide, alcoholic KOII, and C,H,C1 (Meldola •» 
Streatfeild, C. J. 61, 112). Minute yellow 
neodies. Cone. HCI decomposes it at 100® Into 
p-nitro-bcnzyl-amline and j>*chloro-Ditro*be«u 
sene. 




Wt Efcll C 34 {S 0 fN,. 0 ^fl;H# 0 ^ . , 

a From m-dlazo-nitro-oeMene 

alooholio KOH, and benzyl chloride 
illeldola a. Streatfeild, C. /• 51,114). 

m-Diaxo-nltro-beozene-m-aitro-ethyl-amlido 

JM] C,H,(KO.).N,.NEt.C,H,(NO,) [1:3]. [119°]* 

From tn-diazo nitro benzene-m-nitro-anilide by 
Ireatroent with KOH end EtI. Also from 
m' diazo -p - nitro benzene and wi • nitro-ethyl * 
-aniline. NeedloH. Cdld cone. HCl forma w- 
diazo nitro benzeno chloride and m-nilro-ethyb 
aniline (Moldola a. Btreatfeild, C. J. 61, 108, 
441). 

p.Dlaio-nitro-benzene-p-nitro-etbyl-aniUde 
[4:1] C,iI,(NO,).N,.NEt.CJI,(NO,) (1:4;. (102"]. 

by the action of I'ltl and KOH upon 
V'diuzo-riilro * benzene ./>• nitro-ethyl - anilide 
(Meldolaa. Kln atf.-ild, (J. J.4'J, 031). Or from 
diazotirK'd p iiitro aniline and p nitro-elliyl- 
Atiilino (M. a. S., ('. J. 51, lU, 4l2j. Yellow 
jteodicH, V. h). sol. alcohol, insol. alkaliH. Do- 
conifKWf-d bycol'l llCl intop-diazo-nitro-benzene 
chiuridc and p nitro ctliyl-aniline. 

iNDiazo-nitro-beiizene-m-&itro-ethyl.aDilide 
M:lj C.n,(NOJ.N,.NI‘:t.CVl4(NO...) [1:3]. (187"], 
From dia/.oti.sed p-nitro-anilino and m-uitrO' 
ethyl-aniline (Mchlola a. ,Streatfeild, C. J, 61, 
111, 442). Orange needles (from alcohol). V. 
*1. Bol. alcohol. Cold cone. IICI w-nitro- 
ethyl-unilinoand p-diazo-nitro-ben/eno chloride. 

m • Siaza - nitre • bentese -p • nitre > ethyl- 
anilide (?). 

13:1] C.IUNO,).N\.Kt.C,H,(NO,) [1:4]. [148"]. 
rrepared by diKestinK the putA.s.siuiit s.alt of in- 


benaeiM (Nietzki a. Besklztf, & 18 , 601 )<<-r 
0.(N0*)(N,0H)(0H)(0Na)0,aq: long yellow 
plosive needle8,-C,(N0J(N,0H)(0H)(0Ag)0*5 

yellow explosive plates. 

Diazo-nitro-phenol C8 Hs(NOj)^q*^. From 

C,H,(On)(NH,)(NO,) [1:2:4] by diazotisation 
(Griess, i. 113,212). Brownish-yellow granular 
mass; v. si. sol. hot water, v. sol. alcohol. Ex* 
plodes at 100". 

Methyl ether* 

Kitrate C.Ha(NOj){OMe).Nj.NO,. Formed by 
diazutising nitro-anisidine (Oriess, «r. 1860,469). 

' natinoohloridejC,H,(NOj)fOMe)N2Cl},PtCl4 

Porbromido 0 „H 3 (NOj)(OMe).N^r,. 

Imide C.H,(NO,)(OMc)N,: needles. 

Methoxy-nit rani lido 

C,rf,{NOJ(OMe).N.,.NH.C«H,{NOJ(OMe). 
Formed by passing nitrous acid into ar 4^ohcd 
solution of nitro-anisidine (Grioss, A. 121, 278). 
Diazo - di - nitre - phenol C,Hj(NO 

Formed by passing nitrous acid into an alco* 
holio solution of di-nitro-amido-phcnol (piora* 
mic acid (Griess, A. 113, 205). Yellow plates 
(from alcohol). 

Diazo<nitro>i8«phenyl*prepionio acid 
[3:4:1] C,H,(N0,)(N2.0H)C.^4.C0,H. Niin^ 
diazo - hydrocinnainic acid. The nitrate is 
formed by the action of ethyl nitrite and HNOj 
on (3:4:l)-nitro-ami(lu-j8-phenyl-propionic acid. 
It forms short colourless needles which explode 
feebly on heating. Heated with alcohol it 


diazo-nilro-bcn/etio p-iiitro-anilide dissolved in gives m-nitro-hydrocinnamio acid (Gabriel, B. 
alooliul with KlI (Meldola a. Htreivtfeild, (k J. ' 16, 815). 

61. lOrt). Kiunll yellow needles. ilcAt(‘<l with ! Siazo-nitroBO-methyl-nitro-benzene V. Duzo- 

HCl at 100" it. gives m-nnd p-nitro-oth^y-nnilines NlTRO-ltENZALOOXiM. 

nnd m- am) n-ohloru-tiilro-lH'iizencs. By cold ; p-Biaso-nitroso-oxindole chloride 

llOUt is resolved into w- amlp-dmzo-iiilro-b.m- ' r tj m n n r n m-v 

aenechlorides aiulm-andp-nitro cthyl-unilines. I C«H,N, 0 ,CI or CJI,(N.N.C 1 )^ >CO. 

m-Diaio-nitro-benzene-p-nitro- ethyl-anilide i p-Diazo-dioxindolc-oj'im chlonde. Small 
18:1] C.H,{NGJ.N.„NKt.CJI,(NO..) (1:1). [i75“]. yellow needles. Prepared by the action of amyl 
From diazotist'il m-iiitro aniline and p-nitru- nitrite on a solution of amtdo-oxindole in HCl. 
«iIiyl-ani)ino (Meldola a. Streatfeild, C.J. .61, la only slightly attacked by boiling alcohol 
110). Yollovv needles (from alc(diol). V. si. sol. j (Gabriel a. E. Meyer, B. 14, 832; C. C. 1886, 
Alcohol. With cone. llCIAq it forms p-nilro- ‘ 616). 

’' ’ ■ ’ .. .. o-Diazo-p-nitro-tolnene-piperidide 

i.e. [1:4:2] C,H,Me(NO,).N 2 .NC,H, 4 . 
[.61"]. Froinp-nitro-o-toluidine [107"] by diazo¬ 
tisation of its hydrochloride and subsequent 
addition of piperidine (Wallach, A. 23.6, 248). 
o-Biazo-nitro-toluene p-snlphonio acid 

C,H^Me(N 03 )*^ 4 jJj Formed by dissolving 
o-toluidine p-sulphonio acid in fuming HNOg 


aniline and w-diazo-nitro.bonzene chloride. 

p-Diazo-nitro-benzene-piperidide 
^4:1]CjJ 1|(NO,).N^NU,U„.- (l(7"] (Wallach, A. 

ta-Biaso-nitro-benzene snlphonio acid 

t 3 ) >N, (l) 

I . Formed by diazotisation 

of m-nitro anilirie Bulphonie acid (1:3.6). White _ ^ .. . 

nioroscopio tables. Uy healing with absolute ' and ppg. with ice-water (Hayduck, .,4.172,117). 
iuoohol under an extra pressure of 400 mm. it j Boiling alcohol under 1160 mm. pressure does 
isoonverh'd into p-nitro-benzeuo sulphonio acid . not attack it. 

(Limpricht, i>. 18,2186). | j> - Dlaao - nitre - tolnene o-inlpho^o add. 

Fomicd by dissolving p-toluidlno o-sulphonio 
acid in cold fuming HMO, (Wockwartb, A. 172, 
202). Large dark-red prisms. Alcohol heated 
with it under 1,000 mm. pressure gives nitro- 
toluene sulphonic acid (Pagcl, A. 176,304). 

p-Diaso-nitro-tolaene m-snlphonio add 
C^,M6 (NOj)N, 80, [1:2:4:6]. Formed by dil*. 
solving p-tofuidme m-gnlpbooio acid in fuming 
; BNO, (Pechmann, A. 173, 314), and also from 
I C,H,Me(NO,)(KHJ80,H [1:9:4:63 ^ 


DUzo-nitro-benzene diittlphenic add 
0i,H,(8O,U)(NO,)<[^J^^. Formed by diazo- 
iidng m.nHro-nitilinc disulphonic acid (Lim- 
prioht, B. 8, 2»0). Boiling alcohol forms la- 
nttro-henzene disulphonic acid. 

IHaie-nitro-beniolo add 

Explosive yellow laminie 
Pdkowtki, A. 173,63). 






onltf ’ f ^ tt» thMNllMl qaioittgr ol d2< 


MOMoffs irhenbolMwUh F«,Clctil oomesoff. 
fottog oloohol does not affect it| bat ia a 
IMiIod tube at lOO*’ it is converted into o>mt»>> 
tolnene m.salphonio acid. 

j>>l>iaio-di-mtrO'tolaeae o>talpboiile acid 

0«Hfife(N0J| From jf>*tolui<Une o~ 

enlphonio acid and faming HNO, (Pagel, A, 
176, 806). Yellowish needles. Not affected b; 
alcohol boiling under 1,000 mm. pressure. 

lHaso-.ozy*acryUc ether (?) 

0,H,NjO, i.e. CN,:C(OH).COJj:t (?). (112-) at 
717 mm. V.D.«> 5 0 (obs.). Yellow oil of strong 
peculiar odour. Volatile with steam. 

Gelatine, swollen with water, 
is warmed with absolute alcohol whilst HO gas 


II U8«hMn,£t7,tt«). 


adding other (Schmitt, B, 1, 67; BOhiner, J.pr, 
182,400). Bhombohodra. BromioO'Water addsd 
to its aqueous solution forms a jellow pp. of 
diazo-dibromo-phenol (^. v.). 

Sulphite C..H,(01J).N\.SO,K aq. Golden 
scales, gut by adding KltSO, to Oall,(OH).N,OI 
(Sehinitz a. Ulutz, B. 2, 51; Beisoiicggw, A* 
221.814). 

i*/fi//»toc;tii>rtdc(c„n,(on)N,ci),ptci^ 

m-Biazo-phencl. Kthyl dcrivativeiyfia’- 
ner, J. pr. [2J 82, 70). 

p.Biato.phenol. Nitrate 0«H4(OH).N,KO,,. 
Formed by ]ias!<ing nitrous acid gas into a cold 


is passed in, it soon dissolves and after dis* i 
off the alcohol a tliick brown syrup is j 
left latter, which appears to bo the 

hydrochloride of amido-oxyncrylio ether 
CH(NH,):C(On).CO^t yields the diozo-etlier 
when its concentrate aqueous solution is treated 
wIthNaNO;; it is purified by distillation with 
steam; the yield is 150 grms. from 400 grms. 
of gelatine. 

Reactions. -Acids eliminate its nitrogen, but 
U is very stablo towards alkalis, with tho ex* 
ceplioD of NHj, which even in tho cold soon 
splits off CO, a}id alcohol. By zinc-dust and 
acetic acid it is reduced first to a hydrazine and 
finally to an amido acid. An ethereal solution 
of iodine converts it into di-iodo-oxy-acrylio 
ether CI,:C(0!l).CO.,Et which on treatment with 
cold aqueous Nil, loses CO, and alcohol and 
yields di-iodo-vinyl-amine GI,:CH(NH,). It 
reduces AgNO, in the cold (Buchner a. Curtius, 

B. 10, m). 

Diazo-ooxy>benzoio acid 
C.H.(CO,H)<^^ tCO,U;0:N -1:0:3]. 

Dicuo^salicijlic acid. Formed by passing N.;0, 
into an aqueous or alcoholic solution of Jiydro- 
cblorideof amido-salicylic acid and concentrating. 
Crystallised from water (Hchinitt, J. 1804, 384 ; 
Goldberg, /. pr. [2J 19, 802; P. F. Frankland, 
0. 37, 749). Slender needles. 

Reactions.^!. Boiled with cone HI it gives 
iodo-salioylic acid [190'] (o. v.). 2. Mercaptan 
at 170^ gives salicylic acid (Schmitt a. Mitten- 
twey,/.j>r. [2] 18,193). • 

Chloride. - C.H,(CO,H)(OH)N,Cl. - PI a- 
Uno-chloride{C,H,(CO,H)(Ofl)N,C]|,PtCI,. 

Biaso-p-ox7*beuoie>amidoH>zy-bexuoie acid. ‘ 
Pimethyl derivative. 

I>(azo*r(mufo-an{«ic acid 
C,H,(O.Mo)(CO,ll).N,-.NH.C,H,(OMe)(CO,II). 
Formed by passing nitrous acid gas into apold ; 
alcoholic solution of omido-anisic acid (Gricas, 
A. 113, 387; 117, 4$). Amorphous powder, 
insol. water, alcohol, and ether. Warm oonc. 
HCI converts it into a red acid C,eH„0,. — 
Ha,A"liaq.—KjA"2aq.—ELA": narrow leaflets, 

PiaioHny-cumamic acid. Methpjl deriva¬ 
tive C*H,(N,OH)^OMe),CH:CH.CO,H [5:2:1). 
Formed by aiasotisingmetboxy-amido-cinnamio 
aoid. The chloride forms yellow crystals, 
decompose at about 102^. The nitrate i 

:^S^'iieedl^^ wh^'^lo^i^62% nearly j 


ethereal solution of phenol (Weselsky, Sits. B, 
2875, 9; B. H, 895), or of jv-nitroso-phenol 
(Jagor, B. 8, H94). 

By passing N,0, into atcohoH« 
solution of liydrochloride of p-ami<io-phei)o}^ 
adding strong UNO, and cooling strongly (Boh* 
mer, J. pr. 132, 450). 

Reactions .By w’arming with dilute/ 
lIBr (15 per cent, solution) it does not give off 
nitrogen, as diazo-benzene nitrate would do, 
but forms di azo-di-bromo-benzene in acoordasoa 
with the C(|uatiuu: 

60JI.<N°^"_+9ni)r- 

8C.H.Br.<g +3C.H,<^”,',+3NO,+>N()+OT.O. 

Chloride C.U,(OHyN,CI. Vormod by 
diazotising p • amido -piumol hydrocidoride. 
Converted into hvdroquinono by boiling oono. 
IlCl or dilute 11,80, (Schuler, B. 9. 1100), 
Heated with mercaptan it gives phenol and 
(C.H,),.S.^d^clunilt a. Mitlenzwey, j>r. |2) 18^ 
194).-(CJi ,(OIl).N.,Cl),PtCl^. 

Bromide OJl,(011)N,Br. Formed by pass¬ 
ing NjO, into an alcoliolic solution of the hydro- 
bromide of p-amido-phonol (C. Boliuior,/.pr* 
182, 451). Precipitakd by ether. 

Platinobromide (CJl,(OH)N,Br),PtBr,* 
Needles grouped in spherical segments. Got by 
adding an aqueous solution of I'tBr, (prepared 
like PtCl^ by dissolving spongy platinum in HBr 
mixed with HNO, and evaporating) to one of 
diazo-phcnol bydrobromide. If left for several 
days in contact witV their mother liquor, tho 
crystals absorb eight molecules of water of : 
crystallisation changing to blood-rod twin 
crystals resembling gypsum. Those are io- 
soluble in ether, CS, agd CHC1|, difliouHly lohlWlg* 
in water. The salt heated with 10 pit. oi 
Ka.C’O, docs not yield bromophenol. 

Sulphate 0,H,(OU)N,.80,11. Obtdned 

by adding dilate H,SO, to an alcoholic sclutioil 
of tho hydrochloric of /)-amido-phenol, pawiil(|‘ 
in N,0, and adding ether. Needles. 
expire when heated. Converted by bdlBl^; 
HBr into the bromo-phcnyl ether of )iydi^< 
quinone (o. u.). 

Sulphite HO.O,H,.N|.SO,E. Fromp-amldo* 
phenol, liCl, NaNO„ and KjSOi (lieiseneggez, X». 
221,816). Yellowish plates. 

Ethyl derivative "G,U,(OEt)N20H. Sfilti.-**'. 
C«H«(OEtlN,G. From p-amido-pbenetol hydlliw. 
chloride by solution in alcohol and treatmeol . 
with N,0,. Precipitated by ether M an ait 
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CrjftalHsM vlien «oo!t41<» -18^ But if 
h» «d()ed to the tleoboHo soloilon ol the chlorida, 
avoiding Hsn of tomperatiirc, eiTsiois of the 
iiilpbete 0MH,(0Et)Nr80Jl H«<}>arate. Boiled 
with watfr thiH fom»B C^H,(OKt^(OH), hydro- 
<|ainom) mono Hlivlic ether (q.v.) (HanUsch, 
•f. pr. l.'tO, •Ihlh 

MvAhyl derivative. Thn salts aro formed 
by diazotijiiii^' ;>-anisldino (Sulkowski, Ji. 7, 
lOOJ)): (J JJ./OMo^.NVNO,. C,H.(OMe).N,.SO.H. 

Diaso-pheQOl-carbaiuic ether. K thy I derU 
^ativ€ 

/N\-co r:t. 

CJI.(OKl)/ \ • 

^ Pri’/xini/iwi.- I)y iHisaing N,0, into a snlu- 
tiijll (d the hyilrocliloride of elhoxv.ujnido- I 
pheiiyl-iiielhane, (:.lf,((ij:t)(NII.).Nil.CO,Et, 
IICI (Kolih-r, J. pr. (2) 2U,27:{h 

Properties, - Sh-ri'h.T, silv»rry-whito matted 
neodh-H. Iiisol. wut«T, Hol, aleoliol, etlu-r, and 
glacial ftfi'tic uclil. Ofeomposes helow 100 ^. 

Hau'tions. 1. Dors not explode. -2. Not 
affected hy hoilln;,' iileohol. Iloilrd with soda, 
it is dceoiiipo.'ic'il with (ivolution of nitru{'cn. 

Blaao phenol sulphouio acids 
€,II.(\d)nh(>ID(SO.in and are 

nimUhlr erystallitM- acids obtained hy diuzo- 
tisin;* the correspondin'' nmido-phonol sulphoiiic 
acids (Ih'Jinowitz, J. pr. (2] 8, C2). 

Biaso phono! riiaulphonio’acid 

From 2»-antido phenol di- 

•iilphonic ncid (y.f.) (WilshiK, A. 215. 2;W). 

Halt. ^ K.A^'uq. Smull snlpliiir - yellow 
needles. Wanned with water it forms liydro- 
quiiiotie disulplionio acid. 
p letra-ajo-diphenyl 

KUraU Formal 

by ims.mj! mtrous aciil mis into nn alcoholic 
Rilution ol mtrato nt hen/.idino, and ppg. witli 
«th<|^r ((.ncss, 7r. Iddt.iii. 7llt). Whit.. nLllcs, 

T ».d water, .... sol. alcdnd, inaol. ether I 


roMsiUiM li/itoobiofldB (B. •. 0. BEidw. 

lH974).-4.H„N/n.8AaOIr ’ 

H*zs-uo-tri.ph«iyl-Mrbiayl «y»nUa 

Chloridi iC,H,(N,Cl)|,0.CN2aq. From 
hyilrocyano-p-rosaiiiline hydroohloride by diaao- 
ti.sation. Slender needlea, v. sol. water. Gives 
m 27 ”)"®(Kseher, A. 

Hexa-aso-tri-phenyl-methane chloride 
(C.H.N.ClijCH. Diazo-p-lettcanilinfl, Formed 
hy diazotising tri-ainido-tri-phenyl-methane, 
liydrocliloride (E. a. 0. Fischer, 194 , 269), 
Gives p-rosolic acid (aiirin) when boiled with 
water. 

Di-aso-phenyl methyl ketone sulphite of 
sodium CH,.CO.C.H..N..SO.K. Formed by di- 
azotising o-amido-acctophonono and treatine 
, the product with K,SO,. On reduction it gives 
i the hydrazine salt: CH,.CO.C,H,.NH.NHSO.K 
. whence HCl forms mcthyl-indazol * 

.C.Me - 


Nn ^ho aqueous sola- 

tion of the hydrazine salt changes to 
yO.Me 

C.H,< l\ 


'\ 


•N- 


-^SO.Na methyl-indazol snlphonata 


f’ert>id«ii./,.’|lr,N..C,II,.0 II N Hr 

^^'suip Klloiv plates. 

= "I'He 

*ri ,1 , d 

(.) Jl K' vn |T 1 

dim. hy .liazoli.mtioii and treatment with pi^ri! 
Biaio.pheayDoarbamio ethsr 

»rto.phenyl.MUamio™hOTYuudoil*ri^ 


of sodium (iMschor a. Tafol, A. 227, 305). 

Hexa-azo-di-phenyl-tolyl-carbiuol 
Chloride (C H.N,Cl).,C(OH).C.H.MeN,.CL 
Duiro-rosamlme Formed bydiazotisingrosani- 
rTi" (Caro a. Wanklyn, Z. 1806 

OU; F,. a. 0. F’ischor, A. 191, 279). Gives 
*“>''<=<1 ''itl* water.— 

(Cj„H„N,tl,,)-3PtCl.noq. - Cj,H„N.Cl,3AuCI,. 
HeM-axo-di-phenyl-tolyl - carbinyl cyanide. 

nLF-V'‘P‘^‘ (C.H.N.Cl),:C(CN).C.H,MeN.Cl. 
Dtiuohydrocyan - rosanilinc. — Gold salt ^ 
C.„lI„(CN)N.C1.8AuCI,. *“• 

ii) i"aniido- compound 
(1 ukall, 23. 20,1136). Unstable crystals. 
Diaio-roaaniline {v. supra) 

Oiaso-Buccinamio acid 

CO.,II.CII...CN,.CONH.. 

Methyl ether A'Me: [81°]; long yellow 
prisms (from alcohol). Formed by the action 
of aqueous NH, upon methyl diazo-sucoinate. 
lly disiompoaition with cold slightly aoidiOed 
■ water It yields methyl fumaramatc and methyl 
*'111 benzoic acid at 140°- 
160 it gives methyl boiizoyl-malamatc. Iodine 
in ethereal solution con-erts it into methyl 
di - loilo - suocinamste—CO..M c.CH,.CL.CONH 
(Cnrtnis a. Koch, B. 19, 2460). 

'’f*'"' C=^A(CONHJ(COJEt 

prisms; easily soluble 
m hot water and alcohol, sparingly in oold 
unter aad other. It is not altered by boiling 

nurl *’1 “'4s and alkalis is at 

once dMomposed with evolution of nitrogen 
Uedneed to aspartic ether by sinc-dust S 
acetic acidJCurtius a. Koch, 23.1MM3) 
Diiuo-sucoinlo aoid C,H.,N,(COJI),. The 
are^olY- “S'* 4i-ethyl ethers of this acid 

the nfi""®?! “<*“« iced solnUons of 

tlie liydroehlondcs of the aanarim 

ani^a^Psodium nitrite, 
end adding a few drops of dilute E[.SO„ after 





m 


womta iB!»;pi9aaec li tiitfceK oni ; 

71)« tikm 4M4E<>7ti]oir qU« whieh hvr^ 
not yet been obtain in a pore atate. Br boU< 
ing with water or a^joeous acids they are deeom* 
posed with evolution of nitrogen and formation 
of the corresponding fumario ether. Tiiey 
decompose siK>ntaneou3ly on keeping, evolving 
nitrogen and fonning azinsuooinic ethers 
(CO .K)aC,II,:N.N:C Strong aijueous 

NH, converts them into diuzo-succlnamic ethers. 

^-Biaio^toltiene. 

Salts.—The preporation and properties of 
these salts reseinhle tliose of the corresjionding 
diazo-benzene salts (Griess, C. J. 2U, SO).— 
C|H,Mo.N{.NO|: long slender white needles.— 
(Cji^Me.N^Cl) JHCl^t yellow prismatic crystals. 
C,H,Me.N,S(),a.- CJi,Me.N,Br,. 


luod an axoosa ti «r npos 
ittba^oani addition of a tittlo other. On 
heating with 4Krater or alcohol Ik dMorapoaes* 
evolving nitrogen like ordinary diaio-compoonds. 
By HnCl, or SO, it la not reduced to a hydracino 
but gives a stable compound G, 4 H,«N. which 
/N-NH 

probably has tlio constitution G.n.^ I I » 

\n-no,h, 

by bromine this body is reconverted into tbo 
diiizo-)K‘rbroi]ti<le. By ziyo dust and alcohol it 
is converted into m-tohiene*j»-rt7.o-tolneno (6h®} 
with evolution of nitrogen. The dinzo-imido 
loses nitrogen on heating and vieUIs tolyh 
N., 


azimido toluene C 




n) 


N.C;U,identical with 


bicyanule or C4U^Mc.N5.CN,HCN. ' that obtained by oxidation of toluene azo o-tolui- 

[78°J. Needles or leaflets. I'ormed by the action ' dine. o-Oiazo-loluene-azo-tolueiie reneta with 
of a diazo-tolueno salt on a solution of KCN ! amines and phenols like an ordinary diazo* 
^*}'.-tP,.10d8). i compound; the products, however, retltjtse to a 

Aniltuc C.,TT,Me.N,.NUPh or,alternatively, i dinniino or amido-pliennl and tolyl azimido* 
Ph.N2.NI£.C,II,Me. From p-to!uiditic and di- • Udueno. All the salts have a deep orange-yellow 
azobenzene nitrate or from aniline uml p-diazo- ! colour and are tolerably stable. * t*,,H,,N,.01* : 
toluene nitrate ((Jriess, 137, bO; Ji. 7, ; red granular crystals. - *((’,,HuNi.Cli.riGl,: yol* 

Narrow yellow leatlets. Hy wanning with phenol ; low ucieular crystals.- C,,ll,,N,.NO," : slender 
itgivesa mixltircof aniline,p-t(dui«linc,b<ujzene- | r<'d ])(jintod crystals.- (',4U„N,.S(),M": red in* 
azo-phenol and p-tolnene-azo-phonol; similarly { terwoven needles.--C,,JI,,N,.Br,: ll'i-') '], long 
with resorcin (lleumann a. Occonomides, B. 20, j glistening red iicedleH or compact crystals. 

907). j 7mide C,,II„N,: (H.'3 J, thick yelliiwish red 

p’Chloro^anilide. Formed from p- \ crvstals; formed by the action of alcoliolio NH, 
chloro-diazo-benzeno and p-toluidino. By heat-' upon the perbroinido (Zincko a. latwson, if. 
ing with pln iiol it gives p-toluene-azo-phenol j 19, 

and p-chloranilino (lleumann a. Occonomides, 7'rodrrcf o//ileduefton CjJInN, probably 
B. 20,909). .N --Nri 

Piju'ridide O.dInN, t.«. C,H,.N...NC.H„ ; C.n/1 | [108«j. Long colourlew 

f41°]. From CH,.C„H,.N,Cl and pi;^ridine. l 'N —N.C,II, 

Prisms (fnim alcohol or ether). Insol. water. . neo<lles. V. sol. hot alcohol, si. sol. ether 
Dry HCl pass<.'<l into its solution in petroleum- and chloroform, insol. water. It has no 
ether appears to form on unstable hydrochloride, : basic properties. It ia not affected by 
quickly decompo.sing into diazotolueno chloride reducing agents. Bromine in alcoholic or acetic 
and piperidine hydrochloride (Wallach, A. 235, : acid solution readily converts it into o-diazo* 
244). I toluene-azo-tolucno perbromido. On addition of 

p-Toluide CJI,Me.N3.NH.C*H,Mo. [116^). i Ag,0 to its alcoholic solution nitrogen is evolved 
Formed by passing nitrous acid gas into a solu- j and w-p-azotoluenc [.OS") is formed, 
tion of p-toluidine in alcohol and ether (Uricss, { Aeeiyl derit^ative C,«iI„N,Ac [134®!: 
A. 121, 277; when pure (by digestion with ; glistening white plates (Zincko a. J.aiw800, 
alcoholic (NHd^S) it forms nearly colourless 19,14.57). 
large thin prisms (Bernthsen a. Ooske, B. 20, ’ p.Biaio-tolaene-azo-toIuene 
928). i [2:1] C.IL(CH,)-N,-CJl,(CIL).N,01l [1;3:4]. 

p-Ethyl-toluide C,,Il4Mo.N3.NEt.C,H,Me. | Prepared by dissolx^'g loluene-azo-;'-lolui4line 
Decomposed by acids into ethyl-p-tuluidino and.: in alcohol, adding an excess of ilCi, diazotising 
»-diazo-toiueno chloride (Gastiger, BL [2] 42, : by passing N..O, into the wcll-roolcd solution, 

t..... I ...3__ti.,. . 1 :...... ..it...* VI* 


342). 

o.BiazO'tolnene'O'toIaide 
[2:1] C4H.Me.N,.NH.C,H.Me [IrS]. [61®]. 
Orange-yellow powder of microscopic needicB. 
Prepared by adding sodium nitrite (1 mol.) to 
au aqueous solution of o-toluidinc (2 mols.) and 
HCl (3 mols.) and (hen neutralising the HCl 
with sodium acetate, the temperature being 
kept below - 5° during the whole reaction. It 
is crystallised by dissolving in cold alcohol and 
adding ice (Fischer a. Wimmer, B. 20,1582). 
o-Biaio-tolnens-aso-telnene C^H^N^.OH t.e. 
>’-N.OH 

0 I . (?) Obtained by diazotising 

(oluenO'i^o-O'toIuidine; the salts crystallise out 
when a stream of nitrous acid gas is passed 
foto an ideoholio solution of ioluene-o-aso* 


and precipitating the diazo-salt willi ether. By 
reduction with NnCl, or zinc-dust and aogtlo 
aci«l in cold dilute aqueous solution it is 
up (without formation of a hydrazine) into 
o-toluidine and tolylcne-p-diamino. 

8 a 118.—" C, ,H, ,N ,.y 0,: slender brownish- 
yellow needles, m. sol. water and alcohol.-^ 
C„}I.,N 4 .Br,: yellow cryslallino pp. which 
changes on standing to small violet needles.--- 
C,,H.,N,.80,Na: glislenlng scales (from alcohol), 
T. sol. hot. alcohol, si. sol. water. 

Jmide CiJIitN,: [tlO®]; long plates; 8<^ 
alcohol and acetic acid (Ziricke a. Lawson, B» 
20,1181). 

o-Biaso-tolnsns m*snlphonle acid 

[i J], Precipitated as I 
white powder when nitrous gas is paacedinto* 



M HtltiUoii irf MoltiiBiW' 

15i»loa«l**My*U00»(MeviU».Witttli«,O.X pwirOja^elKHAi)^;^^ 

S7,6i8V OUie-m-zylfiks-tiilpuiiu uU 

o-Xteio-tolMne p-wVpli»nl« Mid. 0,HiMe,<^^^ [1:8:4;6]. Whitapp. Spsriagljt 

Decomposes at 60=-70». 
^ Combines with phenols and amines. Formed 

Mo,C,Hj(Ohtl.hO,ii li;r. J. .. v ii ky diazotisation of m-iylidine-suiphonio add 
o.Dlaio toluone o-sulphonic acid. Yellow /xiguj-g. jr-i,- d ,9 ijgi 


0,HiMe,<^^^ [1:8:4;6]. White pp. Spariagl)* 


p-Dlaio toluone o-sulphomc acid, rollow (jfslting a. Kohn, B. 19,188). 
or brown needles (.Ischer, A. Ibl, 8 ; Jensen, A. Diazo-o-XTlene-sulphonic add 

172,885). Heated with alcohol under pressure 5 n v r sn .. , 

it gives McC.U,(OKl)(SO,U) llemsen a. I'nlmor, C,H,Me,<g(J >Ll.< jJ. Yellowish white plates. 


Am. 8,2 i:0. 

j>])iazo>to]aeQO m*8ulpli0i)ie acid 


Stable at ordinary temperature, decomposes 09 
heating with water at 60°-70®. Formed by 


Mb/mi r Mnrn snliihlfl thiin tho diuzotisatiou of p-xylidine-sulphonic acid 
soluble than 

the corresponding 0 compound (NovjIo a. Win- jg^ 141). 
ther, C. ./. 37, «3l). Prepared by passing -- 


DISAZO-COMPOUNDS. Secondary azo-ewn^ 


nitrous acid gas into p-toluidine 8ul(»honic acid jioiauU. Compounds containing two azo- groups 
suspended in alcohol. Hut alcohol givt*a toluene Qf the form C—N,—C. The general meth ods by 
m-sulphoni(! nciii (I’etcnnann, A. 173, 201). which they may be prepared are ghuiB^tfnRro 
p-Diaso toluene c.co-8alpbouic acid article on azo- colouring matters Tha 

O.U,<r.n‘>SO.. Heated with alcohol under noincnclaturo here used is like that used to 
‘^CH..'^ * a/.o- compounds. To find the name of a disazo- 

1,100 mm. prosHuro It gives C|ll,(OKt).ClI..80gU comi>ound, write down the formula, strike oat 


(Mohr, A. 221, 212), 


everything between tho two N.^ groups, remove 


v-Diazo-tolaene-iulpbonio-amido-tolasne one of tho groups, and join the remaining 

•r. ^ __» aU. t _ 1 .. _ --.,1 _ _ iU.. 


lalphosio acid. Amide 

f|j 4 :-i] OJI,Mf<H hNU,)N,.NFr.O,ir,M-‘,SO,Nir, 

From C,H,M(‘(NH.,)H()^NII. (h2:ll, alcohol, and 
nitrous acid gas (Paysan, A. 2*21, 211). Dccom- 


parts of the formula togetlier and name the 
, resulting azo-compound as directed on p. 369. 

lol, and Then insert after the word * azo’the name of 
Dccom- tho central hydrocarbon, preceded by prefixea 


posed by HCl into N.^, 0,U,ClMo.80,,Nll;{, and representing its substituents and followed by 
C,II,(N1l,)Mo.SO,NH,. ‘ azo.’ 

o DUto-tolaotte dlialphoaio acid Dl-amido-benzene-azo-beazene-azo benzene 


DUzo-tolao&e diialphoaio acid 
./N. ^ „ _ 


Dl- amide- benzene - azo-benzene-azo benzene 
salphonic acid 


< ki.j - auignuiuv nviu 

I From N,0, and I [ 1 : 1 ] C,IT,(SO,lI)~N.,-CJI, -N,-CJI,(NHJ, 

Formed by the combination of diazo- 
aqueous o-toliiidimi disulphonio acid at U'’ (Tjira- ; bonzenc-azo-bcnzenc-p-sulphonio acid with Mt- 
pricht, H. 18. 2176; Hnssc,/!. 230,2Ul). Micro- ' phcnylcno diamine, lied microscopic needles, 
•conio iicedloH. Kxphfsivo. Heak>«l with alcohol i V. si. sol. alcohol and other. In H.SO, it dis- 
undor pressure it gives 0^11,.Me{0Kt)(8O,U)j.! solves with a violot-bluo colour.—KA'2aq;red 

tl/jtl. in /'' It VT-.T/un If\ ! ..1 -_1 «_„z _i __i 


With HI it forms (\ll Mel(SOjH).;. 
Salts. — K A'.—j hi A'j 1 juj. • - I'b A'.,.. 
p-Diaso toluene di-talpliooio aeid 
N 

O.H,M.)(SO,ll)/i ’ . FornicJ by dhi 


glistening plates, si. sol. hot, v. si. sol. cold, 
water, dyes silk, wool, and cotton a brownish* 
red (Oriess, D. 16,20361. 

Amido-salpho-naphtnalene-azo-diphenyl-aM- 


< 0 ] Amiao-saipno-napninaiene-azo-aipnenyi 

I . Formed by diazotisation naphtbylamine salphonic acid 
, v„ .7 [1:4:2] C,A(NH.,){SO,11) 


of p-ioluidliio-iU-sulphonic aeid. Yellowish 
orystals. Hy heating with HI it yields jmo<Io- 


[1:1:2] C,onj,(Nig(SO,H) - N, 


toiuenO'di-HuIphoiiio acid; witli llllr it yields Formed by combining diazotised benzidine with 


p bromo-tolueno-di-Hulpk .lie aoid. 


(a)-naphthylamine p-sulphonic acid. 


Salts. - A K: hirgo yellow prisms. -A'-Ba:* colt<»n from an alkaline bath scarlet, tum^ 
yellowisli white needles. — A',I’b : small rod j blue by a trace of acid. The aqueous solution 


prisms (Linqiricht, I}. 18, 2178). 
OH.]^»‘toluio-Amido toiaio acid 
CJf,Me(C(),H).N,.Nn.C,*H,Me.COJI. From 
aniido-toliiiu acid and nitrous etlior (Gricss, 
A. 117, SU). Minute yellow prisms (containing 
I#q); insol. water, alcohol, and ether. 
o-Diaio-p tolaidine bromide. 

Aeetul di'rii>ative 

CJf,Me(NHAclN,llr [1:4:2]. 


is rcfidily reduced by Nil, and zinc-dust, giving 
benzidine and nap)ithylcne-o-di-amine sul^onio 
From acid (Witt, B. 19,1719). 

Iricss, Bettsene-aso-m-dianMdo-heateneaiO'beBiOM 
uniug 0,n,-N,-C,H,(NH),-r-N,-C,H,. [250®]. 

Farmed by the combination of diazobenzono 
With ohrysoidino. Dark red needles or six- 
sided ptatca. Sol. hot chloroform and benzene, 
V. si. sol. alcohol and ether, insol. water. Weak 


From C„H,MetNHAcl(NHJ (1:1;*2], cono. HBr base. Salts.—B'HCl; violet-brown amorphout 
and cone. NaNO, at 0 ’ (Wallach, A. 235, 249). solid.-B',U,Cl,PtCl,: violet-brown amorphouf 
liMctions. - 1. Hot Ae^) converts it into pp. (Oriess, B. 16, 2028). 

C,H,Me(NHAc)(OAc) flHUuV’j.- 2. Nitro elhane Bentefie-ato-m-dlamido-bssseBS-axo-hsueai* 

and NaOKt give C,ll,Me(NHAc).Nj.CUMe(NO..). p-sulphonio aoid 

HNEt gives C.H,Me(NHAo)N^NKt,. C,H,(SO,H)--N,-CA(NHJr-Nr-0,H;. 

piperidido: Formed by the action of p-diaBO-bentaiie-sal*'■ 
0,H,Me{NHAc).N,.NC.H,„. [164®]. HCl passed phonic aeid on ohrysoidino. Duk-brovil Bfi|*' 
uto an alcoholio solution of this base gives a oroscopio oryst^t. V, si- onl- iw-ui 



UJBIAZO- OOKFOinrOK 




ittir. k%t ndiUi-tmnm ii«M, 

Midi, *«(«ir (GMau, B. 16f8033). 

mU 0,H,(OO.H)-N,—C.H,{NH,),—N,—0,H,. 

Formed by oombining m-diazo benzoio acid 
with ohrysoSdine (Grioss, B. 16,2032). Brownish* 
red powder. Insoluble or nearly insoluble in 
til ordinary aolvents. Soluble in alkalis with a 
brownish-red colour. 

(a)-Bettsene-azo*m*di*amido-beiu:ene'azo-tola* 

•ne N,-C1I,. 

Formed together with a small quantity of t^e 
(3)-iBomende by the combination of ;)-diazo- 
benzene with p-toluene-azo-phenyleno-diainine. 

Dark-red glistening needles. Sol. ether, ohloro- 
form and hot benzene, insol. water and alcohol. 

{$) • Benzene • azo-m • di • amido • bonzec e • azo- 
tolnene N,—CJI^{N H J, - N, -0,11,. 

122^1. Slender yellow needles. Sol. alcohol and 
eth^i*«. sol.ohiorofonu, sol. in water (Griuss, 

B. 16, 202(»). 

Benzene • azo • m > di• amido -benzene • p - azo• 
toluene C,II, -N, - N, C,TT,. 

[214®]. F*)rmod by the combination of p-dinzo- 
tolucno with chrysoidino (Griess, Jh 16, 20.30). 

Dark-red glistening needles. SI. sol. chloroform, I 
ether, and benzene. j 

Benzene-azo-benzeae-azo-;>-ere801 

( 4 ) «l) («» ( 2 ) ! 

N.,--CJI,(CIId(OH). [160®].! 
obtained by the notion of diazo-benzeno-azo- ; 
benzene ohioridc (by diazotising ben/.eno-nz.o- I 
aniline) on an alkaline solution of p-cr<‘snl ; 

(Ndlting A. Kohn, B. 17, 351). Small brown 
needles. Si. so!, alcohol, m. sol. chloroform, - 
benzene, and acetio acid. Dissolves in II-^SO^ i 
with a reddish violet colour. t 

Beazeno-azo.bcnzene-azo.ethyl-(0)-naphthyl- ! NaOTI. Dissolves in II.,SO, with an indigo-blue 
amine 0,11,—Nj- CJl,—N..~C, JI„.NHEt. I colour, ancTin alcoholic NaOII with a rod ooioar 

[142®]. Small red needles. Formed by licnting ; (Walhch, B. 15, 2816). 
•thyl'(/9)-Daphthyl-nitrosamine with an acetio! {y)’Compound [222^]. Large red noodles 
acid solution of benzenc-azo-aniline (Hcnriyucs, : chloroform, v. si. sol. alcohol. It dissolves 

B 17 2670) I strong alkalis with a brownish-yellow colour; 

’ Benzene aio.b6niene.azo.(S)-naplithol I j" 

C. Hs- N,-C,H,-N,-0,„U,.01I, From diazo. ! di ttmido- 


diseuO‘^nol. Phenol-bCduu<hoenienA* 
Formed, together with benzene-azo-phenol, by 
treating diazo-benzene nitrate with BaOO, in 
the cold, or by the action of diazo-lunzane 
nitrate upon a solution of benzcno-azo-phenol 
in KOUAq (Griess, A, 137, 86; 1). 9, 628). 
Brown lustrous needles or plates (from alcohol), 
y. b1. sol. water, v. sol. KOliVt;, v. si. sol. NUiAq, 
insol, Na^COjAq. 

Methyl fither 0,Jf„N,{0Mi>) [110®], small 
yellow crystals, v. sol. ether, benzene, acetone, 
and hot alcohol. 

Acetyl derivativo C,JI„N,(OAc) [116®], 
small yellow needles, sol. alcohol, ether, and 
benzene. 

Bengoyl derivative CjiIIuN^fOBz) 
[I.’IO^J, small yellow noodles, si. sol. cola alcohol 
(Ndlting A. Kohn, B. 17, 36H). 

Beozene-azo-di-ozy-Wzene-azo-bonfene 

CJI,(OII),-N,-CJI,. By the 
action of diazo benzeno ohlorido on an alkaline 
solution of benzeno-azo-rosoroin two isomeridos 
are formed which are su])Arated by their solu¬ 
bility in aqueous alkalis. A third isomoriilo (y). 
is formed, togcdlier with benzone-azo-rosoroio, 
by the action of diazo-henzeno ohlorido on res¬ 
orcin treated with KOH (1 mol.) in dilute 
aqueous solution. 

(a) C’oi/»/)(»urtd [216®]. Brown felted noodles. 
PiKsolvos easily with a red colour in aqueous 
NaOH and in ll.^SO,. HI. sol. alcohol and ether, 
m. sol. chloroform. Its di-aootyl derivative 
forms brown glistening needles, [1H4®J (Walloch). 

{fi)-Goinpound [220®]. Miorosoopioneedles. 
81. sol. alcohol and ohloroform, insol. aqueous 


tised benzenc-azo-aniline and (f8)-ruiplilhol 
(Niotzki, B. 13,1838). Brick-red powder. 

Benzene-azo-benzone-azo-resorcin 
0,H,-N,-C,H,--N.,-Cjr,(OH),. Bythoaction 
of diazotised benzenc-azo-aniline on resorcinol 
two isomerides are formed which are sepanted 


resoren). 

Di-ncetyl-derivative 
0 „I1 ,;.N,(OAc)2 1138®], orange needles (Liebwr- 
mann a. Kostanccki, B. 17, 880). 

Benzene-azo-triozfihensene-azo-benfene 
C,H,-N,-C,H(()n),—:r,~C,Kj. rkhrogludiu 
bi-diaxo-he>izene. yellowish-brown leaflets. Pre- 


■ . ,1 i- ■ xviiuvrinji-wiu 

by thcit different 6«lubildies in a.|ncoin; idkiihs diazobenzeno nitrate on 

{a).Compound [181 ). Hrownmh r.-d , ,,|,|o„Klucin (Wceeleky a. Jh nedikt, B. ’■< ■.(?« 
powder consisting of microscopic tables. Dm- I Beaiene.a.o-aioay.e.Meae-aio.napbthalm, 
BOIVM with a caijnino rod colour in aipieons c.H-N. - CJf,(OIl),-N,-C,.H,.(166''J. From 
NaOH and in H,SO.. Sol. alcohol, ether, and afazo-benzenj cliloride and an alkaline solution 

j-oneo-i -D 4 n* ! of m di-oxy-benzone-azo naphthalene (Wollaoh, 

(8)-Com^oun4 [216®]. Brown powder. Dt»- ; 22) 


solves in alcoholic NaOH with a violct-bluo 
eoiourand in IFSO, with a pure blue colour, 
T. si. sol. alcohol, ether, and cliloroform, inaol. 
aqueous NaOH (Wallach, B, 15, 2817). 
Benzese-azo-metbyl-pyrrol-azo-benzene 
C,H,-N2-C,H.N.Me -N, - CJI, 
C,H,.N,.g«CH 

probably ^iMei [196®]. Formed by 

C.HjN,.C*CH 

the meihylation of benzene-azo-pyrrol-benzene. 
Mjptates (0. Fischer a. Hepp, if. 19, 2268). 

Tab t 


Benzene-azO'di-ozy-b^nsene-ato-toIuene 
C,H,-N2-C«HdOH),-N,-C.H,(CH,) {1:4]. 
Prepared by the action of diazo-benzene clilorida 
on an alkaline solution of m-dioxy-benzene-azo* 
toluene, or of diazo-tolucne chloride on an alka¬ 
line solution of benzene-azo-resoroin; in either 
case the same three isomerides are simultane¬ 
ously produced and are separated by means et 
their diflerent solubilities. 

(«)-Compo74tti [196®]. Golden brown needles. 
Dissolves with a red colour in H-SO. and NaOH* 

£1 



M. ii»4 

4'«rlvttlT« fotms jivIhiwaMdlMi (174*1. 

((O-Owwawl [Ml*]. DiMoIvMwiaiBna 
•okmr in B,80, vid in aqueoui NaOH. Its 
li'Acetyl'dariTAtive forms joUow needles, 
(196®]. 

(6).C7o»n)>o«n^ (20fi°]. BrownUh - black 
microscopic crystals. Insol. aqueous XaOH, dis* 
solves in (o a blue solution. SI. sol. alco¬ 
hol, m. sol. chloroform (Wallnoh, D. 15,2821), 

Beaiesfl-ftso-oxy-'OTmeneiuO'benzene 

(J) (l)r4)(8) (6} 

0,n,-N.-C,nMcPr(OH)~N5- C.H,. ThymoU 
bt-diatO‘henzefie. [1C8®J. Formed, to(;othcr with 
benzeno-azo thymol, by tho action of dtazo- 
benzene on thymol (Mazzara, G. 15, 52, 226). 
Silky needles, eol. chloroform. By reduction 
with tin and HCl, and subscquentlroatmcntwith 
Fe,Clai it is converted into oxy thy>no(]uinone. 

Benteae-aso-o-ozy-tolueneaxo-bcnzone 
(1) (3) <t) (S) 

0,U,-N,-C,H..Mc(()H) --N,-CJIj.(U5®]. Ob¬ 
tained by tho action of (2 mola. of) dinzo- 
benzene chloride uri an alkaline sotution of 
o-crosot (Mdltin((, //. 17, 301). Jh-diUsh>bruwn 
plates. V. si. sot. c<ild alcohol. l>i.s.suIvos in 
alkalis witlt a ynllowi.sh red colour. 

Aeetj/l derivative (12P], yellow needles, 
f. sol. alcohol, otlior, and bonzonu. 

Be&sese-azo-m-oxytoluene-azo-benzeae 
(I) <l') M) (. 1 ) 

0,n.,Me(0(I) -- [140®]. Ob¬ 

tained by the action of (2 mols. of) diazo¬ 
benzene chloride on an alkaline solution of 
m-crcsol. Ihidiligli-brown plates. Sol. ether, 
benzene, and liot alcohol, si. sol. cold alcohol. 

Acetyl derivative [167°], small yellow- 
Wi-brown noodles (NClting a. Kohn, li. 17, 3«7). 

Bensene-azo-dl-phenyl-nrea azo-benzene 

(270®). Formed by tlio action of'carbonyl 
shloriile on bonzene-azo nnilitio (Ih rju, If. 17, i 
1404; C. C. 1HH4. 871). Small philos. Sol. 
chloroform and benzene, si. sol. alcohol. 

Bentone-aso-diphenylthio.nreanzobenzone 
0,H,~N,-0.U,.NU.CS.Nn.0«H,- N.,-- CJi,. 
(109®). Form«*<l as a by-product of tho action 
of phenyl-mustard oil on beiizono-azo-anilino 
(Borju, B. 17, iiO/i). 81. Kiil. hot chloroform, 
ijleno, ami aeclio acid, v. si. aol. alcohol, beii. 
•ene, and CS,. ^ 

Beanas azc pTrrol ata beniane 
O.H. N,-C.FI,N-N.-C.1I.. 
C.n,..N,.C-.CH 

' „ i . [131*1. Obtained 
C,n,.NrC-=CR I 

by Combining (2 mols. of) diazo-henzeno chloride ' 
with (1 mol. of) pyrrol in alkaline solution. ^ 
Bm cryatallino solid. Sublimable. M. aol. ' 
ather and bonseno, si. aol. alcohol, nearly inaol. 
water, roasesiiea basic propMties. Dissolves 
in dilute ilCl with a reddish-yellow colour; in ^ 
CMC. H-80, with a splendid blue colour. Ita ' 
Jiooholio eulution is turned raagoiita red by 
«aOH, iwldish-violot by oono. HCl (0. Fischer , 
m Hepp, B. 19, as.'il). 

BeiueM.aao.nyrroI.(«).aao.iiaphthalene 
O.H.-S,-C.H,N-N,-0,.U, I 

C,3|.N,C-CH I 



ordlt, . 

iloride wifli pjtrol-uo-teaMM, 
in alkaline alooholio aoluUoD. Bed pUtw, ; 
bluiah reflection. 81. aol. aloobal (0. Btran |> 
Hepp, B. 19, 2266). 

Trl - bromo - beniene - aio - di - pbrayt • dl-; 
iaoisdole-aao-tri-bromo-baniesa 

ir 

C„n,,N.Br, or I | 

HC-CC.H, 

C!.H,-N,-OABr, 
[150®]. Orange yellow prisms. Solublejp nit 
ordinary solvents except water. ^f 0 !RMhy th* 
action of tri-bromo-diazo-ben^ne ohloriiu on 
di-phcnyl-di-iso-indole. — B^fljClg: slender 
yellowish-brown needles (Mdblau, B. 16,2490). 

Di - bromo -ozy-benxene-aso-di-pbe&yl.diw 
isoindole-azo-di-bromo-phe&ol. 

0,H*-N,-0,H^rj(OH) 

ir 

0,H,C™CH 

C„H„N,Br,0,ot | | 

HC-CO.H, 


y 


I 

C„H,-N,-CABr,(OH) 
[198®]. Yellowish-grcon prisms. Sioluble in 
alcohol, dyes wool orange and silk yellow* 
Formed by tho action of di-bromo*diazo-phen<4 
on di - phenyl-di-isoindole. — short 

metallic glistening prisms, insol. water (Mdhlan. 
D. 16, 2492). 

tif ■ Cnmene - azo - - di - oxy - beozene > ato • f • 
enmene 

C,H.,Me,-N,-aH,(OE).,-N,-0,H.,Me,. 

Formed, together with oumone-azo-resorout, 
by combining diazo-cumene chloride (hmn 
nmido-pseudo-cumcno [62®]) with resorcin:. 
(Liobermann a. Kostanccki, B. 17, 882). Small 
red needles. I)iaaolve.j in UjSO^ with a red 
colour. Insoluble in alkalis. 

p-Di>methyl - amido - benzene -p-oso - benianow 
azo-(d)>naphtho4 

H0.C„H,-N,-.0^,-Na-C,H,.NM#r [ 910 %: 
Got by pouring a diazotised solution of p-amido* 
bonznno-azo-dimethylaniline hydrochloride in^ 
absolution of (6)-naphthol in NaOH (MeidolJ^ 
C. J, 46,109) Bronzy green needles. 81. acd. . 
alcoholfv. so), hot OjHbO;!, benzene, and ohl<ffp- 
form. Solutions in the above solvents are .; 
in alcoholic NaOH, red; in oono. H.jSO«(p»e&b 
turned blue by dilution. An lUcoholio aomtioa 
is turned (flue by HCl. 

p- Di-methyl-amido-beniene-o-OM-beBMM- 
axo-(a}.napbthol 

HO.C,bH..N,C.H NrC,H,NMer Prepared lilt 
its (B) isomeride (M.). Its propertiea art 
except th&t the aolnUon In oloobolit SOS If 
violet. U dooompoiea below BOO*. 




-H(—OA-^K,—iC^.Klt«,. Biowa 
MompoM befora melting. SI. tol. 


-—• niMnoI, the solution being reddish- 
"ol®*. ‘*>en bine by 
rMUi^ HCI. 81. Bol. glacial acetic acid, the 
eolufaon being rod when hot, violet when cold. 
SSl ■ i?- Solution in alooholio 

jROH IS reddiah-violot. Solution in cone. H.,SO, 
M ^olet, becoming blue on dilution (Meldola, 
0. J. 48,110). 

lli*niethy2-aniido-benieae-n.aso.beniene-aio. 

phenol 

HO.C.H,-N,~C.n.-N,-C.n,NMe,. Brown I 

pojwer, forming a brown solution in aquoo’^s • 
KOH, and a red solution in alcoholic K(m. 1 
msemblea the analogous di-mcthyl-amidow ! 
bwaene-j?.azo-benzene-azo-resorcin fo. v.) ! 
- 3feHoU, C. J. 45, 111). ' I 

])i*it^f*i.aiaido>beiLsene«aso>-tola6&e'azo> 
(^)*Baphthol (2) (I) (I) 

C,H,{NMa,)-N,-C,E,Me-N,~C,.n..01I. 

diazotised di'mcthyl-atnido-lirnzonO'a/O’ 
p-tolnidino and Ifl).naphthol (Wallach. .4. 234, 
•388). Red neouica (from chloroform), insol. 
water. 

Di-methyl-amido - bent ene -ato • toluene - ate - 
phenol ,3) (I) (4) I 

C.H,(NMe.J-N.-C,H,Mc-N,-C.H.OH.rifiO'’]. j 
From diacotised C.H,(NMe...)—N,—C,Il,McNIl, ' 
and phenol (Wallach, A. '234, 357). Oiangu 
needier 

(o). naphthalene - aio . pyrrol - (a) . ate . 
naphthalene C,.n,-N4-0,H,NH-N,-C„H„ 
0„H,.N4.C=CII 
probably jjlH I . 

C,.H,.N,.C=CH 

Formed by adding (a)-diazo-naphtbaleno chloride 
p mole.) to an alkaline solution of pyrrol (1 mol.). 
Metallio glistcning needles. Sol. alcohol with a 
dark yellowish-red colour. Dissolves in cone. 
HjSO, with a blue colour (0. Fischer a. Hepp, 

B. 19,2255). ^ 

(8)-Haphthalene-Bto-pyrrol-(fl)-aio-naphthsl- 
ene C.,H,-N,-0,H,Na-i4,_0,.H,. 
0„H,.N;.C=CH 

probably b'H | . (288°). Formed by 

• C,.n,.N,.C=CH 

adding (fl)-diazo-naphthalone chloride (2 mole.) 
to an alkaline solution of pyrrol (1 mol.). 
Olistening coppery pistes. SI. sol. alcohol 
The alcoholic solution is turned reddish-violet 
by cone. HOI. Dissolves in cone. H.;SO, with a 
blue colour (O. Fischer a. Hepp, B. 19, 2256). 

m-Xitro-beniene-p-ato-bentene • (a) - etc - (8). 
■aphthol N0,0,H,-N.-C.H,-N,—0„H,.On. 
[e.218°]. From diazotised NO,.C,H,.Nj.C,H,.NlI, 
i and (8)-naphthol. Small yield (Meldola, CfJ. 

.■ 48,113). Orange crystals with green lustre. 

V folntions in C,11,0, and in toluene are orange; 
in alooholio NnOH, violet; in cone. H,.SO, green, 
tamed blue on dilation. 

, m-Hitro>bensene-(a).aso-napbthalene.fa)'ato. 

‘ M-naphthol 

NOrOA—Nir^ifHg—N,—C,JHrOH. A dark 
^ amnpbons powder. Solutions in toluene, chloro- 
and glacial acetic acid are red; in cone. 

"O. dark indigo violet, becoming blue on 
in alooholio potash, gresnish-Uno 




. 

HOrCI,H,-N._0,.H^N,-d„^rOH. 
From "•-ni,bo-benaane-(a).aso.(c)Tnaidithy). 
amine by ^iazotieiug and treating with (81. 
naphthol (Meldola, C. J. 48, 118). Minute 
"™“*y needles (from toluene). Blackens ai 
24o . Insol alcohol or glacial acetic acid. Sobi- 
tions in chloroform and in butaniline are violet: 
in toluene red when hot, reddish-violet when 
®?*“! *'* sleoIioIio'KiiIl, blue; in cone. 
l^SOj, olive colour, on dilution, blue and then 
violet. 

m-nitro - benzene- (a) - azo - naphthalene - ass • 
merciaNO,O.H. N.4-C..H„~N.4-C,n.{OH)_ 
Bronzy powder, not very soluble. Solutions in 
boiling alcohol are reddish; in glacial acetio 
acid, toluene and chloroform, orangn; inaqueons 
or alooholio KOH, blue; in cone. H,SO„ green, 
C ^*45*110)*"""''**' °° dilution (Meldola, 

p- Nitro-beazene-azo-m-xylene-aso- (a)-nanh- 
thei NO^-CJI -N.,-C^l,Me,-N..- C,X.OH. 
preparation and properties are simitar to those 
of the preceding (8)-compouiid. 

Sulphnnic acid 

NO,C.H,-N,_O.H,Mo,-N 4 - 0 ,.H,(S 0 .II)(OH) 
biniilar to the corresponding {8)-ooiupound, but 
dyes reddish-brown. 

p - N itro - benzene - aso . IB . xylene - ato - 8. 
naphthol 

N04.0.n,-N,-0.n.Mo,-K,-0„H,OH.(378*]. 
From NO,.O.H.-N,-O.H,Mo,,N 1I, by diato- 
tming and treating with sodium (S) naphthol 
(Meldola, C, J. 43, 434). Green scales (from 
toluene). Scarcely soluble in alcohol or glacial 
acetic acid. Forma a crimson solution in boil- 
mg aniline or nitrobenzene, and a green solution 
in cone. H,SO„ turned violet by dilution. 
Snlphonic acid 

N0r0,H,.N4.C.H4Me,.N,.0,.H4(0H)S0,H, Ootby 
using 0,.H.i0H)S0.H. Dyes claret-rcd. 

p-Nitro-bouzone-azo-in-xylono-ato.phenol 
NO4.C4H1—Nj—CjH-Mej—Nj—O.H,.OH. Orange 
powdor,^ SI. 80I. alcohol and benzeno, v. lol. 
hot amline. Solutions aro orange. Solution in 
alooholio NsOH is reddish^violot. Solution in 
cono. H.;80. is blue (Meldola, 0. J. 43, 480), 
p»yitre-beBfCBe»aBO>m.xylene.agfl.fftsafriB 

NOe.OgH^—Na~C,II,(OIf),. • 
[231®].^ Brown powoof. Forms orange solution# 
in boiling alcohol, toluene, end glacial aeetitf 
ocid. Solution in alcoholic NaOIl is redp turned 
violet by excesg of NaOH. Cone. H^O, form# 
a blue solution (Meldq^, C. J. 43, 48S;V 
p-Oxy'bexii6ae-»>ato-beiizene*(a).asoe(a)v]|ap]u‘ 
thol C^zfOH)- 

From diazotjsed 7^ amido-bQnzene'azo-(<if^ 
naphthol and an alkaline solution of phenblf 
(MeldoUf C. J. 47, C<55), Dark amorphou 
powder. Its solution in cone. H^SO, is indigo* 
blue; in boiling toluene, orange; in olooboli 
red; in ROIlAq, dull red; and in idoohoU#i 
NaOH, deep claret colour. ' ' 


J. A-iuiu j/>auiiuu'U«ii£ena>azo (p^.nauBUoi-' 
by diazotising and mixing with an uuUat'^ 
lolution of phenol (Meldola, C. J. 47,686). Bd' 
warty ooncretions. Ite solution in cone. HgSOi ‘ 
is Unisb-green, and becomes violst on dilp5«w < 

«■! 
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It* Mislioa is Mliiig iolntse, SI boQing alaoM 
I* nd. It* lolatton In KOHAq it leddiw-Tiolai 

stShtliol 

formed by mixing diazoUaed jp-aniido*benzene* 
Mo-(o)*naphthol with a solution of resorcin in 
dilute NaOH (Mddola, C. J, 47* 665). Bronzy- 
groon powder; si. sol. toluene and acetic acid, 
forming a red solution. Its solution In KOllAq 
iiblue; its soliilinn*in NH,Aq is violet, it is 
decomposed by heat without fusion. 

m-Bi-oxy-benzene-j)-axo-benzeae*(o)axe(3)- 
napbtbol 

14:2:11 C,lI:(OU),-N,-C,n,--N,-C,A-0». 

From diazotised p.amido-benzenc-uzo-(^)-naph- 
thol and an alkaline solution of resorcin (Meldula, 
C. J. 47, 6rdl). Bronzy-green powder. Its solu¬ 
tion in cone. is deep bluish-green; in 

dilute aqueous alkalis, violet. SI. sol. toluene 
forming a retl solution. 

m-Oxy-bonxeQe-azobenzene*i>>aiopheziol 
[R;ll U().0„llr N,-C„Hr [Id]- 

Park jK)vv«ler. Easily soluble in alkalis. Formed 

by diazotising amifh) benzenii-wi azo-phennl 
(C,II,{OM)—Nj—Crtilj.Nn.,) and combining it 
with pht'iiol (Wallaoli a. Sidiul/.o, Ji. 15, HO'il). 

/)- 0 xy-beniflne-aio-beiizene- 2 >-azo-phenol 
[4:iJ N, C,Jl,.()ll 

[ 0 . 207'^j. From diaztdised umid()-b<’nzenc-j»- 
azo-i)hiuu>l and a solution of pltenol in dilute 
alkali (Meldola, C. /. 47, Amorphous 

brown powder. Its solution in cone. ILSO, is 
violet, unchanged on considerable dilution; v. 
•oi. NH,Aq ami K011A(| forming a red solution; 
insol. boiling toluene; forms an orange solution 
in hot phenol or aniline. 

m -1)1 • oxy -benieue - p - aio • benzene - aze - re- 
•oroln • 

t4:S:n(VI,(0nV-N, O.tl. M.-(’.11.(011). 

From diaz(di:ied p-amido-benzfjie nzo-resoroin 
and an alkalino solnlion of resorcin (Meldola, 
0. 47, tllil). Bull broiizc-like |>owder, v. si. 

sol. alcoiuii, insol. toluene. Its solutions in 
eODO. H,SO, and in alkalis are violet. 

Oxy - oarbozy • benzene -azo • boQxene-(a)'azo- 
O)n8phthol 

14) (3) (1) (p) 

CJf,(C(> H)(OH) • N; 0,.H, N:N C,,11.(011). 


fcdntloii (Ifoldcdo, 0/^ 

47, 664)* Ittmou powder; ▼« d. loL 
glacial HOAc, alcohol, asd tolaene, m. so), 
boiling aniline, forming a red solution. Ita 
solution in NaOHAq is blue, in cone. 
blue, turned violet on dilution. With Ao^O and 
NaOAo it forms on heating a di-acetyl 
derivative. 

(6)-0zy-(a)-iiaphthalene •p • azo -benseBe-(a)> 
8xo-f6)-naphthol 

(3) (*){i) (4X(») (e) 

C„H,(OH)-N:N-C,H,—N:N-C,oH,(OH). 
[over 275®]. From diazotised p-amid()-benzene« 
azo-(iB)-naphtboland an alkaline solution of (6)' 
naphthol (Meldola. C. J. 47, 664). Dull bronzy 
powder, or green needles (from hot aniline). 
Insol. boi’ing alcohol, or KaOHAq; sol. cold 
alcoholic NaOH, forming a violet solution. ^ SL 
sol. hot toluene forming a magenta soluUon. 
Cone. II,SO. forms a blue solution, tune^ 
violet on dilution. 

{a).Oxy-Baphthalen6-p-axo‘flf8nxene-axo-(6)» 

naphthol 

(«) («)n) (4)(.) (p) 

C,„n,(OIl)-N:N-C,H,—N:N-C„H,{OH). 
[250'-’J. From diazotised p-amido-benzene-azo* 
(a)-nAphthol and an alkaline solution of (6)- 
miphthol (Meldola, C./. 47, 666). Dull bronzy 
powder, v. si. sol. boiling alcohol; m. sol. boil¬ 
ing toluoiio and glacial acetic acid forming 
violet solutions; cone. K^SO. forms a blue solu¬ 
tion, becoming violet on dilution. 

(a) .Oxy-naphthalene-p-azo • benzene • aze-(^)< 
naputhol-di-iulphonio acid 

(«) (.PI) (4) ($) 

C„U,(OH)-N:y-C,TI.-N:N-0„ir.(S0,n),(0H). 
From diazotised p-amido*benzene-azo-fa)* 
naphthol and an alkaline solution of (^)-naphthol 
di-Hulphonio acid. Its sodium salt is violet and 
gelatinous; it is an indigo-bluo dye (Meldola* 
C. J. 47, 666). 

{$} • Oxy - naphthalene • azo - benzene - azo (/3) - 
naphthol di-eulphonio acid. Is similar to the 
last body, but of greater stability (M.). 

Oxy-di-snlphonaphthalene-axobenzeneaio- 
(i3) naphthol di-ialphonic acid 
0.„U.(S0,n),{0H)-N,-U.H.-N,-C,.lI.(S0,H),(0H). 
GliKtening greenish needles. Dyes w'ool and 
silk a deep indigo-blue, which, however, is very 
unstable to light. Is prepared by diazotising 



[above » ]. l-iom iliazotisod />-nmido-b<-nz- j inono-ooetvl derivative of p-phenylene-di- 

em*-azo-suhcyln' m i ’ ..-i.i . . •. . . .. 

of (iB)-nftphthol ( 
brown needles 

sol. boiling toluene, .....v.. .p« cv....v 

H^^46i^ts solution in cone. 11 >'0, is groenisJi- j diazotised, and again combined with (6)-naph- 

... I j)|,d.i|i.8uipjjooic acid (Niotzki.i). 17,344; 1850), 

I Fhenyl • amide - benzene y> - azo • benzeno-axo* 
I (13) naphthol 

1 • HO.C,„H,-N,-C,H,-N,-C.n,NHC,H,. 

I [204°J. From p-amido-benzeno-azo-di-phcnyl- 
I amine tfy diazotising and adding sodium {$)• 


blue, changing to vio!ot%n dilution. Its solu¬ 
tion in KOilA(( is rcddisli-violct. 

Oxy - cy mene • azo - tri • phenyl • methane - azo* 
thymol 

(e '3.4 ill 0,11 on) - N,- o.n.^ 

{«:3 «;i:(:.II.M.q'rU)n) 

(170®1. Fotnu’d by mixing diiiz»lised diamido- 
iri-phtnyl-mclham* hydroeliloritle with an alka- 
lino solution of tliyiuol (Miuzaru, tr. 15, 44). 
Amorphous black powder. After reduction and 
oxidation it gives Uiymoquinono. 

(a) - Oxy - naphthalene - p - azo • benzene - (a) - 
naphthol 

^ ,, (*) (•)(4> (Uu> («) 

C„H,(01I)-N:N-C,H.-N:N-C„R,(0H). 
Formed by diazoUsing p-ainido-benzene-azo- 
fa).finphthol and mixing the product with to 


naphthol (Meldola, C\ J. 43,442). Warty scale! 
with bronze lustre. SI. sol. boiling alcohol, v. 
sol. benzene. The solutions arc red. In glacial 
acetic acidsthe solution is red when hot, violet 
when cold. Solution in cono. II^SO^ is greenish- 
blue, solution in alcoholic KOH is red but 
turned blue by HCl (charaoUristio). 

Fhenyl - ethyl. i^do • benzene - aio-h«BsfM* 
ato-(3)-naphthol 







Vm M onmhhihtg witii 

•ihjl-U'plMajl-MaiiMt redaomg wttii Anuno- 
alum luphiae, diasotiimg the product and 
treating entb (iS) • naphtboL BroDsy powder. 
Bolutioiia in aleohoiio EOH, alcohol, and ben- 
aene an red; in cone. indigo-blue, turned 

br^{ht blue on diluting. HCl turns the alcoholic 
lolution blue (hfeldoia, C. J. 45, 111). 

p • Sulpho - beniene - azo - benzene - azo - (/3) - 
&apbtbol-(g)-siilphonie acid 

m n)n> ( 4 )(.) (a) <») 

O,H,(S0,H)-N :N-C,fT.-S:N-C„n,(B(5,HHoH >. 
From diazotised p-amido bcnzene-azo-Wiizene 
•ulphonio acid antf an ainnioniacal sulution of 
Bodlum (/3)-naphthol ' a'-sulphonio acid (Bnyer : 
a. Co., B. 15,1551). The sodium salt is a scarlvt' 
dn (crocelne soarlet). Cone. H,SO, forms a 
bine solution. The absorption spoctrum has i 
been studied by Hartley (C\ J. 51,195). 

p-Sulpho • benzene-ato benzene - azo - tolylene 
dianiine 

C,H,(SO,H)-V -C,H,-N,-C,II.(NH,.) .. K<’il. , 
dish'Drown microscopio needles. I'ormcd by 
combining diazo-lwnzene-aco-benzoiie.p-sul- 
pbonio acid with tolylcne-diauiiuo (Uriese, ii. 
16,2036). 

Sulpho -beniene-aio- di-pbenyl-diitoindole- 
uo-h«n»na salphonio acid 

C,1I,-N., -C.H,(SO.H) 


0„H„N,8j0, or 


C,U,C - CH 

nc - cc,H, 


C,H,-N,-OJ1*(SO,H) 
Formed by the action of diazo-bcnzcnc-sulphonio 
acid on di-phenyl-di-isoindole. Metallic gliffteii- 
ing brown scales. Very slightly soluble in all 
solvents. Byes silk and wool nearly the same 
shade as chrysoidino. On reduction it gives 
sulphanilic acid and di-aiiiido-di-plu-nyl di-iso- 
indoie. 

SaUi.-~A"Na,aq: yellow plates.—A"Ag,: 
red prisms (Mohlau, B. 15,24951. 

Sulpho • Mnzene-azo- sulpbo-oenzeoe-(a)'azo- 
(gl-napbtbol 

0A(S0.H)-N,-C^,{8O,H)-N,-C,Jl..O}I. 

^azo-suipho-benzeno-azo-bonzeno sul* 
phonic acid and an alkaline solution of (^)- 
oaphthol (Eietzki, B. 15, 800). The sodium salt 
is a red dye {Biebrxch scarlet). Gone. ILSO^ 
forms a green solution. Its absorption spectrum 
ha« been studied by Hartley (C. J. 51,194). 

Sulpho. benieue • aso-tulpho • benzene - {0) • 
ato^apb^yl^-tolyl'amine (* Wool-black ’) 
C,H«(SO,H).N,.C,H,(SO,H).N,.C,ANHC,Hf. 
The coml. product is a bronzy powder. V. sol. 
hot water vi^ a violet-blue colour. Bissolves 
io oono. H,S04 with a deep indigo-blue colour. 
Formed by combiostioo of diazotised amido- 
sulpho-benzene-azo-benzene-sulpbonic acid with 
p-tolyl • (3) - naphthylamine. By bailing with 
iDOdmteiy dilute n^SO^ it is decomposed into 
ti^a<(eA)-napbthazioe [IGO^] and amidoazo-benz- 
sse-^-anlphonic acid; 
qa<80.h>~v.-€A( so.h)~-k.-~c,A-^o,b;* 


Hit 0» and B« ailti hn iaiolnldt Uttk pni, 
(Witt, a. 20 , 679 ). 

p-TDlntnt-uo-m-ditmido-htBUiit.MO-M)* 
Btphthalnit 0,H,-N,-C,H,{NH,),-N,- 0„H,. 
Formed by the combination of p-diazo-toluent 
with (6)-naplithalene-a20-m-phcnyiotte-di&mint 
(Oriess, B. 16, 2031). Small ted glistening 
plates. V. sol. chloroform. 

p-Tolnensaso-cthyl-pyrroI-p-aso-toIaent 
C,H, - N,-C,H.NEt-N,-C,H„ 
6 .U,Mo.N..<J™CU 

probably ^IF.ll [180''). 

C.lI.Mo.Nj.O==Cll 

Formed by ethylation of tolucno-azo-pyrrol-azo* 
toluene; or by combining diu/.u - p • hiluene 
chloride (2 mol.) with etliyl-pyriol (I mol.) in 
alkaline solution. Steel-blue needles. SI. sol. 
alcohol (0. Fischer a. Ih'pp, li. 19, 2251). 

Toluene-azo>diozy>benzene-azo4olueno 
C,H,—N^~Cjr^(OH)^-N.;-C,lly. Bythottction 
of p-diazoiolueno ohloride on an alkiUine m)lu- 
tion of 7>-U>lucne-nzo-rcsoi'cin two isomeridi^s 
are formed which are sepuratud by their dif¬ 
ferent solubilities in alkalis. 

(al-Compotnid |2.5G'^]. Yollowfeltod needles# 
Sparingly soluble in alcohol and cold ohioroforiu. 

{B)-Compound (20:n- Brownish - black 
microscopic needles (Wulhich, B. 16, 2825). 

Toluene-azo-triozybenzene-azo'tolueno 

N,-CJl(0H),-N--0,II,Mc. liong 
red needles. Frepured by the acliuii of diazo- 
toluene nitrate un phlorogluoin (Wesolsky a. 
Bciicdikt. B. 12. 227). 

Toluene-ato-pyrrol-azo-toluene 
C,li,-X,~CJI,NH N,-c,ir„ 
CJl,Me.N,.C:=.CJI 

probably 1>1U| . [179'^). 

Formed b^^duing (2 mol«.) diazo-p-tolueno chlo* 
ride (o ail alkalino solution of pyrrol (1 mol.). 
Bed prisms with stcol-blue vellex. HI. sol, 
alcohol. Its alcolndic solution is turned reddish- 
violet by cone. IICI. BiKsolves in cone. II.8O4 
with a blue colour (0. Fischer a. iiepp, B. 19f 
225^. 

Tolaeue>o-uzo-tolueue-azO'(a)-napbthol 
(i) (I) ifi) ( 2 ) («) 

C,U4(CH,)-N,-CJJg{CH,)-N.,-C.,IJ,(OH), 
N_N-C„li.{OH) 

or C,H,(CH.)< j L . [m% 

- C,Hg(ClI,) 

Formed by combination of o-diuzo-azo-tolusno 
with (a).naphthol. Brownish-red iieedles (front 
anilino). bl. sol. ordinary solvents. Insol. 
a^piHous NaOll, sol. tlcohoHo NaOlt'lAiUj* a 
violet-red colour. By 8nCl, it is slowly reduced 
to amido-(a)-nnphthol and iolyl-azimido-toluenc 
CyM,:N,.C,H„ together w'tb small quantities of 
p-loluidino and tolylono-o-diamine (iSiucke a# 
taws..u. B. 20,1178). 

Toluene-o*ato-tola«n6-ato-()9)'&apbthol 
<n (1) 4») (2^ (P) 

C^4(CH,)-N,-0.II,(CH,)-N,-C,.H.(0H),(» 
X_N-C„U.(OU) 

i<( I . [177®J. Formod 

N-N-C,Hg(CH,) 
by combination of o-diazo-azo-toluene with 
(0)-napbUtol. Long dark-red four-sided prismsy 
with green reflez. V. sol. benzene; and ohloro* 
form, tl. sol. alcohol, acetone, and petroUum* 
spirit. Dissolves in idcohoUc KaOH oiuy sli^tly* 






t JflkteanM is _„ 

^^iyimldo-Masas Ci;BL:H,oA,log«ai« 
ttnul qoMitttlM of |)*toJaidmo and ioljlfnos 
o>ai 4 mioe (zlinoke a. Lawson, B. 1179). 
Telurat^io-tolaoaeafo-^'napbthol 

O) <3) (4) ^ij) 

E C.h.{ch,)-n,-c,ix.(ci(j-n,- c,.n.(oir). 

06 -’J. I'omiiifi by combination of ^^-diazo-azo- 
lueiie with (^).nuphlliol. Deep-red needles. 
V. sol. hot alcohol and benzeno. By SnCJ.. 
It IS easily reduced, giving (a).ttmido.(/3)-naph- 
tolylene • p - diamino 
{Zincke a. Luwboq, B. 20, 

Tolaene^).»,o. tolnene -izo-lfi) -naphthyl- 
. fl) l»l (2) (81 

.Bln.CJI.(aiU.N,CJI,(CII,).N'’.C,„n,,(Nll>r 

the correapundiiii? hyilrazmiido-loniiula. rii 03 “l 
Foriiic!.! bjr combination ol o diazo-tolucne-nzo. 
toluono with (fl) - niiiiblbylnmino. Dcop-n il 
gliateniiiK plaloa. V. eol. bonzeno and chloro¬ 
form. Jly SnCI, it ia rcdoceil to tolyl-azimido- 
tolucno and (probably) naphtliyb 

•ne-o-diumino (/incljc a. Lawson, B, 20 1180) 
420- COMPODUDS, TEBTIAEY. 

O*y-l> 8 n«ene-p-aao-benieae-(o)-a 20 -naphthal- 

eae-aao-pheaol r—oai 

„ lli'i’.ii, s. o.u.-.N, o.Ji. -V -0 ir nrr 

\ C,.,It..Nll, by dial^^liaing 
»nd addiiiK aodic ph. nalo (Meldola, C. J. it 

orango aointion/pth £^8 a^il'fnc’or JZc! 
(fiO),o,u,-N.-(’,ir._N.- 0 .jr.-v -0 u fon^ 

Brown iH»wder. Its Holiitions are dull rod’ in 
Formn'k'' r' -N.-0..n.-On. 

1 ^^ .'•‘““■•'dismg amido-bonzono-azo-(e)- 




bfSSSng 

ind ad^ Bodlnm ( 0 ).naphthof (itddoh,^. 


troatinKWith an alkalif;; Sin^ifO^S^phS™ 


(Meldula, C, v. *.> .» v/i 
«l«ra.ed by crystdili^'^^n 

"‘"''"icationa, „„„ romaininR in aolu- 
lurfro! “"‘'“'■"‘‘'’ 8 ^ ncedlca with green 

iaboilim/„K'i‘"r <'• ‘•‘'’•"'"J- Inaoluble 
hardly «cid, 

“I' ,of'-hi.™ or benzene. Forma 
Sob?tioI7' “Dihno or nitrobenzene 

■anh • hcMCM - (o) -aio. 

Sm in aLboIio koh'"*'^'* blue aolu- 
)Nsil with cone. hJso”’ *”'* “ ^''‘■ 


H0d)„ 

Prom 

43,’’ is9) “Smairg^^Tee'S;; 

Its solution in aniline is reddish-violet; iik 
zylene, violet; in hot alcoholic KOH, blniah- 
violet; incono-HjSq, greeniah-blue, becoming 
blue on dilutmn,. It is insoluble in alcohol 
m glacial acetic Mid. Ita aulphonio Mid dyes 
silk and wool dull violet. ™ 

Tri-oxy-tri-naphthaleits-hexa-aso-tri-phsnvl. 

diazotiBod para-rosanilmo and (a), or IB), nanh. 

solution (Meldola. C. /. 47 
bb8). Orange amorphous powders. Similar 

SZ f It’"'' rosaniliZ 

iJiey dye silk and wool oranse. 

AZO- COTION DTES. |ho azo- dye-stu«B. 
I obtained froni benzidine and its„ismologu« 
(Congo-red. benzopurpurine, aWtla^uriafc 
iZ Z™?’ benzazurine. Aef) havs 

6 special charaotenatio of dyeing cotton with- 

ttm en£”tZ?"‘' Pf‘>P®''‘y depends upon 

tho constitution ol the diphenyl molecule, tor 

^'phenyl basea) 
readily combines with the cotton librc.'^ This is 
easily shown by allowing cotton to soak tor 24 
hours m a cold solution ol benzidine hydro- 
‘'’® or<i>narytem- 
cnlH Z(' “'I *“sbing thoroughly with hot and 
old water ; il tho cotton thus mordanted with 
‘hrough a dilute solu- 
tion ol nitrous acid, and finally treated with a 
Mliition ol (a)-naphthyIamine.sulphonie acid it 
becomes dyed with Congo-red (MBhlau, £. 19 , 

Tetrazo-diphcnyl (diazotised benzidinel 
aZ coiiibination with (a)- 

aiid ( 8 )-raono-sulphome acids ol (fl)-naDhthoI 
or with the O di-snlphonio acid. I'he^B di- 
f® phonic acid (Na salt insoluble in spirit) 
however exhibits a very peculiar roMtion. One 
mol ol tetrazo-diphcnyl combines with one mol. ' 

krZ ® » dye-stuff which 

land. Iltwomols. ol the sulphonate are taken 
Olio mol remains in solution unused. Ilnow the 
PlKl. red colouring matter is heated with the 
mother liquor, tlie second mol. ol di-sulphonate ■ 
is taken up and a blue colouring matter is pro¬ 
duced. A similar rcMtion has been observed 
“““y “‘her di-amido- bodies (Sohultz, B. 

In pneral, the tetrazo- derivatives ol dinha. 
nyl, ditolyl, Ac. (obtained by diazotising bens- 
luine and its homologues) oan combine with 
either one or two molS. ol a phenol, a min. 
or 4neir aulphomo and carboxylic acids. Tha 
compounds with one mol, viz., 

tolerably stable, and sparingly soluble: by 
boiling with water or with alcohol the unooS : 
oiiie l diazo- group is replaced by OH or bv 
I’m.nZ' "' b^f-conjngatod diazo-com. 

jraunds roadiljr oombmo with a second mol 
of phenol oramine, so thatmixod azo- oampoandt 
can be thus obtained. The latter bodm art 
colounng-matteni of variout ihades. tad d 

i«ue“ w**®.‘ ’"‘•“out a mordant (Lang*. & 1 
W97: UarUus. B. 19, 17i6). 



two BMo. of ft pho^, ammo or rttqMKstho 
w tpb on to aoi 4 , or 006 mol. of oo 6 amioe or 
y^>o oo l aod 006 mol. of another, with the tetnio* 
oommond derived from di.7>-amido4i.pheojl- 
•thTlen eor its sulphonic acids, have the property 
^dyeing unmordantcd cotton from a soap-bath. 
The compound from (a)-naphtbol eulphouio acid 
dy^ cotton a bluish-violet, {d)-naphthol.R.di. 
sulphonic acid a blue, (a)-naphtbylanune>8ul. 
phonic acid a red salicylic acid a yellow, ttc. 
(^nder a. Schultz, R ly, 3234). The di-amido- 
denvativos of iluorcne also give colouring 
laatters which dye cotton. To the class of 
cotton colours also belongs the compound which 
has recently been introduced under the name 
of 'PrimuUue.’ This body dyes unmordanted 
cotton from an alkaline bath a greoniali yellow. 
It is an amido- compound and may be diazo- 
tised upo,., the fibre. By treatment of the 
cotton thus prepared with solutions of amuies 
or phenols, fast colours (red, orange, and brown) 
may be uroduced (Green, priy. com.), 

TBIAZOL. A name given to the hyno- 
UN-N 


I 

thetioal CjH.K, or HC CU 

(Bladin, B. 19,2598) {v. Piiknyl-methtl-truzol 
and ClANO-rilUNTL uutiiyl-thiazoi.). 

AZO>M£CORIC> ACETIC ACID v. Dioxy. 
tarhoxy-methyU^Wuilide • Azo-dioxy -phthalidc- 
acetic acid, _ 

AZO-DI-METHYL-HYDEOftDINONE t-. Di- 

Wy-henzcne-Azodiydri quinone, 

AZO-KAPHTHAIiEKE v. NuphthaUnC'AZO' 
naphthalene. 

TETEAZONES. Compounds of the form 
B,:N.N:N.N:1^ obtained by oxidising unsym> 
metrical di-alkylated hydrazines {q. v.). 

AZOKIDH BASES. Compounds of the form 
NH,.NB1VU"(0H) (Fischer). The name has been 
also applied by Witt {B. 20,1183) to compounds 
.NU'(Oll) 
of the form X"^ 

AZO-OFZANIC ACID is amido-hemipio anhy* 
dride, V. Hemu'Ic acid. 

AZOPHEKIKE [237°]. Is formed 

by the action of a variety of azo- and nitroso- 
compounds {e.g. benzeue-azo-aniliue, tolucne- 
uo4olaidine, phenyl-amido-benzcno-azo-bcnz 
lae, ohrysoidine, diphenyl-nitrosamine, nitroso 
U«methyl-aniline, Ac.) upon aniline (Khnich, B 
1^ 1026). The best method of preparation con 
lists in warming an acetic acid solution of ani 
lae with a nitroso- compound {e.g, nitrose-di 
neth^l-aniline) filtering ofi the crystals of azo 
ihenine, washing them with alcohol and re 
k^tallising from aniline or nitro-benzene. If 
he aniline is replaced by its homologues, the 
lomologues of azophenine are obtained. It 
orms unstable salts of violet colon*'. It cannot 
16 aeetylated. Cone. at 100° yields a 

ulnho&io acid crystallising in violet needles, 
rhioh form brown crystalline salts. By heat- 
Bg wiUi aniline byd^hloride it is converted 
pig indoline (o««.). By beating alone at 360° 
k |6 oOBfertM .iato aniline, a violet inter* 


soiuticmBofwhiohhafeabeautifalieaflooriioinM 
and a oharMterietio absorption speetrom. By 
reduction with SnCl« azopnenine yields aniline 
and a sparingly soluble hydrochloride of an 
unstable base. The latter, when set free by 
alkalis, rapidly absorbs oxygen from the air,aiM 
clioiiges into a new colourinft-mattor, the salts 
of wliich are indlgo-blue (Witt, B. 20, I58di 
Witt a. Thomas, C. J, 43,112). 

AZO-PHENYL ACETIC ACID v. Exo ear> 
boxy.tclnxnC’AZo-phenyl^etic acid. 

AZO-DIPHENYL BLUE v, iNm-Lis*. 

AZO-PHENYLENE, now called PincHAiniH 
(2* V-)* 

AZO-PHTKALIC ACID v, Di-carboxy* 
hcnzene-Azo-phthalic acid. 

AZO-PYEOMELLITIC ACID 0,N,(CO,H).. 

Tetra ^ethyl ether [134°]; gUf. 

telling red trimetrio tables; easily soluble in 
, alcohol, ether, and aoctio acid, insoluble in 
i water; suhlimablo. Formed by roduotion of ' 
di-nitro-mellitio ether with zinc-dust and aoetio > 
acid. It forms an unstable colourless hydro* 
chloride (Nef, B. 18. 280.5). 

AZ0-ES80EC1N v. llKsoncnr. 

AZ0*E£S0EI7F1N v. llBsoaonf. 

AZO'TOLUENE v. Tolue7ie-Azo-tolHene. 

AZO-TOLUIDINE v. Amido-toluenC'UXh 
toluidifie. * 

AZOXIMB. Amidoxims, ll.C(NOH).NH„ art 
jiroduced by the union of hydrozylamine with 
nitrilon; these react with acid chlorides, 
lV.CO.Cl,oranhydrides,(Il'CO)jO, with formation 
of alkoyl derivatives, ll.C(NO.CO.IV).NH„ which 
under suitable conditions (application of heat, 
or boiling^with water) split oil water and change 

intoszoiims The azoxim, 

are very volatile in the vapour of other liquids 
or in air; many of those boiling above 200° aft 
i volatile even in vapour of ether. They subUzM 
at the ordinary temperature of the air (Tiemans, 

B. 18, lOCO; 19,1475). 

Chloroformio ether acting upon bonzamid- 
oxim produces an azoxim which has the 
character of a lactam, 

Phony!-aoot-an(fCoxim, 

Fh CH3.C(NOH).Nir„ 

does not produceazoxims so readily as bens-afnid' 

, oxirn, I'h.C(N011).NH,, but phenyl-acryl-MUid* 

! oxim (cinnamidoxini), Fh.CH:CH.C(NOJI).NBL 
I produces them with great ease. 

yu-Amido->benzesyl-atozim*beBsenyl 

C. H.{NHJ.C<*'^O^C.r,H.. [14»°]. Fonnadlyl 
reduction of m nitro-bcnzenyl-azoxim-bensenyi 
with alcoholic ammonium sulphide. OrystaW 
Uses from alcohol or sublimes in long ne«U^ 

I y. sol. alcohol, ether, benzene, and ohiorolMliL 
; insol. ligroin and water. By nitrous acid 
I diazotised. 

Salts.very sparingly solttid6.-«> 
B',H .CljPtCL: sparingly soluble pp. 

, Benzoyl derivative 0,A0N,(NHBsI| 

I [218'^] : needles; sol. boiUng alcohol, etbsr, 

; benzene, insol. water and ligr^ 

I18.M781. ' 



AlBnCiUB. 


>«uml'MMdiii-baiaT> ^ 

OA.O<*y^O.C,H.- [!(«»]. (W). VoUUl* 

with itesm. Sublimei in long white noodles. 
V.D. (H-1) 113'3. V. sol. alcohol, ether, and 
j^nzone; v, si «ol. water. ^ 

Formation.—1. liy Iieating the benzoyl <leri. 
Tfttive of benZ'amIdoxirn - CgHyC(NH,):N.OJiz. 
S. By beating benz-amidoxim with benzoic acid, 
or with benzotriohloride. 

I^ctions.~'lt i8*an extremely stable sub¬ 
stance, being unattackod even by strong HNO, 
or Long boiling with tin and HCl 

reduces it to benzonitrile (Ticmann a. Kruger, 

B. 17, WH). 

Be&senyl-azozim-beQtenyl-O'Carbozyllc acid 

C. I1,.C<’^^“^C.O.U,.CO,,H. [ir>r]. Formed 

by melting together bonz-amiJoxim and jjhthalic 
anhydride. White glisloning lu-edlos. V. sol. 
alcohol, ether, and benzene, v. hI. boI. water 
and ligrom. 

Halts.-A'Ag: white crystalline pp.— 
A'-^aiatp plates or inioroseopio ncc<llea.— 
A'aCu: bluish-green pp.—A'PbOII: white 
granular pp. 

Flhyl ether.—A!VA: heavy yellow oil. 

C„ir.OH,.CONU.,: [IC0®J, mioro- 
fcopio needles (Hehulz, ]). 18, 2-1(13). 

BeDXonyI*axoxim*benzenyUm*carbozyUcacid 
C,B,-C<'lf>C.C.H..COA [218-]. Formed 
by heating benzamidoxiin wt-carboxyliu acid 
with BzCl (G. Muller, 1). ID. U'J7). White 
orystalline powder; sol. alcohol, insol. water. 
Be&ienyl-azozim-batenyl 

>0.0,11,. (2115’). Oily Iluid. Volo- 

tile with steam, yormed by the ueliona)! butyric 
anhydrble upoit beiiz-amidu.Yiin, or by elitni- 
Dating H.p (roin the butyryl deiivativo of tlie 
latter (Holmlz, U. 18, lOHr»). 
Benienyl-imidoxim-carbonyl 
CJI.N^O, i.c. C„nyC<;^ [J>CO and 

CgnyC-;^^j^^^^->C(OII). Ikn:e>njl.azoxim^carbi- 

not. [1D8 ]. CnrboniscH at about 300'^, Solu¬ 
ble in alcuhol, ether, ciilorofonu, benzene, and 
hot water, sparingly in coltUvuter. The aqueous 
nolution reads stnnigly acid to lituuis. It do- 
oomposos carbonates. Not attacked by PCl^ or 
by HCl. Foriitod by climidation of aicoliol 
from boi^euyl-amidoxim-carlK}nio ether or, 
direotly, by heating bonaonyl-amidoxim with 
ehloroiormio ether. 

Salts.—A'Ag: white pp.—A'.;Cu: green pp. 
Ethyl derivaftrs C,UjlitN,0.| [36']; 
soluble in alcohol, ether, dc., nearly insoluble 
In water; indiCforout body (Falck, B. 18, 2168; 
19,1181). 

Bsatenyl-azoximwetbsayl C,Il,NjO U. 
OA.O<^^">O.CII,. [dO]. (2«“). Formed by 
boiling beoxeuyl-amidoxim with acetic anhy¬ 
dride ^emaim a. Krttger, B, 17, 1696; 18, 
1059; iMhuU, B. 18,1081). Flat prisms. Fasily 
eolaiUe with steam. Sublimes at the ordinary 
temperature in white needles. Y. sol. aloohof, 
•HmsTj aad benzene, si. sol. water. 


(1W8°). OolooiJeM «fl. 
TOliitile wiUs steam. Formed by the action ol 
propionio anhydride upon henz - amidoxim 
(Schulz, B. 18,1086). 

BenzenyI-azoxim-propenyl-».oarI)OzyUe acid 
O.H.-C<’^];f’>C.CHj.CII,.CO,n. [120”]. Formed 

by fusing benz-amldoxim with succinio anhy* 
dride. White trimetric plates or prisms. V. 
sol. alcohol, ether, hot water and benzene, insoL 
ligroin. It is not decomposed by warming with 
II.,SO,. 

Salts. — A'Ag: white crystalline pp. — 
A^Ca3,',aq: long glistening soluble needles.—* 
A'.]Baaq: short pri.sms, or monoolinic crystals. 
— A'.,Cu t bluish-green granular powder. — 
ATbOH: granular pp. 

Ethyl ether A'Ki: (255®), yellowish oil, ^ 
Amide C,pILON.,.CONIIj; [168^, slender 
needles (Schulz, D. 18,2159). ^ 

tn-Carbozy-benzenyl-azozlmbenzenyl 

C.H,(CO,U).0.^^®>O.C,H5. [218’]. Formed 

by heating benzamidoxiin-nt-carboxylio acid with 
benzoyl chloride. Whito crystalline powder. 
Soluble in aootic acid, alcohol, and other, insolu* 
ble in water and benzene. The aqueous solution 
of the ammonium salt gives pps. with AgNO, and 
CuSO, (Miiller, B. 19, 1407). 

w-Carboxy-bcnzenyl-azoxim-ethenyl 

Oja,(CO,,H).C.^*^^“^C.CH,. [317’]. Formed 

by heating benzamidoxim-m-carboxylic acid 
with acetic anhydride. White crystalline pow¬ 
der. Sol. alcohul and ether, kL sol. water and 
benzene. The aqueous solution of the ammo* 
tiium salt gives ppg. with AgNO„ CuSO,, 
l‘b(OAc)„ and ZiiSO, (Muller, Ji. 19.1496). 
p-Carbozybenzenylazozim-ethenyl 
C,.H,N,.0, i.e. C.U,(CO,n).C<''^‘^>O.OH,. 

[218^J. formed by boiling benzamidoxim-p* 
rjirboxylio acid with acetic anhydride. Crystal¬ 
line sulid. Soluble in hut water and alcohol, 
more sparingly in ether and chloroform. The 
dilute solution of the ammonium salt gives 
pps. with AgNO„ Pb{OAc). and CuSO. (MUllcr, 

B. 19,1192), 

nt - Carbozy • beazenyl- azoxim • propenyl • •• 
barboxylio acid 

C, lI,(CO?U).C<^^j^°^C.CU..CH..COJI. [2IS’]. 

Formed by heating bonzamidoxim-m-carboxylio 
acid with succinio anhydride. Needles. Hoi. 
hot water, v. sol. aicoliol and ether, si. soL 
chlorofonn, insol. benzene. The aqueous sola- 
tioit of the ammonium salt gives sparingly 
soluble pps. with AgNO^ CuSO„ and Pb(OAo)« 
(MUllcr, R 19.1496). 

p - Carboxy. benienyl • azoxim • propeayl • 
carboxylic acid 

C.n.(COA.C<*'^®>O.CH,.CH,.CO,H. Formrf 

by heating benzamidoxim-p-oarboxylio acid 
with an excess of succinio anhydride. SoL 
alcohol, si. soL water, v. si. sol. ether, iosoL 
benzene and chloroform. Carbonises at a bigh 
temperature without melting. The dilute aqueoui 
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titt uamoiolt^ iaii givM yiiofoUi 
Mi. with GnSO^uid Pb(OAo)„pps. soIaUe ia 
hoi water with ZnSO. and AgNu. (Mulier, B* 19, 
149«}. 

Zthe&yl-atozim>benEenyl 

[57^]. Long white 

needles. Begins to sublime at 70^-80^ Easily 
volatile with steam. V. sol. alcohol, ether, and 
benzene, si. sol. hot water, inso). cold water and 
Ugroin. Formed by heating ethenyl-umidoxim 
hydrochloride with benzoyl ciiloiide tXurdiiiann, 

B. 17, 2754). 

m-Nitro-benzenyl-azozim-benrenyl 
O.H,(NO,),C<^''^“^C.CJIj. flOO^J. Formed by 

the action of benzoyl chloride upon w-nitro- 
benz«amidoxiin C,H4(X()J.G(NH.,,);N()H(Scho{>iT, 
£.18,1007). White needles. Sublimable. Sol. alco¬ 
hol, ether, and benzene, insol. water and Hgroni. 
m-Nitro-Vv‘i.' enyl -azozim-ethenyl 

C. H.(NOJ.C <^^*^>0.011,. [lO'J'’]. Wliito 

needlos. Sublimable, l^ormcd by the action of 
acetic anhydride upon m-iiitro-benz-amido\im 
O.H.(KO,).C(NH,):NOU (Schr.pfT, D. 18, 1000). 

m-Ozy-beazeayl-azozim-benzenyl 
O.H,(OH).C<^j;,‘^>C.C.H,. [lf.:r]. Fomipdliy 

dlazotising w-amido-benzonyl-azoxim-benzcmyl 
and beating the aqueou!^ solution. Y(dIow 
needles. Sublimable. Sol. alcohol, ether, and 
benzene, scarcely sol. water, insol. ligr<nn. 

Ethyl c//rer C„H,ON*(OKt): [71°); fine 
felted crystals; soluble in alcohol (Schopff, li. 
18, 2475). 

Pbesyl-aUeayl-azoxim-benzenyl 
C.!I..CH:CH.C<'y^>C.O.H,. [102“]. China- 

9nenyl-a20xim-hcnzcnyl. Formed by elimination 
of H,0 from the benzoyl derivative of plicnyl- 
acryl-amidoxim by healing it above its melting- 
point or by boiling it with water (Wolff, Jl. ID, 
1509). Very slender while needles. V. sol. 
aloohol, ether, chloroform, and benzene, v. si. 
sol. oold water. Sparingly volatile with steam. 

Phenyl-allenyl-azozim-ethenyl 
C,H,.CH:CII.C<^jf >C.CH.. [78“]. Sublimable. 

Colourless crystals. Formed by healing jdmnyl- 
acryl-amidoxim with acetio anhydride (IVuiiT, it. 
19,1509). 

Fhesyl. allenyl • asoiim - propenyl. w - car- 
bozylio acid 

O.H..CH;CH.C<^j,°>P.CH,.CH,.CO,H. [Ill ]. 

Formed by beating phenyl-acryl-amidoxim Y*lh 
euocinio anhydride ^Wolff, B. 19, 1511). Long 
white glistening prisms. Sol. alcohol, ether, 
benzene, and hot water, si. sol. ligroio.—A'Ag: 
white powder. 

Fhenyl-ethenyl-tsozim'bettzenyl 
O.H,.CH,.C^*y^^C.C,H,. [82“]. ’ Formed by 

boiling the benzoyl derivative of phenyl ocet- 
atnldoxim with water for a long time (Knudsen, 
B. 18, 1070). Wbito needles. Volatile with 
ateaa. V. tot ^eobol, ether, lod benzene, 
Satid. water. 


iniMrl-etitiul-tnxia^tltaayl 
O.H,.OHrCI<*Jf>C.OH,. (aOS"). Oa. Volatih 
with steam. Formed by boiling the acetyl 
derivative of pbenyl-acet-ainidoxim with water 
for a long time (Knudsen, B. 18,1070). 

Phenyl - etheayl • asozim • propenyl • w 
carboxylic acid ^ 

C.H,.CHj.C<^^%C.Cn..CU..CO.H. [00“]. 

Formed by fusing togr-(hcr^>)u'nyl'aoct amidoxim 
C„H;..Cll..C(Nll):N011 and succinic aiilivdride. 
I’rismalic plate.^. V. sol. alcohol and ether, ah 
Kol. cold, Mater, in. sol. hot. It is a strong acid. 

Salta. -.VAg: M-hito pp.-A',Cu: bluish 
green pp. (Knudsen, Ji. 18, 2188). 

Pheuyl-oxy-ethenyl-azoxlm-ethenyl 

C.H..CU(011).C<^j^‘^>C.CH,. [OoO). Formed 

by heating the acetyl derivative of phenyl-oxy- 
a<‘ct-amidoxim C„lI,.CJI(l)ll).C(NII...).N(.h\o with 
water for some timu. Tran.spiirent needles. 
Distils undccom})Osed, and is volatile with 
steam. V. sol. alcohol, ether, and benzene, si. 
sol. cold Mater. 

Acetyl derivative 

C.H,.CH(OAo).Cs(^i^‘’>C.Cir,. [62 ’); fine white 
needles; volatilo with steam; sol. alcohol, 
ether, and hot water, nearly inaol. cold water 
(dross, B. 18.1070). 

P'Toluenyl'OZQxim.benzenyl he. 

C„H,Mo.C<^j;°>C.C.lI.. [10;t“). Feirmod by 

heating tho benzoyl derivutivo of p-tola* 
umidoxim, 11.^0 being split olT (Sidiubart, B, 
10, 1490). liong slender wliite neeillcs. V. sol, 
ether, benzene, and clilorofurm, h1. sol. Irot 
water, inaol. cold. 

AZ0X1NE8.' Compounds whose molecular 
formulffl may be written X''<^^*^^y",8uch ii 

Phenazoxine OJl4<^^J^]>C..lJ4 and 
Naphthaeoxine 

Tliey may be formed:—(1) By heating aro« 
matic imido-sulphidos with copper oxides 

c,.u.<^g“>o,.n.+cuo- 

C..«.<’^">C..W. + CuSi 
(2) By heating o-amido-phcnols with o-dKoxy* 
compounds; 

C.H.<^“>C.U,t 211,0 

(Bernthsen, B. 20,942). 

A20XT- COMFOUMBS, compounds whoii 
molecular formula may be represented bp 


X 


X—N—N—X. They are formed by treating 
iiitrow compounds with alcoholic potaidi or 
sodium amalgam. They may be^ reduced to: 
hydrazo* compounds, X—Nil—NU—X| and 
finally to two molecules of an amine, X'-^NE^ 
The products of nitration of azoxy- eompooimf. 

0 


are often ussymznetrical, X> 


-Y. 
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ilf 

0A(c8o)(ci'il).N ®H.O,H,{OyO){Coi). 

'^0'' ^ , 
pnnod by reduction of nitro-|>'ftldehydo*benzoic 
wild with aqueous KCN. C^ilourlesB needles. 

V. sol. other, alcohol, and chloroform, si. sol. 
lilproYn, nearly insol. water. Decomposes at 
•bout 280®. It gives, the ordinary reactions of 
•n aldehyde. 

}*henyl hydratide: small golden yellow 
prisms (Homolka a. Lfiw, D. 19,1090). 
o.Amido*bensene-o-azozy>aniUn6 
Di-bemoyl derivative 
<0,H,NlJBz),N,0. [195®]. Prepared by acting 
on bon7.<>yl.o-nitranilido dissolyod in alcohol 
with zinc-dust and adding ammonia and pla- 
tinio ehlucide. Bright yellow mass, insol. water, 
•1. so), boiling alcohol (Mixtcr, Am. 0,2G). 
fn<Ainido*bensene'rn*a20xy>aniline [o. 272°}. 
JJi-ben»oyl derivative. — Prepared by 
dissolving rn-nitro-bcnzaniUdo in boiling alcohol 
and adding ulcoholio ammonia and powdered 
aino together with a trace of platinum. Very 
light powder with puto yellow colour. Insol. 
alcohol, other, and l^nzcno (Mixtor, Am. 5, o). 

v*Aniido<benies6*p«szoiy-aniline 
(CJ1,NU,)N,0. (182®-181®}. Prepared by the 
action of ixilassio ethvlato on its diacotyl de¬ 
rivative. Hoi. alcohol, giving a red solution. 
Bl. sol. boiling water, from which it separates on 
cooling as a fibrous yellow mass (Mixtor, Am. 5, 4). 

I)i-acetyl derivative (CJI^NHAcjjNjO 
[27D®-278®J. Prepared by tho action of pow¬ 
dered zinc and ammonia on p-nitro-aootaniUde 
in alcoholic solution, llair-like particles with 
light goldon-yollow colour. SI. sol. boiling 
alcohol. * 

Vi-beneoyl derivative 
(C,H,.NHBz),N,. 0. [210°]. Prepared by the 
action of zinc and ammonia on ;>-nitro-benz- 
anilide. Light yellow colour. Insol. alcohol 
and water (Mixter, Am. 5, 284). 

o-Amido-toluene-azoxy-o-toluidlne 
[1:2:4] C,lI,Mo{NII,).N,O.C,H,Me(NH,) [4:1:2] 
AMOxy-odoluidine. [108'’]. Froiiinitro-o-toluidine 
in alcoholic solutiun by sodium amalgam (Lim- 
prioht, JJ. 18,1405; Oraeff, A. 229,344). tog 
orange silky lUK'dlos (fron/%loohol), or yellow 
Medics [from water). V. sol. alcohol, si. sol.; 
water. Convert<’d by cone. H.SO„ bv molecular 
ehango, into amido-toluene-azo-amido-orosol. 
Salts*- iaq: needles.—B"2HCL— 

p-Amido.tcIaene-atoz7-p.tclaidiae 
[1:4:9] 0,II,Mo(NH,).N,O.C,H,Me(NH,) [2:1:4). 
[148°), Yellow needles. Sol. alcohol and hot 
water. Prepared by tho action of sodium 
amalgam on an alcoholic solution of nitro- 
p-toluidlue. — ir(UCl)^: si. sol. water.— 
B'Ttt,01,PlCl. (Buckney, B. 11,1451). 

Dewfot/l (fcriraficc 

CAMc(NHBz).N,O.C,H,Mo(NHBz). [290®]. 

C,lljMo(NUBz)(NO,) [1:4:2] oy treatment 
With tine and ammonia (Mixter, Am. 6, 285). 
wght yellow substance, insol. water and aloohoL 
BeaaeB«.p.ssoxy-anUiae 
aH,(NHJ.N,O.CA- [IW*]* 8. 4-27 at 21®. 
Voased, together with benaene-aao-aniline, by 


gfljfeili '*iir amwiMiBil' 
aledsdio Kdattn id 

ana (0. Schmidt, A. 122, 174; Z. [2] ^ 41^ 
Large pale-yellow tables (from dilute aloohoi), 

Bl. sol. hot water, v. sol. alcohol and ether. 
Deduced by tin and HCl to aniline and jp- 
phenylene-diamine. ^ 

Salts.—B'HGl: silvery lamins, saponified 
by water.—B'jHjPlCl*. 

Benaene-asozy-bensene O^HfNgO.OaH,. MoL 
w. 198. [86®]. 8. (alcohol) 17-6 at 16®. 

Formation.—!, ^om nitro-bonzene by the 
action of alcoholic KOH (Zinin, /. pr. 86, 98; 
Kasenack, B. 5, 864 ; Schmidt a. Sohul^, A» 
207,328: Wilsing, A. 215,228), or sodium-amal¬ 
gam (Alexejeff, J. 1664, 525; fifoltchanoffsky, 

J. B. 1882,850).—2. From aniline by oxidising 
with KMdO, (Glaser, 2. [2] 2, 808).-8. Prom 
benzene-azo-benzene by oxidising with CrO« 
(Petriefl, B. 6,577). 

Prrjwrato.—1. Byreducin^nitro-benzenein 
alcoholic solution by means of somum-amalgam. 
The yield is 87 po. of the theoretical (Mol- 
tclmnoffsky, J. B. 1882, 224; Bl. [2] 38, 561).— 

2. By boiling nltro-benzene with sodium metnyl- 
ate, prepared from methyl alcohol (250g.) and 
sodium (10 g.), the reaction being as follows: 
4PhNOa + 3CH,ONa=- 
2phjN,0 + SHCOaNa + 8H,0 
(Klinger. B. 16,806). 

Properties. —Pale yellow trimetrio needles; 
insol. water, sol. alcohol, and ether. Small 
quantities may bo volatilis^ with steam. 

BeactUms.—l. When mixed with neutral 
substances {e.g. KaCl) and distilled it gives 
aniline, azo-benzeno, and other products.— 

2. i4mmontum sulphide has hardly any action 
upon it in the cold, but on warming it reduces it 
to hydrazo-bonzeno.—8. SnCl, and HCl reduce 
it to aniline, very little benzidine being formed 
(Schmidt a. Schultz, B. 12, 484).—4. Warm 
cone. HmSO. converts it into benzene-n-azo* 
phenol (Wallaoh a. Belli, B. 13,525).—5. Aniline 
hydrochloi'ide at 230® gives violaniline (v. 
Dccheud a.Wichclhau8, B. 8,1C14).—C.iKpf^enyl- 
amine hydrochloride heated with it gives tri- 
phenyl-violanilino (Girard a. Caventou, B. 12, 
290).—7. Cone. HBr at 250® gives di-bromo- 
aniline (Sendzink, Z, [2] 6, 266); HI gives 
benzidine.—8. PBr, gives yellow crystals of 
which are converted by aqueous 
AgNO, into bonzeno-azo-benzeno (Werigo, 2. [2] 

0, 987}.—9. PClt added to an ethereal solution 
gives benzene-azo-benzene (Werigo, A. 165,202). 

10. Sodium amalgam gives hydrazo-benzene.— 

11. Sulphurous forms benzidine sulphate.— 

12. Nitric acid forms thrpe benzene-azoxy-nitro- 
benzencs {q.v.) and also a tri-nitro-derivativa 
C,,H,(NO,),K,0, [162®] (O. Schmidt, 2. [2] 5, 
42*1). This is converted by CrO« mixed ^th 
cone. HND, at 200° into 0,^,(NO^,N,O^ [102®], 
and C,JS,(NO,),N,0„ [62^] (Petriefl, B. 6, 658). 

Beniene-uozy-bexuaBe-m-sulphonle acid 
O,E,.N,O.0,H,(SO,H). C60®-70®]. Very deU. 
quescent re^sh-brown tables. Formed as a by« 
product in the oxidation of m-amido-bensena> 
snlpbonio acid by KMnO..—RA'aq: longsolal^ 
tables (Limprioht, B. 16,1420). 

Beaseae-aioxy-bcnsene-p>nlp1m8ia aald 
0,H,.N,O.O«H,(SO«H}. [below 100®}. Bed 
T. soL water. Formed aa a by-piod««t lia JItf;■ 
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0^..K,O«O«HyBr(SO,]^. Formed fts a by¬ 
product of the oxidation of bromo*amido>benz« 
ene-wlpbonio acid G,n,Br(NUJ(SO,H) [4:3:11 
with EMnO«.—'KA'2aq: smaU red six-sided 
tables (Linipricbt, B. 18, 1423). V. sol. water 
and alcohol. 

Benxene-p-atoxj-oitra-beiiBene 
C^j.N,O.C,U*NO, [1:4], [153®]. Formed together 
witii the following body by the action of ilNO, 
(S.G. 1'45) on benzene-azoxy-benzene (Zinin, ^1. 
114, 218). Ilair-liko yellow ncedle.s. Iteducod 
by alcoholic ammonium sulphide to bcnzeue-|)- 
azoxy .aniline. 

^nzene-azoxy-nitro-benzene 
C4Hj.NjO.CsH,.NO,. [19^]. Needles or prisms; 
prepared as above. Alcoholic ammonium sul¬ 
phide forms a compound C,.;II,N,Ol?) [85'^J. 

Benzene-asv<:y-iutro-benzeiie 
C„Hj.N,O.CJl.(NO,) (1:2J. [127®]. Forn>^'d by 
abiding fuming UNO, (25 30o.c.) to a solution 
of beiizene-azo benzeuu (20 g.) in glacial acetic ! 
acid (100 c.c.) at 75°. lied rhombic plates. Sol, j 
alcohol, ether, and acetone. Alcoholic KOII , 
gives an emorald-grecn colouration; by long : 
boiling or by treatment with Bodium-anmlgajii 
it is reduced to a compound C,,H„N,0 (Janovsky 
a. Erb, B. 20, 301). 

Benzoic o-azoxy-benzoie acid 
[2:1] C,H,(CO.Ii)~N.O -C,H,(CO,n). [1:2]. 

Wol.w. 2Sl». [237'-212°]. 

Formation. —1. By the action of KCN on o- 
nitro-benzaldchydo (lioinolka, B. 17, 1902).— 
2. From o-nitro-beuzoic acid by treatment with 
sodium-amalgam or alcoholic KOH ((iricss, B. 7, 
1011).—3. Together witho-nitro-tolueuo by boil¬ 
ing o-iiitro-benzyl alcohol with aqueous KOll 
(Jaffi.2.57), 

i°ro2)crfics.“SmaU colourless prisms; m. 
sol. hot alcohol, si. st)!. cllier and boiling water. 
Beducod by sodiura-ntn.'ilg.am to carboxy-benz- 
ene-azo-benzuic acid, and linally to hydruzo- 
benzoic acid. 

Salt.—BaA"liWi. 

Benzoic m-azoxy-benzolc acid 
[8:1] CJI,(CO,lI).N,O.C4H4(CO,TI) [1:3]. Formed 
by boiling m-nitro-benzoic acid with alcoholic 
KOH (Griess, A. 131, 92). Minute needles or 
plates. lusol, water, si, sol. alcohol and ether.’ 
Beduced by tin and HCl to di-amido-dipbenic 
Mid. 

Biasoxy-benzoic acid 

C,H,N,0, or CO,H.q.II,<^^,\o [ 1 J] (?). 

Fonnod by reducing di-nilro-beuzoio acid dis- 
•olved in NaOHAq with aodium-amaigam (V. 
Uejer a. Michler, B. C, 740; MieWier, B. 7, 
dSO; A. 175,160). An amorphoua black powder, 
inaol. alcohol, ether, benzene, ebtorotorm, and 

S laoial acetic acid. Bedueed by tin and HOI to 
iamido.benzoio acid. UNO,givea an amorphoua 
nitro- derivative. 

Salta.-AgA': black pp. aol. NH,Aq.— 
.;BaA',: black pp.—ZnA',: browniah-black pp. 

An laoBurie acid, reacmbling the above, is 
^ygaiMd (1, 3, 4)4i-nitro-benzoio aeid. It 
i it.tHt sttMlnd by tin and HOh 
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m-Diomo-iutro-bMisad km luocdidlio KOB 
(Gabriel, J9.9, )405). Bright yellow prisms; f, 
si. sol. alcohol. 

p-Bromo-bestens-n-asozy-brome-bsaisat 

[4:1] C,U,Br.N,O.C4H,Br [1:4], [172°] (Hof¬ 

mann a. Geyger, B. 5, 919); {175°] (WeriM, 
A. 165, 198). From p-bramo-mtro-bengene 07 
treatment witli alcoholic KOH or sodium-amaU 
gam. Yellow leaflets, v. sbl. hot alcohol. Kitrio 
acid forms a tri-nitro> derivative [174°]. 

Brofflo • beniens - aiozy • bromo • bensene sol* 
phonic aeid 

CjH,Br.N,0.C4H,Br(S0,n). Formed as a by- 
product of the oxidation of di-bromo-amido* 
beuzene sulphonio acid CjU,Br,(NU..)(SO,H) 
[1:3:0:4] by KMnO*.—KA'2aq: very small yellow 
scales (Limpriohl, B. 18,1425). 

m-Chloro.benzend-m-uoxy-ehloro-bensess 
[3:11 C.H,C1.N,0.C4U,C1 [1:3]. [97°]. Formed 
by boiling m-chloro-nitro-benzeno witli alcoholio 
KOH (Laubenheimor a. Winthor, B. 8,1023). 
Yellowish-brown flat needles. V. el. so), aloobri. 
Treated with fuming }I,80, it is chiefly con. 
verted into m-chloro-benzene-azo-ohloro-phanol, 
only a very small quantity of m-ohloro-bonzeos* 
azo chloro-benzene being formed (Schults, A 
17, 464). 

p-Chloro-benzene-azoxy-cbloro-beszens 
[4:1J C,H,CI.NjO.O,H,Cl 11:4]. [165°]. From 

p chloro-nitro-bonzcno by trialmont with aloo- 
holio KOH (lleumann, il.5.910; cf. Willgorodt, 

Ji 15, 1002), sodiuin amalgam (Aioxejeff, B. - 
1866,269), or (in ethereal solution) with sodium 
(Hofmann a. Geyger, B. 5, 916). I'ulo yellow 
needles, si. sol. cold alcoltol Treated wiU) 
fuming ILSOqit is chiefly converted intop-ohloro- 
bcnzciie-iyiSO'Chloto-benzeno only farming traces 
of a chlorinated benzene-azo-phenol (Schultz, B, 
17, 461). 

Bi-ehloro-benzeneazoxy-di-ohloro-benzens 
[.3:5:l]C„IfjCl.,.NjO.C4ngCh[l:3:5j. [172°]. From 
(3,5,l).di-chIoro*Ditro-benzone and alcobolto 
KHS (Beilstcin a. Kurbatow, A. 197, 84). 

Bi-ohioro-bonzene-azoxy-di-chloro-bensea# 
[2:5:ljC,H,Clj.N,O.C.IljClj[l:2:5J. fll2°J, From 
n-di-chloro-nitro-benzeiio and alcoholic KOH 
(Laubcu)ieinier, B. 7, 1600 ; 8, 1623). SmaU 
bright yellow needles. 

v.Chloro-benzeAazoxy-ohIoro-&itro-bsBistt 
[4:1] C.H4CJ.N,0.C,H,CJ(N04) [1:4:?). [184°J. 

From p-chIorO'benzene-|i-azoxy-chloro-bensoBS 
and HNO, (Heumann, D. 5. 912; 18, U85K 
Bright yellow flocciUent substance. •V, si. 
boiling alcohol; recced by alcoholio amm<^>. 
nium sulphide to p-chloro-benzonO'azo-chl(m* | 
nitro-beuzene. ; * 'f; 

Chloro-toluene-asoxy -ehloro-toloeas 
[6:3:1] C.lIaMeCl.N,O.C,H,MeCl [1:6:8]. n281 , 
Formed by the action of Na on an ethereu ;^ 
solution of chloro-nitro-toluene (Hofmann tk 
Geyger, B. 5, 919). Smalt needles. 

m-lodo-b^ese-m-aioxydodo-benssBS - 
[8:l]C4U4l.N,O.C4nAl[l:8]. From w-iodo-nltlp. ' 
benzene and alcohoUo KOU (Gabriel, S, 9,1408]k 
Flat yellow needles; si. sol. cold alcohed. 

p.lode-b«azette.».asoxy-i0do-beiueas ^ 

f4:lj CAI-N,0 .oAU 1:4]. [200°]. Fmm>^ 
lodo - nitro - l^nzene and alooboUo KOH (C^ 
Light yellow plates or scales. SI. anl.KAAktAAhAS 





tBlUM [4:1] OflJSV»rVAOfim^ 0:4]. 
Fran e^aitKMO'di'inethyl'asilina tna aloohouo 
KOH (Sohraube, B. 8,619). Glittering brown 
firyitala j sL sol. water, m. sol. hot alcohol and 
benzene. The salts are decomposed bj water. 
—B'^PtCl.aq. 

m-liltro-Wzeiie.m'azoxynitro-benseae 
:8:1] C.H,(N0,).N,0.C,1I.(N0J. [1:3] [142®]. 

iVe^rah'on.—A solution of 2 or 3 pts. of 
n*di'nitrobenzeno in* about 16 pts. of methyl 
ilcohol is mixed with a solution of sodium 
uethylato prepared by dissolving 1 pt. of sodium 
m 20 pts. of methyl alcohol. A vigorous reac¬ 
tion sets in, which is completed by 48 hrs. 
oohobation; largo yield. Ijong needles. V. sol. 
benzene, m. sol. other and CS;,, v. si. sol. cold 
alcohol By heating to about 140® with strong 
HgBO^ it is converted into the isomeric di-nitro- 
oxy-azo-bonzono C,H,(N0,).N*.CJI,(N0J(01I) 
(Kiingor a. ritsohku, fJ. 18, 265!). 

p.Nltro.dipheayl-p-azoxy-nitro-diphenyl 
C.H,(NO,).C,H,.N,O.C,U,.C,Il,NO,..[225*^1. From 
|)-di-nitro-dip)ienyl by acting on its alcohoHo 
solution with sodiuin-atnalgam (Wald, B. 10, 
137). Briek-rud crystalline powder; forms a 
rod solution in cone. il.SOf. Insol. moat 
solvents. Itoduccd by alcoholic ammonium 
sulphide to benzidine. 

Kltro-oxy>beQzene*aiozy'di-nitro*phenol 
Diethyl ether 

aH,(NO,)(()Kt).N,O.CJI,{NO,)jOEt. [168®]. 
From UNO, and the diethyl ether of p-uxy-bea- 
lono-p-azo-phenol: the product is exhausted 
with water, and tlicn treated with alcohol On 
cooling, the alcohol deposits the body iu long 
yellow needles grouped in stars. Sol ether, 
CUC1|, C.II, and glacial acetic acid (Andreae, 
/.pr.m, 337). , 

An isomeric boihj. [187®]. This forms the 

S roator part of the product of tho nitration, and 
I loft nndissolvcd when tho former body ia 
extraclctl with alcohol It is crystallised from 
aoetio other, in which it is very soluble. 
o-Oxy«be&s 0 Bo-o*axozy-pheaol 
CJf,(()ll).N,().C,H,.OH. 

. Xihyl ether 10.a.(0Ul)|,N,0. Aea.ry- 
phemtol. [102®]. By rotluoing a cold (0®) solu¬ 
tion of o-nitro-plienelol (1 pt.) in ulcolud (7 pts.) 
by adding sodium ainsigam; on adding woter a 
pp. is got; this is freed fiFin azo-phenctol by 
washing with strong HOI as long as tho latter 
ia coloured (Nchmilt a. Mohlau, J. pr. 120, 2tll). 

fVoiwfit'j.-Colourless tricHnic plates. In 
•olublo ii. waior, but melts iu boiling water. 
Slightlv aolublo in cold ale'tdiol, insoluble in hot 
alcohol. Not volatile witii steam. 
]Hpbeayl*aioxy*diphonyl 

[206®]. Small 
yellow platos. Insol water and alcohol, si sol. 
aoetio acid. Prepared by the action of alcoholic 
K^OUonp-iutro-di-phcnyl [Zimiuenuann, B. 13, 

piiuyl - glyooUle - o- atoxy -phenyl - glycolUo 
acid ON,{0,H,O.CU,.CO,H)^ [187®]. 

ibvparafwrt.—o-Nitro-phonyl glvcollic acid 
(18'6 g ), water {140 g.l and Na-CO, (5 g.) arc 
treated at 56° with so<tium.amalgam (166 g. of 
i per cent, sodium), added in small portions. 
On cooling, crystals separate. These are 
dtssolved in water and decomposed by liCL 


The piddpitiM Hf neiyiitite tim 
alcohol If the mixad aolda now malt abova 
162®, they ara etbeiified by alcohol and HCl 
The ether of the azozy- acid is less solnbla 
in alcohol than that of the azo- acid, it ia 
crystallised from alcohol and then saponified 
(A. Thato, J. pr. [2] 29,152). 

Prc^erf{>s.>-Crystallises, from aqueous or 
dilute alcoholic solutions, with aq as short 
prisms or as soalenohedra; but if left in oon- 
tact with the mother liquor these change to 
rhombohedra, taking up 4aq. Both these forms 
are sulphur-yellow. At 130® they becomo white 
I and anhydrous. Dissolves in alkalis, HCl and 
glacial acetic acid. Tho solutions are yellow. 
Forms red solutions with HNO, and HjSO^. 
Insoluble in ether and in benzone. 

Reactions.~l. Lead acetate, a yellowish- 
white flocculcnt pp.—2. AgNO, and BaCl,, no 
pp. in hot solutions, on cooling a crystalline pp. 

Salts.—(NH^I jA'' ; obtained, as a yellow 
micro-crystalline pp., by pasidn^NH, into a 
solution of tho acid in absolute alcohol Its 
aqueous solution gives yellowish-white pps. 
with BaCL and Pb(OAc) 2 , yellow pps. with AgNO, 

' and Fe„C!„ and a green pp. with CUSO 4 .—Ag,A". 
j —AgllA": more soluble than the neutral salt. 
BaA" 2aq. 

Ethyl cf Aer.—EtjA"; [114®]. Whitesilky 
needles. 

m • Bulpho • benzene• m • azozy - benzene lol - 
phonic acid [3;1] C,H 4 (nSO 0 .N,O.C,H 4 (HSO,) 
[1:3]. [125®]. Prepared by the reduction of 
m-nitro-benzene-sulphonic acid with alcoholic 
KOII (Brunnomann, B. 11,1048; A. 202 , 240). 
Yellow needles. V, sol water and spirit. 

' A"K,4aq: needles. — A"(NH 4 ), 2 .^aq; rhombic 
: pillars.—A"Baaq: dilticultly soluble prisms. 
A"Ca31aq: dillicultly soluble needles.- A"Pb aq. 

Chloride [138®]. Yellowiah-red pillars. 

Amide [273®]: si sol. hot water. 

Snlpbo-naphthalene-azozy-naphtbalene ml- 
phonic acid C,«H«{SO,n).N,O.C,oH,.SO,H. From 
(a)-nitro-napht)ialcne-(a)-sulphonio acid and 
alcoholic KOU (Alen, Bl. [2] 45,184). V. sol. 
water; oono. Il^^SO, forms a violet solntion. 

Salts.—KoA'^aq: triiuotrio tabular crystals, 
NoyA" 2aq: tables. — BaA'aq. — CaA' 2aq. — 

‘ PbA' 2aq. 

I Terepbthalic-azozy-terepbthalio acid 
I [6:3:1] CJl 3 (CO^).N.,O.C,H,(CO,H), [1:6:3]. 

I'Yellowish plates. Sol. hot, si. sol cold, water, 
j V. sol alcohol and ether. Decomposes between 
I 250® and 280®. Obtained by oxidation of 
I aldehydo-bcnzoic-azoxy-al iehydo-bcnzoic acid 
j N. 0 ( 04 H,(CH 0 )C 02 ll }2 with alkaline KMnO^. 
t Salts.—A‘’(NH 4 ) 4 * : long yellowish prisms. 

A' Ag,: yellow pp. (Honfblkaa. LOw, £.19,1091). 

•Toluene-azozy-bromo-tolnene 
C*H 4 Me.N 20 .C,H,BrMe. [74°]. From n-toluene* 
p-azoxy-tbluene and bromine. Bright yellow 
tables; v.sol alcohol and ether (Melnis, B. 3,661). 

ToUene-asozy-nitro-tolBene 

C,^Me.N2O.0ja,{NOJMe.[84®]. Formed by 
I nitration o^p-toluene-p azoxy-toluene (Petriefr, 

I B. G, 667). Yellow needles. 

I Tolaene-o-aiozy-tolneae 
; C,H.(CU,).N20.C,H4(CH,). [60®]. Formed 
I passing C 40 into an ethereal solution ai o* 
hydrazo-toluene (Petrieff, fl. 6,567). 

{ iV^parafion.—10 pts. of o-nitio-toloeiie «M 




•iM gri«a^«> i iduiai e« ik 

la (0 pb tj wluau a( nutbjf altobol, tbt 

alztan being flnallr oohobated on the water- 

bath tor leebbontt. 

JVtnerdw.—Large rellow aaalleg or plstee; 
Uw or^le belong to tbe dlmetrio e;atem, 
aib--9416:l. 

J^eoelioiu.—By diatillatiea with iron powder 
it yields o-azotoluene and a little laluidine. It 
^■0 yields o-asotolnene by heating with H^SOt 
(Klinger a. Pitschke, IB, 2553). 

n-Tetaene-u-axexy-tolnene 
C^,MB.N,D.O^,Ue. PO") (M.)i [69") (P.). 
prom p-nitro-toluene by reducing it in alcoholic 
•ohitioD with Bodtnm amalgam (Mclms, B. B, 
661; Petiieil, Z. [2) 6,364; [2] 6, 60; JJ. 0, 657), 
V. eel. alcohol and ether. 

Bromint girce a bromo- deriratire, [74"], and 
a di-bromo-dsiiTalire 

Bitric acid gives a nitre-derivative [B4"), a 
di-nitre* derivative [145"), and a tri-nitm-deri¬ 
vative 

AZOXTLKm 1’. XyJmc iiZCi-xulrjte. 

AZOXT-BAPBTHALEKS v. Naplitlialcno- 
axon-nai^tlialene. 

AZOl^-PHXNOL V. Ory-benzene-AzexT- 
phenol. 

A20ZT-SIPHSHYL u. Diphenyl-Aaoiv- 
diphenyl. 

AZoXY-TOIBKNE v. Teleenc-Azevv-ttiliicne. 

AZULENE or Asalin, IJluo colouring niattiT 
present in eeiieiitiai eils of chanioinilc, worm¬ 
wood, and niillefolhiTn. Caesea these and otiicr 
Dili to give an absorption-siirclriini, viz., tliree | 
bamle in rod and orange fllock, dr. PA. [6] ' 

ai, 17 ). I 


wm«im 

_pp, (Mm iofit&ar wtUi (ttitikiU it 

oiamto wil brpusliig qyanogaa into agnM 
ammonia. toL pore watar, with Tloh 
flaoresesnea; acid or ilhaliBg solattona flnonM 
green, B^ng water elowly eoaveria It int 
myoomello acid Nitrio acid orKUnO 

ozidieea it to aiulmoxia 0,0,N,0,, an orangi 
powder, in sol. water, ml. cone. HiSO^, thi 
aelution having a deep-green flooiesoenoa. 

Bydrainbun 0,H^, to formed by mixing 
dry cyanogen with diy NH, It forms blaek 
leaHete, converted by water at once into KHf 
and aznlmlo acid (Emmotling a. dscohsen, B. 4, 
927). By the epontoneoua decompoeition of an 
agtteana aolntion of HCN containing a little HH| 
a brown pj^ ia prodneed which, acoortling to 
Elanticr (A, Ch. [4] 17, IW), coDtaina an atnhnio 
acid of tho tormula OiH,N,0. 

AZBKIX (^,^,0,. [260-6"J. Small oclou- 
leea tables forming solutions which hsve a 
splendid blue fluoreacence. Prepared by heating 
salicylie nldohyde with o-tclylene-diamine 
(Laden burg, B. 11, 690). 

A2VLIlf£6. Azo. cemponnda of the lorm 
R,N.O,illj.N;N.O,II|.NIt, prepared by passing 
nitrio oxide into alcoholic aolations of tertiary 
aroiiiBtie aminos; lima, di-methyl-anilino szyr- 
ine is dCHCriboil as di-mothyl-anrido-bonzcne- 
azo-di-mothy]-aniline, di-amyl-aniline-asyline is 
dew ri hed as di-amyl-amidobenzane-azo-di-amyl. 
aniline; and di-cthyi-anilino-azyline as di-othyl- 
amidc- hcnzono nzo-di-etliyl-anilinc (I-iiipmann 
a. VIoisatiifr, .1/. 3, 703 ; 4, 281, 798; B- 16, 
2139; 10, 1421; KOItiiig, B, 18, 1149). 



BABLAH, Tlie fruit of sevi^ral apoci^A of 
Atacia, Tho accd^ and liujilta uro rich io 
Uonin. 

BACCABINE. An Alkalcirl in BufchavU 
eor^ifoMa or ' Blio-Mio,* Kicdloflr al boI. water, 
s<d. aJkobol, bid jl aIgoLoK an d other. 11B aqu rv>ua 
flolution i» neutral to littuuB (Arata, l*h. [3J 
10. C). 

BACTX&ZA,—The name f^'iven orif^inally to a 
ootnmon roit-Uko form whJrb ie a^umnd in (lie 
oourac of growth bjr the niinuto plants to wliioh 
Nagflh(6) in IS51 npjilind tho term Hchiieam^'cv>tf k ; 
haneo the term *liivctcria' la very fri^pieriUy 
used to designate tho Vrliolo ol this group of 
orgoiiisms. • 

Tho Bacteria, Baateriacejo, of SchizonijeoteB 
tro a group of plants ol extreme aiid|i]icily of 
Umeturo and very minute in aiaa. Like larger 
fkingi, they arc destitute of chlorophyll, and ao- 
CMtUngly are unable to dccom]>o6a carbonic acid 
in the presence of aunligtit; as a tfonsequeiiee 
their ADtfition reaembles in somoFerfccta (hat 
of animaJs, since they ore dependent on the 
ean|dex chemical aubaUncea produced hy other 
Ofgai^sms. The variety of sabstancea contain' 
tng eithef 0 or N, or both, which they can 
AMMk ftod oaka eonthbatory lo their eui': 


tenance la very groaf, whilst the cbemieal 
ebuflgos^ which they bring about in thoao aub- 
stances arc no Jchs varied and remarkabla. The 
exact naluru of tboao changes and tJio refatios 
of the Bactena thcmunlTei to the anhatancMi 
upon wiiicb thoy feed form an enonnona Bold 
of inijuiry wbicii Ifka only recently been looked 
at by Gbi'iiiists, and that, as yot, very ouraorilji 
Tho Ktiiiiy of tho forma presented by diflerant 
kind>i of Jhietma in thn courae of their growth 
lA nlso as yr t in an inconi]>1pto >itatc,«ad whilel 
it is certain that tlRire are kinds of UactMfa 
cbaractM'ivud racli hy iti parlicular forme, Ita 
particular jiabulnm or chemical food, and hj lie 
]7aTticu]nr chemical opualiona resulting in the 
formation of dchnila ehemical products from tbs 
breaking up of tho apjn upriatn pabiilum, we do 
not yot know Jn any Urge number of eeioi 
whether a particular form is constantly aeeo* 
ciati'd v'itli juvrticular chemical conditiorw aitd 
roaults, or whetljer it In jKWSiblo under modfdod 
oonditions for a gi ven form to change its chenuetl 
and physiological activitiea. In a certain nwalMff 
of CMCH we know that modified ehomioel aod 
physical eonditkina will cause a given font in 
tbe ootiree cf its growth to acquire a vety tnarkel 
modiflcatloa of form. Benee i( le at prAnot ist* 
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!h^»™^?"**^”’i^®‘ *'**’“’ "* olwnMrteriBed by 
Uie eontUncy of acortftin nmM «# #«*«. 


Z iXT™*"”, ^®* "* oWtorised by w»y -mw ■ 

we TOnitjncy of a cortaiji range of form, or in larirer ° Vhl though i&j ^ ' 

^ition to this, by tho constancy of chemical topUsin * tomogeneouiipro* 

and physiological activity. By ‘Bpeoiea* the t^i be detected • ^ 

“• TOmbT™'''?**‘h« surfio“e?f 

wie members of which may present verv littlo *«!'« » i! » * , *» ®°“®*®tmg of ‘mToonw> ' 

«tiv?LT‘‘'’‘"®™r® riUarth K-®"”’"®®- Whe®n theZj?SSi 

Mtivitlr;# SB compartd ono witli another .“J*- '™h>f»ng water, a ieUy ia fnrm.J «- 


or v^T™. ?, r'®” very little 

or vey great difleroncos of form and even nf 

JdiS it .? ,®®"’P"*'* ""o wit'' another, but of 

rsSSS— 

experience and observation, or that there 

SrSgSivSs 

til. inference thTeul '®®^‘"R ‘e 

viilhiu human c.rnrrieHr^ PeeeaRo has occurred 
the ass are distinct sn^yi/tl Jb® borse and 
wo havo Iniditional nn,I ®’ *'and, 

of tlio production of tho evidence 

from tile Hock I-Jeon anTconv”"?®^*’’?"""® I 
that from tho most fantaa fe 5 ”''“'? "® ( 

Book Pigeon 07 be pX^d 1'“® 

T7n~w’‘SIly’ 

Bisted in an important do7"^"**t®N*’*®* ’'e^eon- 
Of tho fact Unit a **>0 recognition 

forms mav hdon" to 'o7TT » '"■eroscopio 

of Baclerinm.td Iwale 'i ®“'“® ®I’'’eieB 
niOTt imimrtant all,„„c7irtIm r/" ®’'.'’®®‘ ‘''® 

endeavoura of liaeterinl,!; / * ‘”'^® tho 

brood by cliango of eon?v ^ erpenmcntally to 
terlnm 'ron^nXrTnd“rr7 
mentally n,nv kinds’ an,I Hereate ojperi- 

faetthatithas C ’n- L-n'l/'’ ®P“® ^ 

the forma of Ihmteria at assumed that 

Of tho nature of apiv.... rcoogniacd are 

Cl»..iflcato7Sl " 7"w‘“'’'®.- 

nearest allies of tl.iii ®^ Bacteria_The 

•woring planla are tlie Snat”"® ®'*'TP''y‘'- 
B-eeii-oolbured organiamaTtI L * 
nnum, It. virens It vSoi 1?“, ®*"®'* ®- eWo- 
tieal in form with some „f Ti'"®.',’ 
phyaiologically from 0.7 **““‘erio, differ 

Phyli- Tliedialinetion 1, P?f easing chloro- 

‘he Bacteria ia not bV«7m '“® »">• 

he no doubt of 7il!f.?.7® ®".e. 
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hours there a™ ti,„. t™ course of 24 

Bacterium more than ® 

itself. The coMtant and ^ T "’‘’■"‘fnals like 
fission is whrha^od t„77‘‘ P''®®.®®®.®' 

the formsVo?n as S7 °®7®®!. 

8C7isM 5/ncto) bacmiuilhi' bacterium 
a filament of naked n’mt *?®’ ^Pirilhon, 
observed ha7i7 frlr°‘®.P'®®^’ ■“ frequently 
product, and'^b?Ua°L®h7A®"<» »' ‘he fission- 
an active ‘ewarminff’ ‘”f causei 

prcffrcssion nf *1 ^ niovement, or darting 

with*Ts" 7 ?m?t 7 T™ 7 „®f:i. ^®" J . 

to note the phase nf phase we havt 

growth. As *^tho result.°® '0“‘™nom[ 
pabulum. Bacteria whig* variation in their 

separating from one anotherTfttr flasi"o”n ''®" 
lemain in tho noit ho.,r„# *"7 “ssion—nay 

ia.^i«S£S 

I h-near;%Tssollato7'«;®S 'v'>.ch may be ( 1 ) 
forms (6) massive. ’ iSy^Mhe^f^*^ . 

aggregation may be bihihli«d t® '®™* 
dMcrent forms of cella T 7 "» 

mioroeejoi are called resare ehoio®/!???.*®*®* 


-V^ 7 re 7 a„ o"rtZc? *“® ®"®“ r o°atf’- ^ 

fn other g’roups of 77, L»‘he case 

•ml acquired para8it7„; ‘ ‘ ®hlorophyll 
••«"Sh.bit,r7X7 oaprephytio (refure- 

fteiaselvesdUier w’swi^^l’ne®*®*®"? P”*®"‘ 

,«otaolied cell, or as lSe»7 ® aooumulations of 
« chain., of ee?r,.‘“^.L*„«; (fi'-oots 


► wx.wa* VVIIS or as iinenr • —''-—•aoMaMUHS ©I 

®* chains) o( colls I lo start at * 1 . new une of fl 

^ A-a; 5-r.s,3l5Kr;SSB«i 


BraZ^ra^tga^on*"!. We^apiriSj 
CMcth^^Zo^ 7®®“ “‘® ooZuM 

ment breaks soZ to alkw*»™ * fP*®*^* ***• 

whl* Uk 7 ^ 7 u'C"^?^ 7 ?®^' 



bxuQtt (MMAp 

Ubg irat 0f lht|nMiiajdndM^)u«pKO* 
Amm (fig’* tnd rerj regwar teiselUto aggn* 
ntas (fig. g). In the latter, baoillne or olithri* 
diom forms may be arranged with absolute sym¬ 
metry forming little plates of twenty or more 
edit, in rows of five or more (mcrismopedia 
lormj. In the sarcina form the grouping is 
^boid, * packets * being produced instead of 



bacilli at tha other en<1; ff. Spirillum (vibrio); A. 
Bplrillam (elom !:piml) with flaKolla; U Comma (i^ir* 
mont of apiriilum): /t. Homogeocoua baoilins with 
flagella ; t. Uvolii or double^ne form; #n. Ijirge irre* 
galar form: these may occur of great else and Tarloua 
■bapea, as flat dl.«c8 (macroplaslsl in Boot, rabeacens.-' 
lAnJt.i n. Bacillus with tnoDlllfonn protoplasnu not 
•pores (B. tuberculosis); o. Sporobncillua. with endo- 
spores; p. Hoiiary-ohain; Huear aggregate of micro- 
oooci; q. Mcrismopcdla-formor tablet; teasetateaggre¬ 
gate of cllthridia; r. Hydrodiotjron-form: retiforin 
aggregate of bacilli; t. Oladothrix-fona: falae-braach- 
Ing linear aggregate of bacilli; f. Nostoooid linear ag¬ 
gregate ; larger cocci oewur at interrali in a obaln of 
■nailer cocci(observed inoultivntionsof B. aathracU); 
lb Two micrococci embedded in jelly-Iiks enTelgpo; 
tr. Lecconontoc-form: a apirDlaqi with Jelly-like eo- 
Tel4^: r. Zoogioea of clltnricUa; ditbMdia embedded 
in J^iy-Hke matrix. * 

■plates.' Lsstljr, vhere the cell-wall iwelle np 
aai forms a jolly, we may hare the bacteriaa 
calls of any one shape adhering b^^the jelly to 
one another (fig. x), and forming apherical or 
fangolar musea of jelly (stooglosa). These 
laasaei often are aa large as the hand of a man, 
•bS art foonl on pntrotying liqnida and sclida. 

tkan if no donbt &at all the forma of eoU 
H*;** eeU-iggregatea vhiob h*v« btM aboT« ^ 


Thi' 

Baeim»mrvbeieen$ of Luikeiter [1] fonng port* 
wine oobared pellioles on decaying organlo 
matter in fresh-water ponds and in salt-marshes, 
the protoplasm of the cells being coloured bj a 
peculiar insoluble pigment' bacterio-purpurio.' 
Lankesier found all the varioties of aggregation 
and of cell-form (except spirilla, since observed 
by Warming [2] and by Giard [8J), in a small 
tank in which this oigaaJsm was fiourisbing; 
their connection with one another was prov^ 
by their all containing the peculiar colouring 
matter and by transition-forms of growth. The 
accuracy of these observations has been con¬ 
firmed by Zopf [4], and Lankester’s conclusions 
adopted by him aa well as by De Bary [5]. The 
species of Bacteria are said to be * pleo¬ 
morphic * or in Lankester's phraseology * pro¬ 
tean.* Nevertheless it is exceedingly probable 
that not all baoterian species exhibit so wide a 
range of form as does B. rubesoens. Some seem 
to be limited to the miorococous and olithrldium 
ocll-forms, and to exist either as free swarming 
cells of tliose shapes, or as linear aggregates of 
the same. Others again are possibly limited to 
the micrococcus form, though it is necessarily 
extremely dilhouU to bo sure that under appro¬ 
priate oonditions of oultivation the cell-form 
and aggr^ation-form will not change altogether, 
and, until experiments have been very carefully 
made in each case with the object of brewing 
down the limitation of form usual to this or 
that species of Baoterium, it will not bo justifiable 
to dogmatically characterise a species of Bacte¬ 
rium by reference to its shape. 

Bpore-formations* 4Fhe Bacteria reproduce 
with enormous rapidity by fission, but some few 
arc knowg to produce special reproductive b^lel 
wbicli have the property of resisting the injo* 
rious oifects of desiccation and heat. 

In one sense of the word ‘ spore,’ every seg¬ 
ment into which a previously unbroken plastid 
or cell of a Bacterium divides is a spore. A 
more special justification of the use of the term 
ie found when occasionally one of the products 
of division is larger or more refringent than its 
fellows. Such ' spores * are recognised in the 
cultivations of Bacterium (Bacillus) tui)oroulo8il« 
None of these are sufficiently speoialised at . 
reproductive partiBles to justify thoroughly thc -^ 
use of the term * spore * in regard to tliem. Igi^ 
certain species, however, e.g. Bacterium sobtilci :' 
Bacterium antbraois, and B. megaterium—t^ 
formation of well-defined endospore»is charao* !•. 
tcristie. The proto^asm within each member 
of a linear aggregate of baoillus-forms separates 
centrally from iUelf an ovoid mass (fig. o), oft 
the surface of which a co;»t of dense myoopiotelo* 
is produced. The bacilli ihemselves die amw 
and decompose, but the evoid spores remain, 
have the power when dried of resisting an e^if - 
posure to boiling water for as much as fifteetir' 
minutes. This property in the spores,of 
subtile, which are common in old hay, has 
to erroneous inferences as to the * spontane^^q 
generation,’ or' abiogenesis.’ of Bacteria. It ti 'i 
possible, as suggested by De Bary [6], that tlui^! 
nacteria which produce endospores are wUidiV 
separate (as to their origin from gresii tloft 
frm the other Baoteiia wbieb havt so 




M airtltt thk 

Bndatparw tod irtlmM^tn*. 

^itiiflttioit Md Bom«i«Uttm of BftCttrU. 
Wot the present De Buy’e divieion of the 5ao> 
terift into Endoeporea and Arthroeporea may bo 
•ooepted. The various gonerio nam^a in use, 


AasriM; S. tiAtMikib itt ilM 
groof nun and animius foserieg from taber- 
oniar consumption or phUiiids; B. UprOt in tho 
diseased skin of persons suffering from leprosy; 
B. tnalleif in men and horses affected with 


inch as Streptococcus, Abcococous, Cladothrix, | glanders; B, typJtosum, in the spleen and lot^ 
Beggiatoa, Myconostoc, Leuconostoo, have no | tinal glands in fatal cases ol typhoid lever; A 
logical basis, and produce a good deal of confusion ; acidi foeftet, in sour milk, the manufacturer of 


by a false appearance of order. It is probably 
Sttfliclont at present tb limit generic distinctions 
to the three terms Micrococcus, Bacterium, and 
Bporobacterium. The genus Micrococcus com¬ 
prises those Jiacterittccie which are not at pre¬ 
sent knovm to exhibit any form of plastid or coll 


lactic acid; B. cyanogenum, in milk,causing it to 
turn deep blue; B.pyocyanewn, in pus in badly 
dressed wounds, producing an emerald-green 
colouring matter; B, alvei, causing a diseMO 
in l>ee-!arvffl known as foul-brood; B. ureof, itt 
urinals, causing the ammoniaca! fermentation 


other than that of minute spheres; the genus ! ol urea; B. aceti, the vinegar ferment, causing 

_t_.: ikn A/vn»A»ai<\n nf Aflivll/* (lI/*AKn1 intA a/>f\tin 


the conversion of othylio alcohol into acetic 
acid, occurs in vinegar factories; B. prodi- 
fjimum, causing blood-red staining of bread, milk, 
<tc., leading to public alarm, and regarded as 
a portent; B. ovattm, causing the silk-worm 
disoa^t} known as *pubrino;’ B. ctiniculicidum, 
eaUHing a specific scpticmmla in mice and birds: 
IL chilcm gallimrum, in the blood and in the 
intestines of fowls sulTering from chicken 
cholera; B. pneumonue crouposre, in the exuda¬ 
tion in croupous )>neinnonia of man; B. Koc/in, 
Koch’s comma-bacillus, found in the intestines 
of persons dead of Asiatic cholera (this is a 
spirillum form which breaks into comina-Hhapod 
Kegiiients; it is not i>roved to have any causal 
relation to cholera); B. /'VuA7en, similar to the 
last but larg<>r, occurs in ordinary diarrhcca; 
B. buccule an<l B. Lewisit, spiral and filamen¬ 
tous forms breaking into commas which occur 
in the healthy human mouth. 

Genus Micnococcufl. 

Species: M. pyogam, in acute abscesses; 
M. crii-^iptltitosua, llio cause of erysipelas in 
man; M. variole, in the pustules of small-pox; 
.If. //oiwrrArcrc, probably 111 *’ cause of gonorrhcBa; 
il/. lumbycis, causing tlio disease in silk-worms 
known as llaccidezza; .If. vcntrkuU, in the 
human stomach, olisorved In vomit, the ' saroina 
venhiciili’of Goodsir; M.ficarlatin.v., probably 
theoauseofscarlet fever in man, and of a disease 
of the udder in cows; 3f. rabidorunt, the cause 
of rabies, not satisfactorily isolated as yet; be¬ 
sides a list of twenty or thirty more causing 
spt eial kinds of pyiemia in such animals as 
rabbits ami mice, or proilucing well-marked 
’coUuiring matt<?r« in colourless vegetable or ani¬ 
mal infusirms, grnen, blue, rod, yellow, purple. 

For a compii'to enumeration of the supposed 
‘species’ of Jtactci-iaccw which have been de- 
scribed, together with a description of each 
sp.vios and many illustrative figures, the reader 
is referred to iho extremely useful and troti- 
wi^thy treatise by Dr. Edgar Crookshank, en¬ 
titled A }ran7Ml of Bacteriology, published by 
H. K. Iilwis, London, 1887. Dr. Crooksbank 
gives complete references to the original de¬ 
scription of every known species and to the 
sukoCipient literature. 

Chemicai relations of the BaotorUee9.»Tho 
above incomplete list gives some idea of the im¬ 
portance attaching to these minute organisms, 
it is an importance entirely depending on the 

^ . ---- - - --,, variety and peculiarity of the chemical deeom- 

0 . Kuhniam, in wells and drain-pipes (Greno-1 positions and reconstructions which ther oudto 
Khrix); B. mrseuferoidcs, forming masses like io the organic compounds forming Voo’ 


Bacterium contalnx only those ilucUtriaceui which 
ore known to exhibit in the coiirsn of growth 
rod-like forms of plastids, as well as in many 
eases niiorocooous-formH and spiral and straight 
filamentous forms; the genus Sporobaotorium 
includes only those formj which produce endo- 
spores, the so-called llocterinm (lUoillus) an- 
thraois, 11. subtile, and 11. niegat>*rium. Ad¬ 
hering to this nomoncluturo, we alill make use 
of the terms vibrio, spirillum, bacillus, clilhri- 
(hum, ASirooncous, zooghea, (t;e., A'c., to describe 
conditions of growth or varieties of ei-ll tonn. 

With regard (u the use of gpiriiie names, it Is 
well that every form or group of forms of llac- 
toriai^'R) wliieh definitely recurs in certain con¬ 
ditions, and Boems to be, so far us ubsurvution 
has gone, distinct from other known forms or 
groups of forms, should ruceivo a name. Hoeing 
that many of these iiamos are proliably but of 
temi>orary significanoc. It would bo well that 
they should bo as deseiiptivo of some : 

feature of the BUp{>oscd i^pecies as possible. The ; 
Bnotoriaceie should bo named acoordiag to their 
chief properties, phico of ocourrence, or character 
of growth, and not after piwsons. 

The following is a list of some of the chief 
supposed species of lliirteriaeeie wliieh have been 
dosoribed, with an indication of tlie moile of oc 
curronce. It is by no means an i‘Khaustivi' h 7, 
and it is (|uito certain that some of the few s ip. 
posed species hero enumerateil will, on fiirt!ier 
inquiry, bo found to bo pliaseHof growth of other 
ipMios. 

SiHdioii A.: lUtdosporiUi. 

Genus Spoiu>n\CTKiutTU. 

Speoies: 8. subtile, common in hay; S. an- * 
ihracUi, in the blood of cattle, Khci'p, and man, 
causes the disease known as splenic finer; S. me- 
gafcriuwI%>bservod on boij^d cabbage; 8. bufy. 
rkitm, Iho butyric ferment, occurs in cheese- 
making, and has been (mnfused with 8. snbtik. : 

Section B.: I 

Genus llACixniuu. 

SiHHMt's: B, tenno, the commonest form in ! 
putrefying vegetable infusions, but not yet iso- ' 
lated and oharaotoriscd; B. lineoUi, a latter 
form occurring in foul ;>onds and snwago; B. 
rubescetis, the protoplasm is wine red in colour, I 
the plastids and aggregates are of tho nu>si * 
vari^ forms, occurs in ponds on vegetable 
nluse; B. dichotonut, formiug branched aggre¬ 
gates (cladothrix) and straight and spiral fila¬ 
ments, oommon in river water on dead leaves; j 
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•niiMli. WttiMot BmIhIk IM vooM bft M 
radi 41^ M palra(Moa« and iharefort no 
oiroolatioo of the ormoio elemonti from 4h«ir 
mem stable oompoa&ds to the oonditioa of albu> 
meai, fats, and sugars, and back again to the | 
stable resalts of piUresconce. The earth's sur* | 
face would be cumbered with the dead bodies 
of former generations in which the carbon and ' 
nitre^o now serving as the food of plants would 
be permanently lockt^l up. All the evil smells 
which are not directly due to the chemist, nro, 
with few exceptions, due to the action of Bac¬ 
teria. Many valuable commercial products, 
such as acetic acid, lactic acid, and iluvouring 
compounds such us butyric acid, are obtained 
through their agency. The pungent fumes of 
stable refuse are causctl by their m'tion on urea. 
It is almost certain that they too are the agents 
of nitritication in the soil—one species of Boo-i 
terium (or Micrococcus?) converting the am- ! 
monia produced Vy anollier. into nitrates an<i ■ 
nitrites. Somi! Bacteria produce highly poison- \ 
ous bodies by their action on the albumens of ; 
dead animals and plants; amongst these poisons ; 
arctheptomaines.whioh have rec*'ntly excited the j 
attention of chemi-.ts CK Other Bactoiia inuk«! j 
their way into living animals and plants and . 
there produce poisonousdcoomposilion-pro<lucts ' 
from the albuminous constituents of the organ- ! 
ism, which are recognised in thoir effects under 
such names as splenic fever, scarh-t finer, : 
phthisis, rabicH, .vc. It appears that then* arc ^ 
many kinds of Bacteria which arc parasitic in 
and on the bodies of men and of otln'r animals, 
the results of whos«! chonheal activity is not 
injurious, whilst other kiinls (or possibly the 
same kinds under changed conditions) produce 
deadly results. Other kinds again, it now sr ems 
certain, aro not lucroly innocuous but actiialiy 
necessary to the healthy life of the animal they 
inhabit. Tho digestion of food in tho alimentary 
canal of man un<l other onimals is largely aid(?il 
by the Bacteria which aro present in the Jutes- : 
tine in countless myria<ls, and it appears that 
the products of digestion owe their chemical ’ 
characteristics in no small degc>ec to the Bao- | 
toria. In the absence of the normal parasitic | 
Buteria the products of digestion in the Imnian 
intestine would, it appears liighly probable, be 
of such a nature as to act ix>iBonous]y wlien 
absorbed into the blocHl. When to these con¬ 
siderations wc O'ld the fact that the Bacteria : 
arc ubiquitous, aboundiogin the dust of the air, i 
in all natural waters, and upon alt surfaces ; 
whether of animate or inanimate objects which ; 
have not been chemically cleansed within a ' 
few seconds of their examination, somo idea 
may be formed of tho immense irnportai^c 
which belongs to the study of the Bacteria in 
the immediate future. 

Methods of Study.—At present the Rlnto 
of knowledge of the chemical relations of the 
Bacteria is extremely fragmentary. They were 
originally discovorod by Jieeuwenhook [7j, the 
Dutch naturalist, in the fluids of the mouth, 
and various forms were 8absef[uenily seen with 
the microscope in natural waters, ponds, Ao., 
and described by Bhrenberg [8] and others. It 
WW Tb^ore Scliwann [9], however, who. in 
1888) demonstrated by a simple experiment that 
I. 


Bilitigfa mm lib Mlraflutitt «(mob 
tobiUnoet, and thal wldioai them ibwe u a« 
pntrsteetioa. ZAter, Pasteur [10)» in oppoai- 
ti<m to Xaebigt extended Sohwaon*s cdHwrvatiofis 
and ooneluslons, and established Uie dootrins of 
organised ferments, whioh has proved of immense 
practical importance, and is as yet only at the 
oommeuceineut of its history. The foimdatios 
of the experimental demonstrations of Sohwana 
and of Pasteur lies in the fact that the living 
prutoplasm of tho llacteria i ' dejitroyed - Umt 
is to (iav, iindergoi's uii irvovooahle chemical 
change -wlien subjected to a temperaluri' l>clow 
or about that of l>oiling Cousniuontly 

it is possible, by the action of heat, to d<;slroy 
the Bacteria present in an experimi'utal vessel 
and its contents, and to protect the (Mmlents 
from the fnrtlier rn'oession of Biioteria. By this 
method, ami hy this int'thod alone, it has heon 
possible to prepare organic infusions, as well as 
solid gelatine, albumen, Ac., which, whilst 
cupahlo of sup|)orting the iifu of Bach^ria, are 
yet free from iln-ir presence for the time being. 
Such substances lue said to bo ‘ sli rilisi'il.’ 
Tluy can bo iiiociilat 'd atpliMisurc with Bactoria 
and tho off<‘i‘tH of tlie inoculation studied. In 
ord*-r to proiMire the Bacteria for iiMKnjlalioti in 
a state of purity, sj'ecial methods Jiave been 
devis(;d. So abundant and varii'd are the kinds 
of Jiaideria present in nearly all natural organic 
inalerial, that any rough process of inocula¬ 
tion will introduco many kinds of Bacteria 
simtihaie oii.^ly into a Rtiu’ilise<l ine<lium. Te 
separate tho various kinds of Bacteria for ths 
piir|i.iso of study of each In its isobilrd con* 
dilion, three principal tnelhods urn employed. 
The lirsi appllc':, as .A. '^'iAnUtnown, tn hut one 
kind, the Sp >i nl'iir(,'rium {HacHlus) The 

dry sjmres^if this Bacterium resist tho dcKlruc* 
live .■(■[•cl. of iioiiinip water for as much as 
tltte( n minutes, whilst all other known Baeleria 
are d< .:(r >yed by it. lleneo we have only to 
boil old hay in water for a b w minutcM in 
order to obtain i pure cultivation of B. suhtilo, 
'i'hi; seeond method (due to Niigeli [11 j) is that of 
fractional dilution. (Bvon a li'piid swanniiig 
with a mixture of various Ikudeiin, of wltich (( 
is estimated by inspe ction that one individual 
in twimfy is of tin* kind it is desired to cultivate. 
Ihlutc tiio liquid to such an extent that one 
drop of it slmiild c<#ituiu but a single hiictf^itim. 
Then it is probable that every twentieth drop 
will contain a single isolated individual of the 
desired B.'icleritiiu. Fifty tubes of atoriJiacd. 
nutrient material am prep.irod, and i; to ooch ft 
single drop of the niluted Boctcrium-holding 
tluid is intrr»duced. One, or possibly more, of 
the tulMis will tliUH be irioeulalcd with an iso* 
Inted example of tho d< ired Bacterium, wbicll 
will multiply in the etcriliHod nutrient material 
and thus yield a pure '“dtivation, and can be 
recognised hy tfio microscope. Tho third method 
is due to Bn bdd, of Berlin. By atrouking with 
a iKs dlo point u minute drop of fluid containing 
various Bacteria, over a surface of solid sterilised 
gelatine, the various Bacteria will bo locally 
ifciluted along the conri^i of tbc streak. Thqy 
will remain thus separatrsl from one anotbar 
and commence (<• multiply in aiiii. With a low 
p<»wer of the microsc<q>e and a fine necdla 
samples can be now removed fiwm the variotia 
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&MI in tfXmit fl«rUM sntriaat for 
IttrtbwoaHivaUon snd itadj. Similftr isolation 
is affected bv mixing liquid gelatine with a 
diinte inieotod liquid; when the gelatine solidi¬ 
fies, the various bacteria are embedded apart 
from one another, and grow in isolated patches, 
which can then be removed and separately 
stodied b^ further cultivation. j 

Conditions of life reqnired by Bacteria.— | 
General results, (o), 

1. The first general rcsullof these methods of 
study has been to determine the ubiquity of a 
large number of different kinds of lluctcria, and 
the comparative rarity of others. More will be 
said below as to the study of the distribution of 
Bacteria in air and water. 

2. The Bacteria are found to differ from one 
another in their relation to free oxygen; the 
aiirobio (Pasteur) will only multiply in the 
presence of free oxygen; the anaerobic will not 
flourish except in the absence of free oxygen, 
or at any rate are indifferent to its presence. 
Thus B. anthracis is eminently aerobic, whilst, 
the Bacterium of malignant aMleina is anaerobic. 
The hay-bacillus (B. subtile) is aerobic, the 
butyric bacillus of choose (very similar to the 
former in appearance) is anaerobic. 

U. The source of nitrogen required by Bac¬ 
teria for building up their protoplasm is various. 
Very many can take it in as low a form of com¬ 
bination as ammonia. Others require it in 
higher combination, and some either require it 
in the form of albumen or at any rate can take 
it from albumens. It is from albumens that 
some of the most romarkcblu products formed by 
Bacteria result. be little doubt that 

the drat steps in this process are comparable to 
the digestion of albumen by animal cells. It is 
not ascertained that all and any ifkctcria can 
attack albumens. The exact range of the chomi- 
eal quality of the nitrogenous food possible to 
each spooies of Bacterium has yet to be deter¬ 
mined. 

4. The carbon required by Bacteria may be 
taken in as low a form as acetic acid by err- I 
tain spt'eies; others can take it from tartaric | 
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highly probable that other aiu^ speohU raqoiMN 
menis m regard to the ohemical nature of th^ 
food, exist in respect of other species of Bacteria, 
whilst others again are more catholic in their 
nutrition. 

5. Water is necessary for the growth of 
Bacteria as of all living things. Most Bacteria 
will flourish in the presence of that small amount 
of water in proportion to solid matter which 
sudices to oonstitute mere dampness or moist¬ 
ness. Bacteria are not killed by partial desicca¬ 
tion, but none resist thorough desiccation. In 
this respect important variations have been 
dolcrminod in different kinds. The spores of 
the Kndosporea have a special power of resisting 
desiccation. 

G. There is an optimum temperature favour* 
ing the growth of Bacteria, which ranges in 
various species from lO'*' to blood heat. Ex¬ 
periments liavo been made pxrving that certain 
species of Bacteria arc killed by extreme cold, 
whilst all are arrested in growth during expo¬ 
sure to the freezing temperature of water. The 
most careful observations have been made in 
regard to the effects of exposure to high tempera¬ 
ture. Exposure to a temperature of 100'^ for 
five minutes kills all Bacteria except those be¬ 
longing to the Endosporen, the spores of which 
can resist the effects of this exposure for half- 
an-hour, and possibly longer. Many Bacteria 
arc kill^ at lower toinporatnres (e.g. 60^), bat 
careful experiments are wanting. 

7. Experiments as to the effects of diminution 
and increase of atmospheric pressure upon the 
life of Bacteria have boon made, but without 
reference to particular species. Diminution of 
pressure is not known to have any inllucnco. 
whilst experiments made by the writer show 
that a pressure of thirty nlmosphores does not 
hinder the dov(!]u])nient of putrefactive Bacteria 
appreciably, though modifying tho chemical 
results of their life - processes. Extremely 
high pressures are stated to be destructive of 
Bacteria. 

8. The inlluence of liglit is, according to the 
acid; others can do with nothing lower than a ! experimouts of Downes [13], inhibitory to the 
sugar; others again require glycerin or a simi- j growth of certain Bacteria, but the species so > 
lar body, and others apparently retpire their affected have not been determined. This is in 
oarbon as well as their nitrWgen to bo presented accordance with the absence of protective pig- 
in the form of u protoid. Thus it results that • ment in most species, and the general fact ot 
many Baoteria can be nourished by solutions of ; their growth within turbid liquids and beneath 


ammonium tnrirute alone, wliilst the limits of 
eomp)cxil(r of necessary food-compounds has 
various ranges in other^speoies, all of which 
require accurate dotenuination by the chemisi 
Idttlo has as yet been ascertained in this 
direction, but recently Dr. Boux [12] of the 
Tasteur Institute, has made an extremely im¬ 
portant observation allowing the necessity for 
extended research of the kind. It was found by 
Kooh extremely dilfloult to cultivate the Dacte- 
tium tuberculosis, oven upon blood-serum kept 
at the normal temperature of the body, lloux 
found that tlm addition of a minute quantity of 
glycerin to the serum led to the rapid and 


the surface of solid bodies away from tlie light. 

i). Like the yeast-plunt, which creates a 
poison (alcohol) in the nutrient fluids in which 
It grows, which after reaching a certain per¬ 
centage causes the avrest of growth and the 
siibsidenco of the yoast-ce!is—so tho Bacteria 
arc limited in their growth by the existence of 
products of their own formation. These pro¬ 
ducts have not been investigates! by Olmmists. 
But it appears to be established that putre¬ 
factive Bacteria growing in a nutrient medium 
flourish fcf a time abundantly, then suddenly 
cease their growth and sink to the bottom of tha 
vessel in which they have been growing, although 


abundant growth of the B. tuberouiosis supplied | the nourishing material is not exhausted. 
with that mixture; and further, that an ordinary ‘ further and exact investigation of this ph«^ 
meat broth which alone cannot serve as pabulum , menou by the chemist in regard to vtikNlp 
tor the B. tuberouiosis, when mixed with a species of Bacteria must lead to resultt 
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10. A oandition of (ho lifo of t given ■pooioi 
Ol ^(ertum it found in the presenoe of other 
ipeeies of Bacteria. Fr^uently one species of 
Bacterium is the indispensable friend and 
associate of a second -preparing byitschomieal 
activity the pabulum ou which alone the sM',onil 
can thrive. An association of the kind is seen 
in what ia called the vinegar plant, whore 
Bfyooderma prepares from starch the alcohol 
which the Bacterium aceti converts into acetic 
acid. So, too, tlio Bacterium of anuuoTiincal 
fennentation is the antecedent of the Bacterium 
which converts annnonia into nitrites and 
nitrates. Equally iin}H>rtant is the inhibition 
and pos.sibly the destruction of one species of 
Bacterium by another. Very little has boon 
asoertaim^d on this important matter, but it 
appears that the presence of certain putrefactive 
Bacteria in a nourisliing medium will actually 
prevent the dewl pment and growth of certain 
patliogenic species of Bacteria, although these 
arc present in small numbers. Apart from the 
question of po.ssible specific incompatibility of 
two Bacteria, it appears tlia( the question of 
quantity (r. Cheyno [Mj) is important. A species 
of Bacterium which is at the commencement 
of an inoculation experiment one hundred times 
more numerous than a second species, may by 
its rapid development and numbers prevent 
altogether the growth of the second siiecies. 

11. Tlie question of thu conditions of life of 
the Bacteria involves the very important one of 
their tolerance of the presence of various che¬ 
mical substances in the liquids in which they 
grow, those substances the prescnco of wliieli 
it not tolerated by the Bacterium being called 
* germicides* or 'antiseptics.' On account of the 
practical importance of destroying or inhibiting 
the developinont of putrefactive and pathogenic 
Bacteria, a good deal of attention has been given 
to this subject by chemists, but unfortunately 
it is only recently in tlio laboratory of Koch 
[15] tliat experiments to determine the germi¬ 
cidal action of chemical substances Imve been 
made with the necessary discrimination of the 
species of Bacteria which were the subject of ex¬ 
periment. Tlic fact is now definitely established 
that some species of Bacteria oro killed by che¬ 
mical substances which do not injuriously alTeci 
others, and that the amount of such substances 
which ia effective varies in the case of differout 
species. The inquiry has only as yet been com¬ 
menced, but it is of immense practical impor¬ 
tance, since it may bo possible to discover 'ger¬ 
micides’ of a generally innocuous character 
which are specific poraons for certain disease- 
producing Bacteria, whilst harmless to eClur 
Bacteria and harmless to the higher animals in 
whoso tiiisues tiic pathogenic Bacteria flourish. 
Thus weak solutions of quinine sulphate are 
poisonous to the Bacterium wrsts, whilst not in- 
furious to putrefactive Bacteria. 8uch a solu¬ 
tion can be injected into the htvaan bMder 
without causing irritation, and thus the inflam¬ 
mation resulting from the arnmoniaeal decom¬ 
position of the urine in the bladder by Boc- 

: Isrium uretD, which sometimes gains accfrss 
.^Uj^to, can be entirely arresti^. In this 
diffsrenoe between actual dostruc- 


or fahlbitioB ot grow^ dm to tho protSBOf of 
tbeantisaptiooh^oal, havo to bodimiiMiabol 
It is also needful to inquire how far such 'anti* 
septios,* without killing or inhibiting Baoteriot 
may modify the physiological processes and 
chomical results brought about by the latter. 
The most powerful and generally effeotivo 
poison for Bacteria apjH'ars to he corrosive hub- 
limale. The j)rcsonce of ae little as 1 in 10,000 
of this salt in a nutrient fluid has been found to 
kill Bacteria present. Phenol is also a genend 
and powerful gerniioido. Boraeio acid also and 
common salt in largo quantities are effective. 
The nature of tlieir action and their efloctivoneM 
in regard to differtmt s|M>cio8 of Bacteria imve yet 
to bo accurately doti'rmincd. Antiseptic surgery, 
tho future troalmcnl of aymulio diseasi', and tha 
preservation of perishable articles of food, depend 
upon tho further discoveries of ohomists in regard 
to this matter. It is not improbable that tho 
most effuctive and useful geriuiojdes will bo 
found in chemical substances wliich, like quia" 
ine, resemble thoso inliibitory products which 
are produced by the Bacteria themscivosaud act 
as the natural obstacles to their exccssivo mul¬ 
tiplication. The inoTO general question of tho 
tolerance of or iieot'ssily for tho presonoo on tho 
one liand of free acid, on Itie other of free alkali 
in tiu' nutrient fhiids suitod to different Bacteria, 
belongs liero. It lias been studied in regard to 
many Bacteria in a rough and ready way. Romo 
Bacteria will not flourish in acid media, othoro 
will; but accurate quantitative invesiigatiooa 
are still wanting. 

The products of the activity of Bacteria.— 
When a species oMMMMaiagrows in a nutrient 
fluid of known choiuicai composition with aooMf ' 
to a dcfliyto and limited volume of atmusphetio 
oxygen—under given oonditions of temperaturo, 
pressure, and illumination—certain obemioat 
intercliunges occur in the materials contained 
in the apparatus. Theso can be accurately de¬ 
termined in certain instances, and tlio variatitm 
of tho quantity of change in relation to time OMi 
bo stated. Various factors of tlio process, euoh 
as tem}>eraturc, presence or absence of initiat 
chemical substances, Ac., can )>e varusd, and the 
results slated and compared. In no case liai such 
sm experiment as yet been accurately mode by A 
chemist. Nevertneless, we know roughly that, 
in the supposed experimental apparatus atevf 
indicated, there will bo after a certain time iB 
increase in the weiglit of mycoiirotcin and albo* 
mens existing in the form of BaAteriu, and ia 
corresponding diminution in tlie G, 11, N, an# 
0 of the other material in tho apparatus. Kod 
only this, but wo find certain new chemical cma* 
pounds present outHid<: tho actual substanca of. 
the multiplied Bacteria which result from and 
accompany the growth .and life of tho pariiouBuf 
species experimented upon. The same generic 
BtaU^nient is true of any higher organum 
relation to its necessary pabulum; but vhewii' 
in largo multicellular organisms the zaiultiiif' 
products of the life of the organism SM 
porarily or permanently held within Urn auili 
of the body, in the minute unicellular BaoMi. 
there is no taking in or envelopment ^ tiid; 
materials to bo acted upon by the Uv^ thlu 
but the organism gets into its food instead « 
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•bmpftrsbliito tbedigtftireand ereo totbtmon 
detp-teatod metabolic procosaesof higher organ- 
Itifff take place in the nutrient liquid in which 
the Bacterium livoe, being initiated at the eur- 
lace ol the ewamiing cells constituting the colo¬ 
nies of these minute plants, and serving their 
economy et|Ufilly ns well as though they occurred 
in an aliniuntary cunul or in a series of blood¬ 
vessels and tissuo-spac'os. The chemical changes 
induced by llacteria should be studied from the 
same point of view as tliat taken by the physio- i 
legist in regard to the activities of the various ; 
Cells of the tisHties with their diverse and specific 
funcliorm. Wo are not yet in a position to treat j 
the suliji'ct from this standpoint hut wo can dis- j 
tinguisli with mure or less certainty results j 
Iraceahln to respiration, digestion, assimilation, , 
•ecretion and excretion; the chemical correla¬ 
tives of these processes are change's described as 
de-oxidation, oxidation, S])C(ulio ferinentationK, 
apccilic syntheses. 

'XhGobi'iotts results of the activity of Ilacleria 
(setting aside the probably universal evolution 
of CO^ and consumption of free 0, common to 
the liucteriu and all living protoplasm) though 
by no mruiiis necessarily tlic most important in 
regard to their own physiology, are the produc¬ 
tion in the liquids in which they grow of (1) 
substances iuivitig distinctive smells and fla¬ 
vours; (’J) Hiibslaiices liaving brilliant colours; 
(3) flu))slauees having tuninontly poisonous pro¬ 
perties ; to tlu'sc may bo added such remarkable 
results of oxidulioii as the manufacture of ni- 
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Baoierittm ft oaitSyftiad In ft pore solution ol 
ammoDiam tartrate (with trooes of mineral salts) 
often called Pasteur's or Cohn's solution. Thns 
the Bacterinm of blue milk con be grown and 
made to produce its blue colour from ammonium 
! tartrate, the Bacterinm of green pus similarl/* 
and many of the chromogcnic Micrococci, whilst 
some ol the specially active putrefactive Bacteria 
manufacture foul-smcUing products from the 
same salt when exporimontally nourished with 
it. 

In regard to the second group, that of sub¬ 
stances resulting from a breaking down of higher 
chemical bodies brought into relation with the 
Bacterium (and that probably by the action of a 
secreted ferment which may be minute in 
amount and possibly never separated from the 
surface of the Bacterium-coil), wo have to note 
first of all that the ferment itself belongs to the 
previous group, Secon<lly, that various species 
I of Bttchiria have boon shown t^Tproduce ethylio 
and other alcohols in this way—from sugar 
. and similar bodies—as docs the yeast-plant 
' (Saccharomyces). Fitz [17J has shown that 
I a certain llacterium converts glycerin into ethyl 

■ alcohol, wliilst another converts it into butyl 

■ alcohol. Other Bacteria have been shown to 
I convert sugar into gum or into mnimite, pro- 
1 ducing the so-called ‘ropy fermentation* of 
; syrups, wine, and beer. Urea is converted into 
' carbomito of ammonia, hippurin acid into 

benzoic ucld and glycocoll. Albumens are 
i broken down into bodies wliich have not been 


trail's in soil, of iir( tic acid in vinegar fnclorifs, 
and the nmnife dution qf^U'dit "- thopliospliores- 
Ceiice - of decaying"-.,.uOTics, and other organic ; 
refuse. I 

The chemical nalureof the suhstan^es which 
are thus priniuced, the by-]U'oducts which ac¬ 
company tlii’iii, ami (he nature of the processes 
by which they are originatod, have not yet formed 
the subjiet of chemical investigation to any 
large exlent. Siieh knowledge ns wo have is 
due to I’asteur to Fitz [17], and ono or two 
others. 

it seems probable that wo may distinguish 
amongst thesr results those which are due (o 
synthesis, by tho Bacterium noting on lower 
oompounds taken into its substance, and those , 
which are due to analysis resulting from tho i 
action ol fernu'nts and other agents secreted by ; 
tho Bacteria and acting on surrounding malorial 
of a high degree of chemical complexity. Of 
tlio nature ^ these fermen^p wo know nothing; 
their cxislenoo is hypothetical but highly pro¬ 
bable. To tho first category belong certainly 
many of tho brilliant pigments which tho Bac¬ 
teria pri>duoe; in most oases these pigments aro 
•olublo and pass out from the protoplasm into 
the aurrouuding water. In Bacterium rubrscens 
Uie wine-red pigment is not soluble, and remaiua 
where it is luanufacturcil in the cells of tho 
vlooi. The remarkable smolling substances 
fomed by putrescent Bacteria also belong to 
this gixmp of built-up products, and it is pro¬ 
bable that the poisonous produots of some 
Mthogenous Bacteria, though not of all, are thus 
waborated. The ohiol experimental reason 
which we have for concluding that those bodies 
ftic built up by the Bacterium from lower com- 


drtoiTuinod in many cases, but include tho 
jitoniai'nos, nenridinc, and trimetliylvinyl-am- 
inonium hydrate. Various Bacteria as well as 
the specitio J). lactici, produce small quantities 
of budic acid from various Bubstancos, siiclt as 
grape-sugar, milk sugar, and glycerin, whilst 
posses>iing other fermeut-produeing action also. 
Butyric acid is frequently produced in tliosc 
processes by otlier Bacteria as well as by the 
Jj. butyiicum of cheese-factories. Kxact know- 
ledgo is, however, sadly deficient in these 
! matters, owing to tho fact tiuit hithcrtocliemistB 
luivc not been careful to ascertain what species 
of Bacterium is present in tho fermontationa 
studied by them. Owing to this we do not yet 
know whether in dilTercnt nourishing fluids and 
unuor ditlerent conditions of access of oxygen 
(tnd of hunperature, the sowe Bactuiium can 
produce different fermentations, fcjuch know¬ 
ledge as wo have tends to a positive answer to 
tlie above question. One of tho best rcsearobes 
with a known Bpccies of Bacterium is that of 
Vandevoldc[l8],on tho )\ay bacillus (B. subtile). 

ijinoo it is probable that there is this change 
of chemical activity under changed conditions, 
it is also probable that a Bacterium which is 
harmless under ordinary conditions of growth 
may, when specially cultivated in albuminous 
media, acquire the property of living in the 
animal body as a parasite, and there cause 
deadly disoaa^by its fermentative action, or by the 
secretion of poisonous products. Buchner [19], 
starting from this theoretical consideration, hat 
endeavoured to produce ilie deadly 27. anthracit 
of splenio fever from tho hay baciiluB (B. m&fift), 
and conversely to restore the parasitic form n 
j cultivation to the primitive state. His expeti* 
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It li ^flloalt to hu4td ft gueu to whfttiMr 
thft polsonoaa effects of ftoj giTen Bsoterioia 
pTOTM to be eonoerned in the production of 
cUsease, are doe to the secrotion of a poison by 
the Bacterium or to the production of one by its 
fermentative action upon Uio constituents of tho 
blood, tissues, or intestinal contents. The che¬ 
mical theory of the antidotal action of inoculation 
with various 'vaccine* cultivations, which is 
that favoured by their chief discoverer and in¬ 
vestigator, M. I’asteur, would seem to involve 
tho hypothesis that whilst the <'lTo<:tivo poison 
U a secretion of theJiacUTium, the antidotal 
material is a chemical comt>ound resulting from 
the formentativo action of the Bacterium, quito 
distinct from tho poison. Tliis fermentation- 
product by its ottcumulation inhibits tho de¬ 
velopment of the Bacterium as alcohol inhibits 
the further growth of tlie yeast plant by tho 
fermentative ac!‘''n of which it has been forme*!. 
The phagocyte theory of Metschnikow [20j in re¬ 
lation to preventive inoculation docs not involve 
this distinction (see below). 

Tho oxidising action of Bacteria must be 
considered merely us a special form of their 
fermcnlativo action. By tho hitler they proiluco 
intcrinciliato chemical substances which are 
readily oxidised by tho free atmospheric oxygen. 
It is probably thus that acctilication proceeds 
when ii. aaii converts ethylic alcohol into 
vinegar or when organic nitrogenous bodies and 
ammonia in tho soil arc converted into nitrites 
and nitniles. There is no evidence of a specific 
oxidising action on the part of tiie Bacterium. 
Tho phospliorescent Bubstanee produced in stale 
fish, old bones, meat, d;c., under certain con¬ 
ditions by certain Bacteria (as yet not precisely 
determined) may be regarded us an example of 
one of these intermediate oxidisablc substances. 
The oxidation in this case is accompanied by tho 
•volution of light. 

Special Study of the Occurrence and Bis- 
tribution of Bacteria in the Atmosphere and in 
Potable Waters.— The ubiquity of Bacteria has 
been demonstrated by the use of sterilised nutri¬ 
ent fluids. If such a fluid be touched by a glass 
rod or by tho finger or by any surfai'c notchtmii- 
•ally cleansed, Bacteria arc conveyed into the fluid 
and multiply there with enormous rapidity. 
Gelatin has been used as a means of sttulying 
the number of Bacteria pre.scn t in the atinuspliere 
or in a sample of water (c, I'ercy Franklaiid's re¬ 
searches [21j). However modified, tho process is 
essentially this : a given volume of air is passi*d 
through a liijuid so as to arrest all Bacteria pre¬ 
viously floating in tire air. The liquid is then 
mixed with gelatin, warmed to liquefy th<^ gela¬ 
tin, and rapi4ily cooled as a thin layer on a plate. 
The Bacteria develop at various separate |>oints 
to the gelatin, giving rise to spherical growtlis 
or nests. These are then counted, and the 
q;>ecics present may bo discriniinaUd by further 
OuUivation. Where water is tho subject of in¬ 
vestigation the gelatin is directly mixed w'itb a 
given volume of the water. The results thus 
obtained have only a subordinate value from the 
point of view of the hygienist. Tho majority 
of Bacteria are ]>crfoct!y innocoous, and their 
proenc* is not— as has been too readily m- 


ol ^^kuogUtls BMtoa Ko «Mh oaliiM tlt» 
dstion of pktho^nio and innoouoaa Baoterla la 
definita proportion, ha, been asoertained, and 
its assumption is not warranted. It ii necessary 
in all cases, if the results are to have hygienio 
value, to distinguish Uie kinds or spoeies of 
Bacteria present and to ascorfain their proper- 
! tics. Further, it is quite certain Omt all speoiM 
I of Bacteria will not flnurisii in gelatin even 
when mixed with peptonp or such bodies. For 
instance, one of the must iniptulunt pathogeoio 
Bacteria --that coneerm-tl in tubcvcularconsnmp- 
lioti—will notdii so. A sjurial pabulum la needed 
for tins Bartcrium, and its i>roson*’e wi»uld not 
bo indicated by the ordinary gelatin cultiva¬ 
tion of the contents of a given volume of air. 

; llencu it s«‘ems necessary that in n<blition to 
careful discrimination (>f tho Bacteria nblained 
by such exj>criments on atniosplieric and aqiiatio 
' distribution, there should be a HyKtemulic uso of 
various Ckiltivnting me*liii for tho piirposo of 
I demon.stratiiig tho presence of various kinds of 
j Bacteria. No doubt many kinds cun be soourod 
by tho peptonised gelatin method, but if tha 
I results of such studies oi'e to have any qualitativa 
I liygienio significance, other cultivating media 
i must bo simultaneously nmdu use of. All tha 
j work at present done on this Bubji>ot roquiraa 
. doing afresh from this point of view, 
i Special Study of Pathogenic Bacteria.—A 
I largo number of most important obsorvatioilS 
have been made of late years by pathologists-— 

‘ esiwcially by liister, Pastoiir, Kocli, Klein, and 
their pupils—demonstrating not only tha 
; presence of Bacteria in tho blooil and tissues of 
i man and other in a state of 

I disease, but alSvi voig Krtt certain number of 
cases tliat tho B&cVeria are tho cause of speoiflo 
j disease.* The proof, which is salVicionl, aud has 
been furnished in a liinite*! number of instances, 
consists in—1. Tho constant presenco of a 
I dotinito form of BactiTium in tho diseased 
; animal and in the specially-diseasod parts of it. 

2. Its successful removal from tho diseased 
animal, and its ])uro cultivation on media froa 
i from all contamination by particles of tho dis* 

; oasedanimal.-D. Theex|x'rimcnlal introduction 
of tho cultivated Bacterium into the body of ft 
' healthy anima' liable to the disease in questtCMI 
but free from i^— i. Tiio Kiibseijueiit dovelo^ 
nient of tho diKcase in tlie inoculated animal* 
This proof lias been fiirrti.shcd in regard to tha 
; coniiecUon of B. anthriiris with sjib'uic fovor 
in cattle and slieop, and inuligmuit piistulo in 
man ; in n>gard to /!. tuOi’rcuh.Ha'Stui consump-*, 
tion or phthisis in man and animals ; in regai^ 

: to Jf. cfiolerm f/alHwe and the cholera of fowlft; 

; in regar<l to Micrococcus crygipeUiiosun and ory- 
' sipelasof man; in regard to certain Bacteria and 
stqdiciomic and pyti.nii*: conditions in rats, mios, 

J rabbits, an<l birds; and in regard to some other 
diseases of animals. Htich a connection ii 
i strongly suspected, but not yet proved in tha 
' complete manner formulat*^ *! aliove in regard to 
! certain observed BueWriaor Micrococci, and ^ 

: followingdiscases,vii!.small-pox,scarlatina,dipli* ..; 
I thcria, typlioid fever, cholera a*<iatica, malana, 

. yellow-fever, gonorrhesa, <te. The tirst deflnito 
rcscarclicB in this direction, which were immildi* 
j alcly accompanied by pi-actical results of anor- 
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in eroirded bonpitali ntter eurgiosl operations | attack and feed npoa Basteiia trhiob are malttr 
wu due to the access of Bacteria to the wounds ! plying in the blood and tissues. This propertjl' 
wtisrc they multiplied ami tiiaruifi&r'ttircMl poison- i of tho white corpuscles leads Hetsohnikow to 
oui products (sftpsino, ptomaines?) wliiidi wore i term thorn * phagocytes,' and, according to hil&i 
absorhed into tho blood. IsL-iter udoptod moa- preventive inoculation depends for its eilioacy 
•uros for preventing the aceei^s of these llactcria, on tho fact that, having Icamt to resist and 
chiefly by the use of phemd and great cleanliness destroy a weaker modification of a pathogenous 
in instruments, dressings, d*e., and thus cstab- Ihielerinin, they are able to deal subsequently 
llshed the antiseptic sjyilem of surgery. ; with the more virulent variety; whilst it has 

It is n inarkablo that tl»c researeljes wliich h-en suggested that in the struggle between tho 


have b(ien iua<le on the rolatlun of ihiulena to 
disease have boon mostly of a purely empirical 
charuebo'. Almost tlu; only investigator who has 
carried the matter further (uiul witli the luorit 
brilliant result;;) is the French chemist Fasleur. 
The (act is that tho qm-slion an to what tho 
Bacteria do aftor ortmirig un animal hoily is, 
like thu question of their action on substances 
externa! to the body, essfUilinlly a chonical one. 
Following up tho observations of Tnussaint, 
J’uRteur |‘J2J was hsl to llio discovery that the 
JJuiii'num ((■n/hracis when cultivated in brotii 
could ho made to aastmio a condition in which 
its virnhuice was greatly diminished. Neverthe¬ 
less when intriidtjc;ed into tlu^ li.s.sues of a sheep, 
the cultivated Ihictcriiim multiplied, and us a 
conseqneiiff! of its growth rendered tho Kliecp 
so tn-ated resi'daiit to tho attacks of tho virulent 
llacl'Tium anthrafUH taken from another aniinars 

bloovj. 

It was known that an animal which had 
survived an attack of tho viruh.mt 7?. anthmeis 
was Ihemhy ron.hn-ed ‘immuno* to suhseejuent ! 
attacks, just as one attack of Kinallqjo.K nnidors 
its survivor ‘ iiumuij ^;^ inffwi >! to that disease. 
Fasleurconceived tlu^ theory that tho Bacterium 
causing the flist»aso in all such casos nroflucos 
as a by-proiluct-independent of its'specific 
poifloQ -a cliemical Huh.^lanco which inhibits its 
lorthcr growth (us in tho ease of tho alcoliol 
pr^iicod by tlio yeast-plant) and that this 
■ubstanoo remaining in the animal body pro¬ 
tect* it from being tho snit of further growtli 
of the pathogenic Itactorimn. Tho modified cul- 
kivatad variety of U. antliracia equally ju'oduces 
khii eubstani'o, and consoquonlly acta as a pro¬ 
tective against tho incursions of tho virulent 
lorm. Similarly cow-poi is to ho regarded as 
m result of tho growth of a meililied small-pox 
Uiorocoooue, and tlius the pndectivc effects of 
pooulation with cow-pox are to ho explained. 
Implying this conee])tion I’astour has succesa- 
tolly protoctyli/.nvls against fowl-oliolera, and 
aas boon led to his g^calcst^ triumph, tho pro¬ 
tection bv inoculation against rabioa and tho 
luoflcssful tn'utnumt of iiorsons bitton by rabid 
logs. 

It is oxtrenudy interesting and important to i 
>bscrve that tho disoovorios which have been 
node 111 this subject are duo to chemical con- 
options* Novorlhcless there is much prol^- | 
iiUw in the view put forward by Motschnikow 
% distinguished zoologist, now director of tho 
woteriologiciil Institute of Odessa) to the offoot; 
Aak protective inoculation doos not depend ui>on 
»t development within tho inoculated animal' 
If ^mrcuohial poison, resulting from the growth 
» tee very germ which is killed or inhibited by 
iiAl |khsou, but is rather due to the education i 
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plmgocyt«;8 and the inoculated nnidified Bacteria, 
then; must bo a survival of the fittest and a 
‘ consequent strengthening of the later generations 
of phagocytes in tlio protected animal, 
i However tins may bo, it is obvious that both 
the direct study of tlie chemical history of 
pathogenic Bacteria and the indirect suggestions 
derived from further knowledge of the chemical 
I history of Bacteria of all kinds, aro of an im- 
: portanco to human life andlu'^cWi which cannot 
I bo ovor-ostimated. 

1 In connet-iion witli tho study of the patho- 
■ genic Jtactoria wliich attack man,it is necessary 
i to insist that at present no one has attempted 
to determino the various kinds of Bacteria 
; which are normally present on tho surface of 
tho human body, in the moutli, stomach, and 
intestines. There appear to be twelve or more 
present in tho healtliy human moutli (y. Vignal, 
[2.‘1J). So strangely has this matter been neg¬ 
lected that Kocli of Berlin was ignorant, whoa 
ho discovered tlio so-called 'comma-bucillus * in 
tho intestines of choleraic subjects in India, 
that an identical form occurs in tho healtliy 
human mouth, as shown by Lt'wis [24]. 

Spontaneous generation or abiogenesit.— 
Twenty years ago experiments and observationx 
were brought forward by various more or less 
comiietent observers j2o] which were intcriirsrted 
ns proving the sudden formation of Bacteria aa 
living things in fluids containing the elements of 
protoplasm where no germ or living thing pre¬ 
viously oxistod. It is sulhcient to say licro that 
theso views had a valuable elTecl in stimulating 
the investigation of tho life-conditions and acti¬ 
vities of tho Bacteria, but have l>cen definitely 
proved to bo erroneous and to have arisen from 
the imporfoot state of knowledge as to the 
ubiquity of Bacteria and tho power to resist 
tho destructive effect of boiling water possessed 
by the sporet of Bacterium subtile—the hay 
bacillus. 

Conolnsioa.—An endless field of investiga¬ 
tion is open in connection with the Bacteria. 
It seems certain that in the near future we shall 
be able to control the disease-producing forms, 
whiiat tlie suggestion presses itself that it may 
be pi^sible to cultivate and intensify the activi¬ 
ties of thost which act as scaveugera and even 
to lead some by appropriate methods to the 
acquirement of new powers, or to the develop 
ment of activities at present scarcely recognis^ 
There is no re|iaon. from the point of view of the 
biologist, why these lowest plants should not ba 
cultivated and specialised as breeds and varieties 
for tho service of mankind, as the peach and tht 
strawberry, the wheat and the cabbage hava 
bceo. 
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B4SBAL01N r. Ai.oi?{. y. 140. 
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, !>'ivni;-o;:--d by boiling milk of lime into CO| 

' and (8i-oivin. 
j BAUBITUBIC ACID 

j C,II,NA «. CIL<“;1JI|>C0. 
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Jl -SO, (3 or 4 pts.) at iOO ' as long as SO^OOmot 
; oif. 'I’in- pvtnlucl is j)onred into water. 

7V.<;u7/.Vn. Trinietric prisms (containing 
2n.l) fioin wjitt'r. SI. sol. cold, v. sol. hot, 
wat'T. 

/>V<a7;V>a.<t.—1. Boiling potash forms 

m.iloTiiouiid and urea (CtV.andNH.,,). - 2. HNOj 
ferms nitro-harhilnrio (dilituric) aeid. -8. KKO,i 
1 •rnis nituiso h;iihituric (violuric) acid.-4. Br 
f.ivne; di-hrotnodjarbilurio acid.—5. Heated with 
j ju it fovmji^diba^iturio acid, urea, aad , 

' aiunifwnim! tinilonm?nIfP^*5. Cyanoijen fornu a 
' oojiipniind C.U^N/lACNljaq, wlnmco potash 
! foi in i ••yanuromalic acid.* 
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I’hA". Ci>ll,A'Vlaq.-^AKlIA".--Ag.,A''. 
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BALAKC2 V. An.vlybm. 

BALATA. A substance resembling caoutchouc 
and gutta-percha, obtained from tlie dried milky 
iaice of the Bully-tree (6'(ij)ofa Muelleri] (Sper¬ 
ling, Z. [2] 6. 480). 

BAL8AX. This term was originally con- 


froni urea, mulonio acid, and POCl,. Powdsrt 
.‘■ui. liot water. 

Di-methyl derivativest—l. Malon/fi- 
ilimelhyl-urm CO<^!J}"c”>CHr [198*3. 
rrom malonic^id, di-mctliyl-urea and POIm OT 
from di.im iityT-nnfa and cyano-aeetyl chlon^ 
CN.CII^.CO.Cl (Mulder, li. 12, 4(50). Flit 
noodles, V. sol. water. Forms a di-bromo-d«KjU 

vativo [nS^-lKO']. _ 

11. Dianethyl iiuilonyUupSS"^ 

From illTar 


co4aa!>cM«,- 


[205'’J. 

biturato and Mol (Conrad a. Quthsselt, B, 
]<i43) or from di-mebiiyl-malouio acid, ur«a« 
POCI, (Thorne, C. J. 89, 645). Plates 
water), y. si. soi. cold water. Bolling 


fined to a single substance called Balm of Oilead I fonns di-methyl-nialonic acid. 


or Balsam of Judea, but is now employed gene¬ 
rally to denote any liquid resin with aromatic 
odour. They are composed of solid resins 
mixed with essential oils. Balsams of Peru, 
Tolu. Liquidambar, and Storax, contain cinna- 
uie acid; Copaiba balsam, Mecca balsam, and 
tarpentine, do not. 

BABABABIC AOXD «. PaiuoAsac acw. 


Salt.—Ag;A"iaq. 


I Ethyl derivative 
I [190'^h From ethyl-malonic acid, POC3«, 
urea. Gives a bromo-derivalive. ; 

JDt-etb^I dertcottve 
i [182*1. From silver borbiturato ud EU. 






JB0*»gt44r^!HtiV4 

CK)<^g;^>DH.OH^. cawn. From I 

tosjl'Duloiuo acid, POOl,, and area. 

Additwnal liefereneeB.--^fin(ik, A, 132, 304; 
Baeyer^ A. 130, 136; Conrad a. Guthzeit, B, 
14,1648; 15.2M44. 

Di'barbiturio acid OaH^N^O^. Tlio ammo- 
flloin saU is formed by heating barbiturio acid 
with glycerin at 150^. The acid is an insolublo 
powder; it gives a di>bromo- derivative. 

Halts. —N H,nA".—Na-^A" 2a«i. — KHA" a:aq 
(Baeyor, A. 130.146). 

BABIVIC. iia. At. w. 136 8. Mol. w. un- 
known, as V.D. not determined. Very little 
known of properties; doubtful if approximately 
pure Ba has yet been obtained. B.G. abt. 3'6'4 
(sinki in 11,80,). S.V.8. abt. 36-6. Chief 

linos in spectrum are 6H50, 6638, 4034, 4563, 
8140 (Huggins, T, 154,130). 

OMurrence.—Hui as metal; chiefly as 8ul> 
phate {htavtj spar), and carbonate {witfteriic) ; 
also as silioutu in combiiiatiun with silicates of 
Sr, K, or Al, and as oxido in combination with 
oxide of Mil. Ba compounds occur in many 
mineral waters; in the ashes of certain plants 
jEokart, A. 100, 204); and in small quantities 
ID sea water (Dieulafait, A. Oh. [6J 16, 640). 

Formation.—An amalgam of Ba and Hg is 
prepared in several ways:— (a) by electrolysing 
BaCl, mixed with a little very dilute HGlAq, 
using an amalgamated Pt wire as negative 
electrode (Bunsen, A. 02, 248); (6) by electro* | 
lysing moist BnO using lig and Pt as electrodes ; 
(Davy, T. 1808. 303); (c) by bringing hot BaO I 
or BaCl, into contact with vapour of K, and 
treating the product wUmim^by heating BaO | 
with Na and treatiiflf^tlTTlg (KerV C. N. 31, • 
844) ; (d) by the action of Na amalgam on oonc. 1 
warm BuCI,Aq (Crookes, C. N. 0, IW). By ! 
heating Ba amalgam iu an atmosjihcre of II, or ; 
of hydrocarbon vapours, metallic Ba was sup* | 
posed to be obtained; but Donalli (B. 12, 715) ! 
assorts that it is impossible to remove all the 
Hg even at a white beat, and tliat the residue 
oontains as much as 62 to 77 p.c. Hg. 

Brejxiratum.- By electrolysis of fused BaCl, 
mixed with NH,CI, in a porcelain crucible in an 
atmcMBplioro of H; the positive electrode con- 
tilting of a cylinder of coke, the negative of an 
iron wire (Matthiessen, C. J. 

Propf rtii's ami hVac/mns.—It is very doubt¬ 
ful whether the properties enumerated by 
difforfuit ohomisls as characteristic of Ba were 
determined by oxneriments made on even 
approxiniatclypiire metal. described Ba 

as liWer.white; Bunsen and Matthiessen as a 
golden yellow, slightly lustrous, somcwlmt 
malleable, metal, which molts at a rod heat, but 
cannot be disUilod. It is very easily oxidised, 
deooninoses cold 11,0 readily, and burns in the 
exyhydrogen flame. As no gaseous compounds 
of Ba have as yet boon obtained, and us the 
\ ipeo. heat of the metal has not been dotermined, 
the value to bo given to its atomic weight, the 
•ombiniug weight or equivalent having been 
detttmined, is arrived at chiefly by considering 
the analogies between the compounds of Ba and 
tiiMe of other allied elements, chiefly Ca, Sr, 
Vg, Za, and Od. These analogies lead to the 
muahe BaX and BaT, tor the compounds of 


NO„OtOtA&{ ibelk compMudi b«loa| »^e 

lerieiu valency of the atom of Ba In gateooi' 

moleoolei it onknown. That the atomic weight 
of Ba is represented b;^ a number the moit 
probable value of which is about 136*8, provided 
the composition of the Ba compounds is ex¬ 
pressed by the general formula BaX„ where X «■ 
a monovalent atom or group of atoms, was estab¬ 
lished chiefly by analyses of barium chloride con¬ 
ducted by Marignao {A. 08, 216; 106,166) and 
Dumas {A. Oh. [3J 65,137). Ba reactsasastrongly 
jKisitive metal; the salts obtained by replacing 
11 of acids by Ba are stable and well marked; 
BaO and BaOJI,, BaS and BaS,H,. exhibit no 
acidic characters; BaO,H.,is distinctly alkaline, 
its heat of neutralisation is the same as that of 
80(laandpi>tash(Y7;.l,332)rBaOH-'Aq,H-SO*Aq] 
-31,150; [BaO-TDAq, 2HClAq]« 27,640. Ba 
combines with 0 and the halogens with produc¬ 
tion of much heat and formation of very stable 
compounds:—(Ba,03 = abt. l^t^OO; [Ba,Cl^ 

«194,700; [Ba,Br»j -170,000 {Th, 3, 266); 
these numbers are approximate only; they were 
determined indirectly, except that for BaO, but 
the Ba used was not free from llg. Barium is 
very clo.soly related to Ca and Sr, and less closely 
to Mg (ii. art. Alralikr Earths, M£taj.s op the). 

Baryta was obtained by Scheele in 1774 from 
heavy spar ; Davy in 1808 decomposed baryta 
by electrolysis ; the metal was obtained approxi¬ 
mately pure in 1856 by Bunsen and Matthiessen. 

Combinations. —Very few compounds of Ba 
have been formed directly from the metal. It 
forms alloys with a few metals; that with 
mercury (u. supra, Formation) is a silver-white 
)>ody whicli rapidly decomposes water and cannot 
lie separated into Ba and llg by heat alone. 
Bekotott (A. 110, 375^ obtained an alloy with 
aluminium, as a greyish solid with a tinge of 
yellow, by heating Al with BaO,!!, and a little 
BaCl,; it decomposed H,0 rapidly, but the water 
did not acquire an alkaline reaction. Caron 
described alloys of Ba with lead, bismuth, anti¬ 
mony, ci'C., obtained by the action of alloys of 
these metals with Na on molten Bad, (.4. Ill, 
114). 

Detection. —Many salts of Ba are soluble 
in water; some are insoluble; aqueous solutions 
of Ba salts are ppd. by cono. IlCIAq or cone. 
UNOgAq. Insoluble Ba salts arc decoinpused 
^ by fusion with alkaline carbonates, giving BuCO, 

I which dissolves in dilute aolds. Fusible salts 
I of Ba impart a pale yollowish-greon colour to 
' the non-Iuminous flame; the colour appears 
blue-grcen through a green glass. The emission- 
spectrum of Ba is characteristic; it oontains very 
■ many lines in the green ; about mgm. Ba 
may ba detected by the spectroscope. DiluU 
, sulphuric acid, or a dilute aqueous solution of 
I siilphales, ppt. white BaSO^, insoluble in 
alkalis and dilute aolds; 1 part Ba.2NO, in 
100,000 parts of water gives an immediate 
! pp.; one part in 400,000 gives a cloudiness on 
standing. By this reaction Ba salts are dig- 
; tingnished from Ca salts, and to some extent 
from salts of Sr. 

Fstitmtion. —1. Bais usually determined as 
BaSOf, which is ppd. from fairly oono. solutions, 
containing a little HCl or HNO„ by dilate 
H,SOtAq, the pp. is eolleoted, washed* 






m itiiiwtfy tniiiit. titfiiti'' ’'tt'idit 

at 01 inniini, 0*804 mif t* NUOTai bm 
Om np.liirloag mahlng with toit diloto HCUii, 
at >7 dii^lngvithNajSxOf/lq (Dlahl, J.o’. 79, 
5?). vbioh di^lyes CaSOi bat not BaS 04 . 

PbSO^i if present, maj be remoyed from the 
pp. by washing with solution of potash, or of 
unmonium tartrate.—2. In presence of salts of 
Oa and Sr, Ba is best estimated as BaSiF«, which 
!i ppd. by freshly prepared Il^iF^Aq, followed 
by alcohol: after standing 12 hours, the pp. is 
OoUected, washed with a mixture of equal 
Tolames of alcohol and water, dried atlOO*’,and 
weighed (v. also Rose, P. 05, 28G, 200, 427). 

Barinis, alloys of, v. BamuM; Co»i5i>in* 
tioru. 

Barium, antimonates of, v. axtrionates, 
nnder Amtiuont, acids or. 

Barium, arsenates of, v. arsenatss, under 
Absenio, acids of. 

^rium, arseuites of, v. amemitsb, under 
Absenio, acids or., 

Barium, bromide of. BaBrg. Mol. w. un< 
known, as compound has not been gasified, 
[abt. 812®) (Carnelloy, C. J. 33,280). 8.0. 4 23 
(Schiff, A. 108, 21). U.P. [Ba.Br*]«100,960; 
[Ba,Br-,Aq)«-174,940 {Th. 3, 206). 

Fortnation.-—!, By acting on BaO^H, or 
BaS, with IlBrAq.~2. By ^ding Ba 8 to an 
aqueous solution of Br.- 3. Along with BaBrO,, 
by the action of Br on BaOjH^Aq. 

Preparation. —Aqueous HBr is neutralised 
by pure BaCO,, the liquid is boiled down and 
allowed to crystallise, and the crystals of 
BaBr 2 . 2 Ii 30 are heated in a stream of dry air to 
100 ®. 

Properties and Peacfiotts.—Crystallises with 
2 H 3 O in white trimetric plates (Uammolsberg, i’. 
55,237); according to Hauer {J.pr. 80,230) and 
Werther (ibid. 01,107) the crystals are mono, 
clinic; the hydrated salt is perhaps dimorphous. 
H.F. [BaUrViH'Oj« 0,110, [Ba.BrViH-OJ - 
179,070 {Th. 3, 200). Heated to 75®. 
BaBr 2 .H 20 remains, and at 100® BaBr, is 
obtained. The hydrate BaBr^.OH^O is soluble 
in water. S. (0®) 08; (20®) 104; (40-1 114; 
(60®) 123; (80^) 135; (100®) 140. It is also 
easily soluble in alcohol. H.G. 3*00 (HchifF, A. 
108, 21 ). BaBr^ is complexly decomjiosed by 


*in T.mnkn. rtr) (Hi 

7.000 {Th. 8. soa]. OB. (rab. abt. 15«.900^) 

r K)548 (PUytdr a. Joole^ 0. J. 1,181> 

Pormnfton.—1. By the action of Cl on hot 
BaO (Weber, P, 112, 619).—9. By passing HCl 
over not BaO; light Is evolved as well as lieat: 
or by adding cone. HOlAq to BaO. boiling down, 
and drying at 100\—8. By dissolving BaS ia 
cone. liClAq, boiling down, and diying at 100^ 
Preparation.—l. Powdyr»'d ti'ii^rite (BaCO«) 
is added little by little to*HUlAq: the solution 
is digested in absence of air with more BaC0« 
(to remove iron, ^ 0 .), and is then poured off, 
evaporated to dryness, and the residue heated to 
100® for some time.—2. Two parts of finely 
powdered heavy spar (BaSO,) are luMifod in a 
crucible to redness with 1 part dry Ca('L and 2 
parts iron filings; the fused mass is iligcBted 
for a short time with 0-8 parts boiling water 
(by long digestion BaS 04 and Ou(d, arc ro- 
formed), the liquid is filtered from VoH, CaH, and 
undecomposed BaSO^, made slightly acid by 
JlClAq, and evaporated to drpcKs at 100®.— 
3. The solution of MnCl, which is obtained in 
making Cl from MnO^ is neutralised by BaCO| 
or CaCO, and evaporated to dryness; the residue 
is heated with heavy spar and coal; the mass ie 
lixiviated (MnS, FeS, and some BaSO, roinain)( 
the liquid is treated with a little MnCl^Aa to 
decom]>o8e any BaS present, IlClAi} is adde^' 
and the whole is evaporated to dryness (Euhl« 
mann, C. Ti. 47, 403, 404. 074). 

i^ro/vritei.—White salt, easily soluble in 
water, (;BaCl%AqJ» 2,070 {Tk. 3. 200); slightly 
soluble in alcohol (v. stipra ); solution has A 
bitter taste and^i|il^jg(g|^a^ Melts at rod heat 
and cools^|An opacpio ina^ 

Jteactlofis. — 1. Heated in steam, HOI ii 
evolved, #nd lesiduo has an alkaline reaction.— 
2. Partly oxidised by fusion with pohissmm 
chlorate, but unchanged by heating in dry 
oj:ijgi'n (Schulze, J. pr. [2] 21, 407).—8. Com* 
pk'tely decomposed by fusion with .•iilivatee. 

Combinations.—1. Cone, solution of BaOL 
mixed with cone. BaOA>| pps. thin transparent 
plates of BaCl3.Ba0.5H,O («BaClOlLOII^O) 
(Bcchinann, J. pr. [2J 20, .'1H8, 474),—2. Com. 
bines with water with pro<luction of hoati 
fBaCP.2n<>]«7,000, to form the hydrata 


heating to redness m dry 0 (Schulze, J.jyr. [2] | ]J^cl.,.211,0. Tliw hydruto crystallises in white 


21, 407). When cono. aqueous solutions of 
BaBr, and BaO are mixed so that the salts ard 
present in the ratio BaBr,.:BaO, crystals of 
Bi3r3.Ba0.5H,0 (=» BaBr01I.2Il-,0) separate 
out (Beohinann, J. pr. [2J 26, 388 and 474). 

Barium bromide, hydrated, v. Barium, dro- 
Mzdeof; Preparation.^ 

Barium, chloride of. BaCl.^. Mol. w. iin> 
known, as compound has not been gasified, 
[sbt 800®, Carnclleyj. 8.G. 3*75-3-80 fSchroder, 
P. 107, 113). 8.H. (lfi®-47®) *0002 (Kopp, T. 
155, 71); (l4®-98®) *0890 (llcgnault, A. Ck. [3J 
1,120). 8. (5®) 32*2; (30®) 38*2 ; (60®) 43*0; 
(80®)52*4; ( 100 ®) 58*8 (Mulder; v. Michoelis’ 
Lehrbuch dcr Anorgan. Chem. 3, ^10). *8. (al¬ 
cohol 90 p.c.: 14®) ‘OX; (alcohol at B.P.) *00 
(Fresenius, A. 59, 127), H.F, [Ba,ClT 
194,740; [Ba.CP.Aq] *• 100.810 (Thomsen). The 
following data apply to the hydrate BaCl 3 . 2 H 30 * 


flat trimolric plates, which are not oOloresceni; 
they lose at 100®, but take it up again in 
moist air. A cono. solution is d<■c^>Ilipobod to 
Ba.2M(), and NuCl by }iea1ingiinitellEb'a*’^^V 

Barium chloride, hydrated, v. lUaiuu, 
ciii/ 0 «ji»K of; Co7nhliuiti>tiift, Ko. 2. 

Barium, cyanide of. Bii(CN).. Obtained 
by action of HCNAq on BaO^Ik (r. Cyanides). 

Barium, fluochloridc of. Bal'd {v. Bauium, 
FLUORIDE of). 

Barium, fluoride of. BaF^ Mo), w. un¬ 
known, as compound has not been gasified* 
[abt. 008®J (Garnclley, C. J. 33, 280). B.(K 
hi 4*58 (Bddcker). 

Pre^ration.-^-l, By ppg. Ba2NO,Aq by 
NaFAq.—2. By the action of HFAq on BauAq, , 
I or on freshly ppd. BaCO,, and evaporating. The 
i former action is attended with the produraon of 
much heat; Qiintz {A. Ch. [OJ 3, 5) give#. 


8*a 8*052 (Schift, A. 108,21). 8.a (18®-4G®) j the values [BaOAq, 2UFAal - 84,800 1 



{jbi/^,an»nm {mhu Btr,» 

if MtioB of gueooi HP on solid Bs0.9]J. 

and JiM£(ions.^Wbite, finelA 
gnuBolar, orystals; soarooly solablo in waierr 
rot easily in HNO^Aq, UOlAq, and HFAq. Nor 
deeompoflod by boat alone. | 

CofttbuuUuytis. -1. With BaGl2 to form | 
BaF,.BaCl2( MuKCl); obtained by Bd<ling j 
NH,Aq to a soliition of BaP^ in HClAq ; also by 
faaing 1 part NaP with C-8 parts BaCL, and j 
digesting wth water* also by adding KPAq to 
BaCLAq and evaporating. Forma whitegranulav 
erystais, more soluble in water than BaF;: 
partly deconipoaod, with loss of BaCl., by lotif • 
continued washing with wator.--2. With BF, W 
fonn BabV2Bt<V2H,0 (- Bu(BF,)r<^HP) I 
tained by acting on BaCO, with and ! 

evaporating; borioacid separates,and afterwards ' 
tlie double salt (v. iionosjxouioKB under Bokom, | 
muooniUK ok). With SiF, to form BaF,..SiF4 ' 
(wBaSIF,.); obtained by ad«ling II^SiF^Atj to a | 
solution of a lla salt. White solid, very slightly i 
soluble in eobl water 8.(17'’) ‘Od-and only! 
slightly soluble in ildl.^q. H.fh 4'2i4. Beaves I 
IJaFj when lieatcMl; boated with NII^CI gives' 
residue of Bafll.^ (Stolba, J. }>r, {Ml, 22) (n. ' 
giMUoiri,rouinKs, umlt^r Hilico.v, JxnouiUB op). 

Barium, hydroxide of. BaO.Jl^ (Cau.s/ic 
bar^ia). *Mol. w. unknown, as compound 
has not b«'en gnsilied. 8.(1. (Filhol, 

A.CA.iai 21.11'.). S.{0’)l'r..(.'>’) l*7r>, (10'’)2-‘22, 
(ift^')2*8‘i,(20');}^ift,(2r>’) iaib(ao’).'id),(:jr/')<vi7, 
40'’)7*:mi. 0h‘‘)lhl3. (r.0)l]*75, (no') U-71, 
6O' )10-7(I, (do ’) 2107, {70^)31*», (7r»’) od S.'i, 
;80'’) IM)'77 (ItoHensthiol a, Kiildmann, J. 
1H70.211). H.F. [Ba, 0,n*0| -l id,oOO, value 
only ap|iroxiina^«fi**^fWK.',» 11*0] «s22,2d0 
(3Vi.«,2«ld). 

i'’o»'?«o/ioH.—1. By heating Iioavy^par with 
carbon, dissolving Ba8 formed in not water, 
Altering, adding CuO or ZnO to dcoomposo the 
BaS, lUtering, evaporating to dryness, and 
heating to redness (Miiller, J, pr. 82, 52; 
Btahlschmidt, J). 2\ J. 182, 30; Nickl^s, W, J. '■ 
1809. 271). 2. By heating Fo with 13a.2NOj to i 
redness, dissolving in water, hltering, evajK). ■ 
rating, and heating the residue.—.3. By the r 
aotton of steam on BaCO, (Lenoir, IK. J, 1867. I 
206 ). 

Prtparation.-l. Water is added little by 
little to BrtO {fi, i>.); the prdfluct is heated to 
4uU redness in a silver dish.—2. Aqueous 
solution of pure NaOM, 8.(K about 1*1 to 1-15, 
the qim'Ui»hof NnOH in which is accurately 
known, is 4!WK’«o’ to boiling, a quantity of 
nowdored Ba2N(X is adddfl equivalent to the 
NaOU used, the liquid is boiled for a little, if 
solution is not complete water is added, the hot 
liquid is filtered quickly and allowed to cool in a 
closed vessel when crystals of Ba03U,.6H.0 are 
deposited; these crystals arc separated, recrys- 
tallised from boiling water, and heated gra<iuaUy 
to redness in a silver dish (Mohr, Ar, PA, (2J 
88,38). 

Propf^t ties and Pmefions.—A white powder, 
dissolving in water (e.snpra) to form an alkaline, 
•austio, liquid; melts at a full red heat and 
wystallises on oooling; not decomposed by heat 
uroe, but by heating in a stream of air BaO 
8®“ lljP produced. Aqueous solution is 
vtartMly alkaline, and neutralises aMi<b with 


and NaOHA^ (3%^ nbt i 

Cl, except in presence Mtionisthenp^.. 

^bly 6BaOAq + 601,« SloaO^Aq ■¥ Bn(OLOj^k4r 
(Weisuerg, B. 12, 846). Is not actra on bj 
CO2 (Scheiblor, B. 19, 1973). 

Cotnbinations.—With water with prodaotioQ 
of heat [BaO^%8H*OJ« 27.470 (PA. 8, 266) to 
form crystals of BaO^Hs.BH^O (Beckmann, J.pr, 
[2] 26, 388, and 474; Filhol found 7Hp, Noad 
and others 911^0). (For preparation of these 
crystals v. supra.) Those ciyatals lose TH^O 
over tn vac«o, or by heating to 76°, and 
the oightli H.4O at a red heat; they dissolve in 
about 3 parts boiling water, and 20 parts water 
at 15°. The solution is attended with disap* 
]>eiirance of heat [Ba0'H''.8tI-0,Aq] =» -16,207 
(77i. 3, 263). Crystals of Ba0^2.ilj0 melt at 
83°-85° (Veloy, C. J. 49, 871). According to 
Bechinann {J. pr. [2j 26, 888 and 474) pure 
BaO is obtained by heating BaO.H2.8H.p in a 
stream of O. 

Barium, iodide of. Bal,. Mol. w. un¬ 
known, ns compound has not been gasified 
S.O. 41)2 (Filhol, A. Ch. [3] 21. 416). 
n.F. [Bft,I*.Aq]»14 l,.52() {Tk. 3, 266). 

Formation and Prqmra-tion. —Similar to 
methods for BaBr, (q. v.): also by action of 
gaseous HI on BaO. 

Properties and Rca^'tions. —A white, non- 
dcli<iucscont, solid; easily soluble in water or 
alcohol; not decomposed by heat in absence of 
air, ill prosonen of air BaO is formed and I 
evolved; wholly decompost-d by heating in 0 
(Schulze, J. pr. [2J 21, 407); aqueous solution 
absorbs CO.^ from air. 

Combinations. —1. W'itli ivatcr to form 
BaI...71LO (Croft, J. pr. 68, 402; Thomsen, B. 
10, 1313; Werther, J. pr. 91, 331, says the 
crystals are Bnlj.21lp). This hydrate forms 
needle-shaped crystals which deliquesce, with 
partial separation of T, in moist air, and melt 
on boating; heated in absence of air Baly 
remains, one HO is lost at 100°, 61^0 at 
125° and tho seventh Il.O at 150°. Thom¬ 
sen gives these data [Ba, P, 711*0] = 161,370; 
[BaP.TIPO.Aq] =-6,850.-2. With baryta to 
form BaO.BaL.6H,0( =BaIOH.2Il,0) (Beck¬ 
mann, J. pr. [2*] 2H, 888 and 474); this salt 
crystallises from a mixture of cone, solutions of 
its constituents, in tho ratio BaO:BaI,. 

Barium iodide, hydrated, v. Bakiuu, xodidb 
or, CombinaftoTts, No. 1. 

Barium, oxides of. Ba forms two oxides, 
BaO and BaO,; tho former is produced by tha 
action of dry air, or 0, on Ba; BaO heated to 
about 450° combines with 0 and forms BaO„ 
which is again roduceH to BaO at a highet 
temperature, or reducing the pressure at 
450°. Dry BaO, is stable, but the presence of 
water brings about slow decomposition to 
Ba0,H, + 0; Berthelot {A. Ch. [6] 14, 438; 
comp. C.B. 86, 880) gives these data [BaO,0]« 
-6,060; [BaO^H»O]-2,760(givingBaOA + 0). 
BaO is a strongly baste oxide; BaO, evolvea 
O (ox H,0,) and forma tho same salts as Bi^ 
when acted on by acids. 

L Barium monoxidx (Baryta) BaO. Mol. w. 
unknown as compound has not been gasified. 
8.0.4*86 (Playfair a. Joule, C. 8> Afrm. t, 

8.0. oxystals 6*722 (Brttgelmana, IT. 2, 4fii 






I, SW; HIou approxuaata only.M Baoud tha impDra hTdtatod BaO, oontainiog ^0 
pure). (Arthefot, A. Oh. [S] $, *07, .ay» th« naidua it 

, Sohcelo disbngniahed baryta from lime in iifarly BaOJSaOJ u rubbed in a mortar with 
1774; Oahn recognised the presence of this water, and added little by little to verydilutt 
earth in heavy spar; Bergmann called the earth IlClAij, but not in quantity suflicient to neu- 
t€f^ ^nderosd Kirwan gave the name j (ralieo the aci<l; the solution (wiiioh oontaini 

Davy, in 1808, proved it to bo a metallic oxide. | It.O;) is filtered, mode slightly alkaline W 
Formation. —1. By the action of dry air on j addition of dilute BaOAq, whereby alumina and 
Ba.— 2. By strongly heating BaCO„ best with I iron oxide are ppd., the liquid is again filtered 


•wvujjij uianug jvaiiimejsDcrg , imruio must contam lljUa, proved by the pro* 

W2) says that an oxide with the composition ! duction of a blue colour in ether when slmKen 
Ba,0^( - 2Ba0.1)a0J is thus produced; Briigel- ! with other after ncidifving and adding dilute 
mann (li^. 2,4G0; 4,277) obtained hexagonal K;Cr,O..Aq); tlic pp. is'washed with cold \vator» 
crystals of BaO by this method.—:!. By strongly pressed between filter paper, and placed over 
heating BaClj, or BaSO*, to white heat, in a H,SO^ until all water is removed and BaO, 
conent of steam. remains (Borthelot. A. Ch. [2] C, 207). Or, II ,OJiq 

Prepam/tort.—!. By strongly heatingBa{10,), is added to BaOAq. the i»p. of BaO.,.811^0 is 
in a porcelain crut'fb^o until all I is removed.— washed with cold water, pressed between filter 
2. By heating dry Ba.2NOj in a cajfacious j paper, and heated in dry air free from CO, to 
porcelain vessel (best a retort), gradually raising ; (Sclibno, li. 6, 1172). - 2. I’uro JlaO 

the temperature when the salt melts, again ; is heated to low rcdne.ss in a stream of 0 (Brodiep, 
raising the temperatiiro to full redness when ! T. 1H.W. 775). 

tlie residue in the vess.d re-solidities; the i J^ropcrtics. — A. while powder, resembling 
heating must lio continued until all nitrate is I MgO; insoluble in, and combines with, water; 
dccompiiscl, l/iit 110 longer, us cm lung-continunl i melts iit full red licnt with cvoliilion otO. 
heating CO., is al.sovlicd; tlic portions in con- | Jimctions.—l. Dccompnsed hy halt, to BaO 
tact with tlic porcelttin take up a little KiO, and ' nml O; iit sliglilly reduced pres.siiren (780 10 
AI'/Oj. ^ 1 700 inni.) dcC(jin)Klsitinn begins at slmnl 450°; 

Pro}Krlu's.—K grcy-wliite powder, very ' nt or.liiiary pressuu! at a biglier tcnipcratun 

poisonous: melts at whito-liest; takes up 11,0 than tills; if tlio ilaO ... is allowed to- 

and CO. from the iiir; dissolves in water to cool to 4.80"’ in iirwi-nee of O under reduced 
form a canslio alkaline solution (u. Bakiuji, iiressurc linO, is -. j-l.rmeil (lioiisniiigault, A.Cb. 


arDHoxins or). 


(.8) 19. 4114). 


-t;A4sk«.-.l Very shiwly by 


Itfactions.—l. Ucduced by heating with cold, (piiokl; by hot. «.d^r, fonninK BnO. IL < 6 
oc/usjiMw.--2. Decomposed to Ba 4 0 bye/a^o- [BaO', 2,700 (giving BaO„U,4(j, Bov 

IpsM.—:! Heated in chlorine, BaCl, and O arc thelot, A. Ch. [5] 14, 400).- 3, Cone, sulphuric 
formed.—4. Heated with sulphur, hs\H and formsBaSO„andovolvi« Oattompfirutorea 
BaSO^ nro produced.—5. Heated in Cfir^joa above 60’-70'^, but 0 mixed with ozone al 
diauljihuJe vapour, the products are BaS along lower teraporaturea (Ifouxoan, C. H. 40, }M0),— 
with BuCOj. -6. Heated in phosphonis vapour, 4. Heated in Aryeorbanicanhydrule., BaOO, and 
in presence of H, barium phosphide BaP. {q. r.) O are produced. 6. Heated with carbon mm- 
and Ba,I‘jO. are formed (Dumaa, A. Ch. [2j 02, oxide, or sulphurous anhydride, light and heat 
364).—7. Heated witli arstniic vapour barium are produced, and BaCO„ or BaSO,, is formed 
arsemte (j.r. under AiwKNiTKa) ig said to be (Wfihlcr, A. 78, 126).-0. Acts as a powerfol 
produced. oxidiscr tow'ards carbon, phosphartis, .Vo., AOf 

Combinations.—1. Combines with water to (comp. Slater, vr. 66, 263; and Brodie, T* 
form BaOjH, {q. v.) with imjduction of much 1862. 807).—7. WiTh dilute acids fomig salts of 
heat, and increase of volume: [BaO, H'0]« Ba, and I40,or O. 

22,260; [BaO, 0H'O]''»49, 730 (27i. 3,266).— 1, With wafer, combinea to 

2. With carbonic anhydride, to form BaCO, form BaO^.SllaO (produced ijlso b^ #Aion of 
(dry BaO has no action on CO^; Schcibler, IS. BaOAq on HjO,Aq ; i', PrepatiA.iFhf* prisniatia 
10, 1973) ; with sulphuric anhydrule to form dimetric crystals, wlhch lose bHJ) in rocuo, or 
BaSO^; [BaO, CO*j»6^, 220; [BaO, SO*]-* by heating in absence of CO^ to I00'^-120** 
110, 690 {Th. 3, 266).—3. Heated in air or Berthelot gives the fonnnla BaO;;.]OH;,0 to th*- 
ttf|wrn to about 4.60®, forms BaO, (q. v.)f— hydrate (A. Ch. [6] 21, :67); he also desoribifis' 
4. With melhylic or ethylic alcohol, forms anotherhydrAtewith7H,0(l.c.f6)6,207);h#- 
Ba0.2CH,0orBa0.2C,H„O. gives the data fBaO’, 9,100 {U. fff) 

II. Barium DIOXIDE. BaO,. Mol. w. unknown. 14, 433).—2. With hydiofien peroxide fonnia 
8.Q. 4*96 (Playfair a. Joule, C. S. Mem. 3,81). very unstable, monocliuio, crystals, BaO,.H,0«l 


Piocovered by Thenard {A. Ch. 8, 308). producefi by adding excess of H,0,Aq to 

Fortnalion. —1. BaO, or a mixture of BaOjH, or by adding NH,Aq to the solution of a Ba Im ' 
and CaO or MgO, » heated in nearly dry air, mixed with H,0, (Schone, A. 192, 267). . .' 

or 0. to doll redness in a glass or porcelain Barium, oxyiulphidM of, v. BiStuM^' 
tabe. SuLPiiTDEs or; MoifoBuupniDi, JReactfonx, 

Prsporsfibn.—A mixture of 4 parts finely Barium, phosphide ot Described 4f ' 
BOpdered KGIO, and 1 part BaO is thrown grey mass, having the eompoeiUon BaP» 
]PII^ hfUttlo into • porcNsiatn eruoible healed produced by passing H charged with P vapottf 


producofl by adding excess of H,0,Aq to 



•sd BftHPOf {OmUt jL Oh. 89,861). 

Btrittm, Mitt ^ Sftitt pTMOoed \a 
mUfiingHofaeidt bjBt; tbeyfonn oneMriiii 
belonging to the form BaX, where X»C1, <68, 
0, SO., co« 
sT *2 "~2 ^ 

been gasifled we do not know the molecular 
weight ot anv of them; tho spec, heat of Ba is 
undetermined; the formula) are, therefore, 
baecd on analogies between these salts and those 
of similar nietala which form gasifiablo com¬ 
pounds, especially Zn and Cd, and also on 
analogies between tho salts of Ba and Ca, the 
Atomic weight of tho latter metal having been 
settled by tho spec, heat method. Barium forms 
salts with most, if not all, the acids; very few 
basio salts are known, and those which have 
been prepared are generally salts of the weaker 
acids, c.ff. boric, tungstic, molybdic, do. Tlio 
haloid salts are very stable; the carbonate, 
nitrate, iodato, chlorate, dc., are decomposed by 
heat; JJa salts of the oxyacids are reduced by 
heating with C, II, or CS^. Most Ba salts are 
isomorphoiiH with tho corresponding salts of Ca 
and Sr; many with tho corresponding salts of 
Pb. A few jia salts are soluble in water; tho 
greater iiumlmr are slightly soluble only, or 
insoluble (v. Boiiatkb, Cauuokatcs, Biiospiiates, 

Bt’I.PIIATKS, dc., do.). 

Barium, setenide of. BaSo. Mol. w. 
unknown. Wliito solid,changing in air, obtained 
by heating BaScO, in H to dull redness (Fabre. 
a /t. 102, MOP). ' * 

Barium, feleaocyanide of. BaSej{CN)..(?). 
Prepared by Crookes (/. pr. 53.101). Data 
▼cry meagre. - 

Barium, slUcofluoride or^BoSlI^ v. Barium 
ri.rouihK or, CcwOinatious, No. 8. 

Barium, sulphides and bydrosiflphide (or 
sulphydrate) of. Three sulphides of Ba 
are known; a fourth probably exists in 
solution. Tho monosulphido BaS is obtained 
by healing BaO in a stream of II.,S; by 
heating Ba8 + 2S to 300°, tho trisulphido BaS, is 
formed; by boiling BaSAq with 38 and crystal- 
Iising ItaS, inny bo prepared; and if BaSAq is 
boiled With coiisiderablo excess of S the solution 
jpoacts as if it contained a pcntasulphide BaS,. 
Only one hydrosulpludo or sulphydrate. BaS.IL, 
IS known. 'I he suljihidosandthe hydrosulphlde 
are lau ly sbible eompounds; they are soluble in, 
.ml piiitlv dcooiiiiiosfd by, walor; they resemble 
liie sulpliiibis (if the alkali metals in their 
Tenctidiia. «i^iB *l ,)l..A(| renct.s with As,.8. to 
form boridm Ihio-nrsentto Ba,.A8..8, (o. 
Sabatier (.1. (7,.) [.r,] i) ^ives the thermal 
m'*' i [BaS.O']-236,600; 

[BaS, All 7,000. J . . 

I. JIiiNl SOM'llltlF. BaS. 

Mi/ iiM/iioi.—j. jiaO is heated in a stream ot 
it.j.'j, - UaSO, is reduced by heating in H or 
eoal eos. 

Vr, varnti<m.—1. A stream of CO. is passec' 
throiiiih CS, and then over red.hot BaCO,; CS., 
must bo in exoess as BaS is decomposed by CO.; 
Inc product is freed from higher sulphides by 
(Sd'ono. P. 112, l»3).-2. 
'>y •'•■'ding BaOJI..8H,0 

to 60» m U) is acted on by dry H,S; tiro 
ffOuUuU An BaS and 11,0 (Veley', C. J, 


1^1 in uA tMtnBiitioa or nn^Sli O^neqnjbt 

u pivparod V 8 put* 

3 parti wood obarooiU and 1 part rye maid, all 
in fine powder, making into a stiff paste wifli 
water, rolling into small cylinders, drying, 
packing in a crucible in alternate Uyers wiu 
charcoal, and gradually beating to foil redness 
(Liebig, A, 36,116; v. also Griineberg, /. or. 

d'pV 5r4'6**’ 

Properfies.—Awhiteamorphoussolid; solnbla 
in water; exposed to sunlight and then placed in 
the dark, it gives off light; oxidised in moist 
air. 

Reactions.— 1. In vuyist air decomposes to 

BaCO, and BaS.,0, with evolution of HjS._2. 

Heated in air is slowly oxidised.—3. Heated in 
steam, BaSO, is formed and H evolved (Lanth, 
C. C, 18G3. 880).—4. Chlorine, bromine, And 
ioelitie, decompose BaS, forming BaX, 
(X-Cl,Br,orI) and S.—6Jffilute octifeform Ba 
salts and evolve H,S.—eTirafcr brings about 
partial decomposition into BaS-PH,, BaOjaL 
polysiilphidcs and oxysniphides of Ba (o. Veley, 
C. J. 49, 369). The action of water on crude 
BaS has been examined in detail by H. Bose IP, 
65, 416). If hot water is added in quantity just 
suflicient for solution, the liquid gives a pp. of 
MnS, without evolution of H,S, on addition of 
an aqueous solution of a neutral manganous 
salt; the solution, therefore, contains eitlior 
BaS or hydroxide and hydrosulphide in the ratio 
BaO,dIrBaS.,H,; 

(?BaO.,H.,Aq + BaS,H,.Aq + 2MnCI,Aq - 
2MnS + 2BaCl,Aq + 211,0), If cold water is 

added to crude BaS in an open vessel, in quantity 
rather less then suflicient lor complete solution, 
and tho liquid is evaporated, BaO-H, separates 
out.Oien various oxysulphides (e.»n/ro), then,on 
evaporating the mother liquor in a retort, 
crystals of BaS.6H.,0 (». infra, Combinations) 
separate, and finally on evaporating to dryness 
BaS,H, remains. 

Tho orysnlphides prepared as above de. 
scribed, or by cooling the solution obtained by 
acting on crude BaS with boiling water in e 
closed vessel, seem to be three: 

Ba,0.S,.B8H,0[ - 4(Ba0,H,.9H,0).3(BaS.6H,0)], 
Ha,OS.10H,O [=■ (Ba0,H.,.8H,0)(BaS.H,.0)l, and 
Ba,8,0.28H,,0[ - (Ba0,ll,,9H,0).3(BaS[6H,0)]. 
The compositionB of these bodies are, however, for 
from settled; the compounds are very unstable and 
arc separated by rccrystailisation into BaO.^H, and 
BnS.H^. If successive quantities of cold W'ater, 
each less than suflicient for complete solution, 
are shaken with crude BaS in a closed vessel 
for some hours, the* first solution containi 
B^S.JI^ along with a little of the higher sul¬ 
phides of Ba (tho solution gives MnS and also 
H.B on rddition of MnCl.Aq); tho next solution 
contains either BaS or BaO^. and BaS^H, in 
the ratio BaOsIL:BaSsH;, (with MnCI, It gives 
MnS without evolving H;.S); the following solu¬ 
tions contain BaO.JI,, as they give more and 
more MnOJIj on addition of MnCLAq and less 
and less MnS. 

Corn biwa (tons. — With water BaS forma 
BaS.6H.p; prepared as above described, also 
by cvB})orating tflciio a solution of 1^8 after 
addition of a little S (Sohtoe, P. 119,198) ] or 



■onibk ia ooM, ettiljr in boi,water; iaeSuble 
in ale^; loses 6H,0 between 10<raiid860^ 
wiUi partial decomposition. 

IL Tax8ci.pniDK. BaS,. Prepared by heat- 
ing S parts BaS with 1 part 8, and removing 
•zoessof S by distilling it off at 3G0^ (Schdue, 
P. 112, 1931. Forms a ydlowish-green mass, 
solable in hot water; heated to redness in 
absence of air gives BaS+ 28. A solution 
of BaS, in much boiling water evaporated 
t» vacuo deposits (1) BaS.CH,0 (v. 
then (2) a mixture of BaS.Iip (v. infra) 
and orange dichroio monooliuio prisms of 
8<BaS.6H,0).(BaS,,H,0).cn,0 {SchOne, f.c.). 

III. Tetrasi'lputds. Known only in combi¬ 
nation with H.O as BaS^.H,0. By evaporating a 
solution of BaS, in hot water in roewo, or by 
eva]x>rating BaSAq with 38, trimetric, dichroic, 
needles 6e|inrato; yellow by transmitted, red by 
reffocted, light; tfoiublo in water, may bo re- 
orystulliscd from hot water; insoluble in alco¬ 
hol ; at 300® lose H^O with decomposition into 
8, and BuS, (Sehone, l.c.), A more 
hydrated salt, probably Baa,.2ILO,waa obtained 

1... a: . u iv^o It t . x 


-'' aun*.' oaiii ^ aMtar'W 

OXIMf CUV 

I BAiB.—The dusioteriitib ngotion d va 
wd is that the whole, or a portion, ol the hy« 
wogen of an Mid can be displaoed by a metal, 
with production of a new rody, cBued a salt, 
composed of the metal and the elenu>nta of the 
acid, excepting the displaced hydrogen (v. 
Acids). If the oxide of a metal reacts with an 
acid to form a salt.tho hydrogen displaced from 
the aoid combines with tbt» oxygen of the oxide ' 
to form water; the products of the reaction are 
a salt and water. The salt is not characterised 
by tho properties either of the acid, tho metal, 
or the metallic oxide; it has been built upon 
the metal or metallic oxide by combining this 
with tho acid. The name base was givon by 
Ilouelle in 1744 to those bodies which reacted 
with acids to form salts. Thu namu has some¬ 
times been applied to metals, as well as to oxides 
and hydroxides of metals; at other times it has 
been confined to compounds of metals with H 
and O; at all times tlie conception underlying 
the name has been that of a substaueu which, 
while chemically very unlike an ueid, reacts 
with acids to form salts. Tho dual origin of a 


by Veloy by dissolving 8 in Ba8JI;,Aq (C. J. i salt is implied in the statement that for its pro- 
4d. H7HL i.. it.- .*..4. 


49, 373). 

rv, Pentasclpuide. 


^ duction there is required the interaction of an 
BaS,. Not known in ; acid and a base. A delinilion of any one of 


definite form. ]taS.\q or Bn8,.ir.A(i boiled w'ith i the terms, acid, base, salt, implies a definition 
excess of 8, yields a yellow alkaline solution, I of tlie other two. The chemical reuetion oha- 
from whicli on cooling S and BuS,Kf jjarate out; ! raeieristic of bases, us tho term is now used, is 
the mother liipior contains Ba and 8 in ratio j the production of salts hy tlic mntvial reaction 
Ba:8„ on evaporation crystals of 8 separute ; of a haso and an acid; in soino (uses water is 
out, and BaS, remains in solution ^Schone, l.c, j also fornu-d, in other cases the salt is the sola 


coJifirming oMcr (diservation.s of Berzelius). 

V. JlYiiiiobULrniM'. orHuu-HvouATK. BaSJl.. 

Fortnation, —■ By action of Jl^O on BuS 
(v. MoNosri.emiiK; Jicactioiis, No. 0). 

BaOAq (saturated at 100 ) is 
saturated with n.,8 at fiOMO®; tho liquid is 
decanted in absence of air, and is cooled to 
about 10®; the crystals of BaSJ1..4ILO which 
separate arc dried betwe<‘n paper out of contact 
with air, and then lieutcd in a stream of JJ 
(v. Veloy, C. J. 49, 309). 

Pro^rtics and lienctions.—V^ith 4II_.0 forms 
white acicular crystals, which efllorcsce in air, 
and gradually ab.sorb O, forming BaS^O, and 
BaSO,: tlieso crystals ore soluble in water but 
insoluble in alcohol; aqueous solution evolves 
H,S when boiled; heated to redness out of con¬ 
tact with air, 11,8 is removed and Ba8 remains 
(for details, t>. Veley, f.c.). BaSJlj is strongly 
basic in its reactions: with As^^B, it forms 

Ba thio-arsenite. 

Barium, lulphocyaoide of. Ba(SGN),. Ob¬ 
tained by decomposing NII,.SCNAq by BaOAq 
(v. SULPliOCYAMDEB, Ulldcr CVAKILKS). * j 

Barium, thio-antimonate of. Ba,(SbS,)^ Ob¬ 
tained by the action of BaCl^q on Na,8bH,Aq 
(compare thio-aniimonatxs under Amiuont, 
xmO'AciDs of). 

Barium, thio-artenito of. Ba.As,S,. Obtained 
by digesting BaS.H^q with As^,;* and Barium 
uieHtrsenatet Ba,(AsH,), and BafAsH,).., ob- ; 
tained by the action of on BaHAsO,Aq ! 
(v. iBXo-ABSEKrrEs and tmo-AjiSEKATxs undor 
AaasMte, xbio-aczm or). 


product. Typical reacliuns are as folbnvs 
K./)Aq^P|IM^(j K.HO,Aqs IJO 
2K()I*irVH .80,Aq - K,.SO,Aci »‘21LO 
2Ml^q + H,KO,Aq (NH,),80,Aq. 

A base may then bo (i.) a mclailic uxnh;, (il.) a 
metoliic hydroxide or an allied compound such 
as NKt,.On, BMCj.OIl, BKts.OlJ, Ac., (iii.) am¬ 
monia or a derivative thereof, c.j/.Nll .lOt, NMe^, 
Ac. Tho t(‘riiis strong and v'cak may be applied 
to bases with meanings siinilar to tboso given 
to tho terms wlicn applied to acifls; a strong 
base, in this sense, is one which, when it reacts 
in aqueous solution with another baso and an 
acid—all being present in c(|uivalcnt quantities, 
and all possiblo products being soluble in water 
— combines with % largo proportion of tho acid 
and leaves only a small proportion for tlie other 
base to oombino with. Tliu hydroxides MOH, 
wliero M=: an alkali metal or Tl, are strong 
bases; NH, is a weak base; and NU,Me 

are stronger bawjs than NU,; NM04OH and 
8Kt,OIi are neorly as strong bases as tho 
alkalis (v. Affwitt). By the term a ifrong 
bass is sometime:^ meant a base which reacts 
with various acids to form vere stable salts; 
e.g. salts which aru not changea by water, hot 
or cold. In this meaning of tho term BaO^i 
Is a strong base, but BiO,II, or BoO,Hf is • 
weak base. The oxides and bydroxi^s of poly* 
valent metals ap{>ear to be weaker bases than 
the corresponding compounds of the moaova* 
lent metals. The more positive a metal is, tha 
more basic are its oxides and hydroxidci, 
Bornetimes a metallic oxide, or hydrated ox^, 
may react towards strong acids as a base, ana. 
towards strong bases as an acidic oxide; tbBB' 


U, M. B. M. 




>W» 

j with macD KOHAq to tono K,0^0>i 
^ K^lfOJ. In some cases the basic and acijo 
tanetiuns of a compound may i)a nearly equ4i 
thus amitlo-scetlc acid i? ClI^NHyCOOH) forma 
salts by its reactions with bases as other acids 
do, but it oIko combines with acids, as NHj 
does, to form salts. The hydroxides of certain 
metals which in some of their reactions behave 
as non-m' lals rcaot as bases towards most 
acids, hut if oxygen is added to these hydroxides 
compounds arc formed which react as bases 
only towards the stronger acids and at the same 
tinio react iw neids towards the stronger bases; 
•uch compounds are HnO.lL, and S11O.Oj.n2, 
respectively. Itascs are sometimes divided into 
mono-acid, dt-octVi, tn-ac»d, Ac., according as 
one reacting weight interacts with one, two, three, 
Ac., reacting weights, of a monobasic acid, to 
form a salt. Tim poly-acid bases arc weaker 
than the mono acid bases. As exampli s of 
mono-acid bases may be given KOII,NHa, NILKt, 
Ac.; of di-aeid bases, CuO^H.^, liaCaH^, i^nOaHj, 
NU.CjH,, do.; of tri-acid bases, FeO,JI„ 
0,1L{NJIJjOH, Ac.; of totra-acid bases, ZrO.H^, 
Ac. Jcouip. Aoii'S and Salth). M. M. P. M. 

BASIS, OBOANIC, v. Alkaloids, Amines, 
AUtliES, A/INKH, I’VKIDINR, QUINOLINK, AO. 

The nmuonulatiire of bases containing carbon 
and nitrogen in 0110 ring is as follows: 

Pr/rrol Pffrazol Triazol 

CHtCliv CU:N V N:CIIv 

I >Nn I Vu 1 >Nn 
OHiClK CiI:CTK N:CIK 

PyruUne Pyraziiio {Ketia^r^ Pyrimidine 
HC:Cil.CU 1IC:N CU \^11C: N . CII 
I 1! I II I II 

HC:N.CII IiC;N.CH •N:(iri.CH 

Isoqninolum 
,CiI:CU 

: CH 


Quixid/na 

XH:CU 

0.11/ 

\n : ( 


,C11;CU 

o.h/ I 

'CUiK 


Quinaspline Qiiinornliuo CinnoUne 

X1I:N >';Ci[ X'[I:C1I 

O.H/ I c.u/ I c,ir/ I 
'N : Cir 'N;CU \N : N 
Indazine 

,cn. • yCiL 

PhcJM’/nc Qlyoj-aline 

.NH-CH 

c.H,<!V.,n, ' cue 


^CII-N 


^ BASIC OXIDES. Oxides wliich react with 
acids to produce salts. The greater number of tho 
metallic oxides are bai^io; oxides of well-marked 
non-metals arc never basic. The correlative 
term is aci</tc oxides (u. liA&vs, Acids, Salts). 

• M. M. l\ il. 

BASICITY OP ACIDS i*. Acids, DAsintT or. 

BA8IUCUM. OIL OP. The essential oil oh- 
latnod by distilling the leaves of Ocymnm basili- 
eum wiUi water contains which crys* 

tallUes in prisms (Dumae a. iVligot, A. 14. 75). 

. _ BA6S1A LATIFOLIA. The seeds of thia 
x^malayan plant yield by pressure a buttery 


BAMBIB. Tha iiuoliibla gum afilS, 

^abiy roeta*arabio acid, or at least a meta- add'- 
allied thereto (0. Abaszn) of gommi bassonii 
O. Toritonense, or G. Kutera. These gumt 
couiiist of a part (the meta- acid) that swells up 
to a jelly when they are treated with water, and 
of a soluble part, the alkaline or earthy salt of 
the acid. 0.0’S. 

BASTOSE V . Cellulose. 

BA6YL008. A name sometimes applied to 
the more positive, usually oxygen-containing, 
radicles, or groups of atoms, which combine 
with more negative, or chlorous, groups to form 

•f — + — + — 

salts; e.y. K2O.SO3, KjO.CrOj, CrjOj.SSO,, Ac. 
The name is sometimes aUo applied to the 
elements which displace H from acids with 
formation of salts. The correlative term it 
chlomtis. M. M. P. M. 

BDELLIUM. A gum-resjn (Johnston, /. pr. 
26,115). 

BEBEEBINE C^H^iNO,. Bebinm. [180®]. 
Occurs, together with a resin (sepirin) and an 
acid (bebirio acid) in the bark of the bebeeru 
treo of Oemerara (Bodie; Maclagan, A. 48,106; 
Maclagan a. Tilley, P. M. 27,186; v. Planta, A, 
77, ^133). It is an amorphous powder, v. si. sob 
water, v. e. sol. alcohol, v. sol. ether.—B'jIIjPtCl*: 
orango amorphous pp. Buxine has been con¬ 
sidered to be identical with bebccrino (Walz, 
N. J. P. 14.15). 

BEE’S WAX V. Wax. 

BEHE5IC ACID Benic acid, 

[76°]. Occurs as glyceride in oil of ben and in 
i the fatty oil of black mustard seed. Needles, 

! resembling stearic acid. —NaA'. -BaA'j.— 
PbAV—EtA' [4U°j (Voolcker; Strccker, A. 64, 
316). 

BEHENOLIC ACID Cy-H^Oi. Bcnolic acid, 
[67*5°]. Formed by tho action of alcoholic 
potash on di-bromo-bchenic acid (Haussknccht. 
A. 143, 41). White needles (from alcohol); t. 
sol. alcohol and ether, insol. water. Not re¬ 
duced by sodium-amalgam, but combines with 
' Ufy, forming C.,.lI<jBr202 [47°], and with Bfi, 

' forming Cydlj^lir^Oy [7*8°J. 

Salts.—iMgA'2 3a<i. —AgA\—BaAV 

BELLADONNINE. An alkaloid occurring til 
the mother-liquor from wliicii sulphate of atro¬ 
pine (7.V.) has been crystallised (liiibschmann, 
Schweiz. Z. /Vmm. 1858, 128; Kraut, A. 148, 
236; B. 13, 165; Ladonburg a. iiouth, i7. 17, 
152: Merling, B, 17, 381). .\inorphous, v. si. 
sol. water, v. sol. alcohol, ether, and chloroform. 
It is but slightly attacked by boiling luryla- 
water, but is split up by alkalis into tropic acid 
an(^ oxy-tropine CgH^NO^t. This would indi¬ 
cate that bclladonnino i8oxy atropineC„H,^0, 
(L.). According to Merling, bclladonniue » 
OiJf.iNO, and gives tropine, atropio acid, and 
tso-atropio acid when boiled with baryta-water. 
Salts: B^HjTlClr-B'HAuCl,. 

BEN, OIL OF. A fatty oil expressed from 
the fruits ot ilfortM^a nuj; hehen. It contains 
glyceryl pahnitate, stearate, oloate, and behenafet* 
(v. Beuenic Acm). 

BENIC ACID i\ Bedekic acid. 

BEKTLENE C^Hj, (223°-228n. aO.®*#!!*; 
Formed by the action of Idooholio potisSi 



-PSO®], A oantnil 

wnteUiDt aabstonce obtained by extraoting 
with aleohol the product of the action of ZiiEC 
m phenyl acctonitrilo (Frantlaud a. Toinpkine, 
v» r* S7| 669). 

BSKZAL- V . Bexztlidesb*. 

BBNZALBEHYDE v. Benzoic aldsiitob. 

BBK2ALD0XIM C.li.Cii:N.011. Oxim of 
vontoic aUehydi'. (c. 220° wit)i decomposition). 
OoIourlesB oil. formed by the action of bydroxvl. 
ftraine on benzoic aldeliydfi (IVlraczek. B. is, 
2736), Formc-d also by miuciuR benzamidoxim 
with 8odium>amal|'ani (Tieinann a. Kriigor, B. 
17, 1C92). By heating with HCl it is split up : 
into bydroxylamino and benzaldehyde. Ao.O j 
converts it into beuzonitrilo (Laoh, li. 17.157i). 

Sodium salt C.ir.:N(ONa)nq; white easily ! 
soluble plates, formed by the action of sodium 
ethylate on benzaldoxiiu in alcoholic solution ; 
gives characteristic Dps. with the salts of the 
heavy metals. 

Hydrochloride 0,II,:N(OII),HC1: white 
glistening scales, rotates on water. 

Methyl ether C;H..:N{OMe): (191« un- 
wrr.); colourless oil, lighter than water and 
slightly soluble; formed by the action of methyl ’ 
iodide and sodium ethylate on beiizaldoxim; 
by HCl it is split up into bouzaldehydo and 
methyl-hyiirosylamine. 

Ethyl ether C,U.:N(OHt): (208’ uucorr.); 
nolourlcss oil, split up by HCl into ethyl- 
hyitoxyl iiiiino ami bctizal.lehydo. 

Propyl ether C,U,:N(OC,U,): (225° un- 
cerrd, colourless oil. 

Iso-butyl ether C,H,:N(00,n,): (238° 
un^/Orr.), colourless oil. 

Amyl ether an.:N(OC.H„): (101° un- 
corr.l, colourless oil (Petraezek, 21. 16, 823). 

BEHZAMIDE C,Il,NO U. C,H,.C<).NH,. 
Amide of bemoic acid. Mol. w. 121. (1.30°) 
fCiamiciaii a. .Magnaglii, B. 18.1828). S.0.11-31 
(Schroder, 21. 12,1012). 

Formation.—1. From BzCI and Nil,.—2. 
Together with NH.OBz, bytbe action of Bz.O 

on Nil,—3. From EtOBz and Nil,_4. By i 

boiling hippuric acid with water and l’bO„or by : i 
heating hippuric acid in n current of dry HCl. i , 

Prppcrficj.—.Momolinic tables: ofcc- i 

■238;1:1008; 22' (Klein, A. ICO, 181); j ' 

V. al. sol. cold water, m. sol. hot water, espccialiy : i 
if it contain NH, ; v. sol. alcolioi and etiier. j < 

Beactions.—l. It splits np into water and | 

bcnzonitrilewhen heated with (2c/ij(<2ra(ic.;a7e)i/! i 1 

(i'lO,, F,Si> or H SO,) and to some c.s|snt w)ien i 
heated alone at2'.IO°.—2. BoUiny ruiumnspohish I 
forms KOBz. -3. Boiliny acids form hcnz.iio ' s 
add.—4. BzCl or Bz,0 form bcnzonilrile ami 
benzoic acid.-5. Itcduccd in acid solution hy I 
sodium-amalgam to benzyl alcohol.-.0. iJoiliug s 
phOTolgivesbonzoyl-phcnol (PhOllz) and.NH,. - , 

7. PCI, forma an unstaltle substance which a 
rapidly splits up into UCl a.ud benzoiiitrile ■ ( 
(Wallach, A. 184, 13).—8. COOl, gives lieuzo- li 




10. With chloral it combines forming C,H,CLNO 
Wn (Waliacb, B. .5, 251).-U. With ethyl 
U forma K,, benzoio ether, and 11,0 


fflotaam, a. 18, S787).-1S. A solutioa c 
fensamida in bromina deposits oryatali^a 
^nstablo BzNH.J?r^ . ^ 

Co.ii4/»ui(,o„s.-BzNH.HCl: long prisai 
I . saturating a mixture of henzamidi 

and HClAq with HCl (Dcssaignea, -4. Oh. IS 
I 34, 140; Pinner a. Klein, B. 10,1837). Whsi 
' i f.'C- off «» its HOl.- 

; I J'- pr. ca; 

■ !, [221°]. Formed hi 

i IwilinglK'nznmido with water and HgO. Lamin* 

■ I .v’.’.m. i '‘'ooiiol and ether.— 

> I BzMill Blonder noodles (Church a. Crookot, 

. Ailditioml rte/erewes.--JAobig a. WChler. 
I Foliling, A. 28, 48; Schwarz, A, 

I I 7t>, i9o; Laurent, licvue Scient. 16, 8911 
; Ili'iiry, if. [2] 5, 440; Brauns, Ar. Ph. [2] 

' 120, 214; Oppenhoim a. Ozanuimsky, A 
fi, 1392; Guaro-solu, Q. 4, 466; A. 171, 141: 
Kokuk>, B. 6. 113; Sohiff a. Tassinari. b\ 
10, nalii Friirdburg, A. 158, 26. 

Beng-chloro^amidc 0,U,.CO.NnCl. Pra- 
I pari'd by gradually adding a cono. solution o( 
cnlondo of limo to a cold cone. soliiUon o&i 
brnzamido acidified with AcOll, the produot 
beji»g ahokea out by ether as it is formed. Long 
i'o 'wyT* (Bender. JB, 

’pibemamlde C„U„NO, U. NUBz, [148% 
8. ’12 at 16 . Formed, together with benzamide, 

by the action of KNIl, on BzOI dissolved in 
other (Baiimort a. Landolt, A. Ill, 1); and 
from benzohijUjil^l 0 g.) and fuming H.SO, (7 g.l 
(Barth a^jlSRoT-r. li. 9. 976; Gumpcrl, /. pr. 
[2j 30, ^). Trimotrio crystals, aiblOm 
•931:l:r869. SI. sol. boiling water, v. aol. aloohol, 
ether, and b'nzeno. 

Salts. NaNBZaJaq: small prisms, sot 
i ether. -AgNIiz,. 

_ BENZAMIDINE C,1I,N, U. Ojr,.C(NH).NH, 
(75 ^-80'*). 

iVejwmfton.*—Benzonitrilo is converted by 
I treatment with isol.utyl nlooliol end HCl into 
the hydrochloride of C.H,,.C(NH).O0,H., whonee 
! ainmoniB produces bcnziimidino (Pinnera. Klein. 

! 21. 10, 1880; 11, 4). 

i Pioju-rlies.— V. sol. water, si. sol. ether, T.«, 
sol. alcohol; df^lijiioBCDnl; very volatile. Be* 
composed by heat into NH, and cyaplienine. 

Salt».~B'HCI: flat nGe(IleB.-ljVl,PtCl..— J 
AgC li.Ny. 

BENZAMIBO' Vg Prngoyi-Awvo*, 
BENZAMIBO-ACEXIO ACID v. Hiprnsttf 

ACID. r 

BENZ - AMIDOXIK C JLN,0 i.e. 
rhC(Nn.J.NOH. ffeitgenylrommuline, BtH" ' 
zenyl-amifhxiin. h.onihoso^bcnzykitniru, (80^* ^ 
By the action of hydroxyi* 
amino on an alcolmlio solution of bonzonUiile 
(Tifinanri, li. 17, J28).--2. By the action d 
hy-lroxylamino on the hydrochloride of biAfir ^ 
amitliiio.—.3. As a by productin the aetioo p( 
hydruxylumine hydrochloride upon beazimldo* 
ethyl-ether.—4. By digesting thio4>ensami4A K 
with an alcoholic solution of bydroxylamiiM 
(rb-mann, B. 19, 1668). liong flat monosyai*' 
metrical prisms a;6:c 2-502;l;1077, V -ds tilftH 



inj««aa(poM<. V.iKil. •te(AoI, ^liiw,belv^al)^ 
mi hot «»t«, d. «oL sold wotor. It it poi- 
(ODOiu. It diuolros both in seids and ^alii. 
r»ja. gives a rod colouration. ammo/ 
fiii^ solution gives white orystaltino pps. wit)* 
BaCl,. A({KO„ Pb(OAc)„ and ZnSO.. Tho silver 
pp. on heating in the solution in which it is 
formed gives a splendid silver mirror, 

Ueaetum. -l, Gives the carbamine reac¬ 
tion with chliirofanti and alcoholic potash.— 
S. Nitrous acM forinp benzamido.—3. Soilium 
amalgam reduces it to bonzaldoxim and NH, 
(Tioniann a. Nageli, R 18, 1088).—4. When 
quickly heated at 170'> it splits up into henzo- 
nitrile and SIIj. - - C. By heating with acetic 
anhydride^ it yields benzcnyl-azozim-ethenyl 

Halts. A'Na: white crystalline solid, dc- 
Ooniposed by water. -A’K: crystals. A’Ag: 
nnatable white crystalline pp. A'iCuOUl • 
amorphous ,lark gre.ui pi).--A'll,HCi; large Hat 
plati.’B or coneiuitric needles. -A'li.ll.SG,- luo'e 
prisms.-.(.VII),lh.SO,: ninurphous solid. 

Methyl ether.—K’Mu: [.W^]; (•>30'’un- 
corr.); (u-i.sins ; v. sol. aleidml, ether, and bi-nz- 
enc, si. sol, water. By JICl and NaNO,, it is 
fTn 'iv''ll vI'A*;' > - iiietho.sini cirioride 

VulJ (.rl ( N U .M tj). 

/'“‘''if '/f'"'"---'''''-*: R"ii trimelrio 
plates. By dduto II.Si), and sodium nitrile 
U la (lonvtirlod into l)fn/)iyilr(>xhnio . etliyl • 
©tn«r •(»/// . hijdro.rijlamiiw. ethyl etkeA 
C.Il .l.(OII)NO|.’.t Will, nci and NaNO, it 
yields hen/.enyl.|.thu.sini.eliloride. 

Itencyl ether. .V'Cdl,; f.H'']; scales. 
iSenzoyl derivat j t>(i. 

0.11 (;(N11,):NU1(/.; [MO''llTSqL,r white 

needles! v. e.d. alcohol, ether, al^ mpiemis 
acid,.., insol. w,Iter. On l.catiug it roiHily splits 
off a.O.Kivinff riMit to bpn/.enyl-uzoxini.hcnaimyl 

.ierieutieo 0.1I,.C(NlI,);N()Ac. 

[96 j, thin plates or tlut prisms, sul. alcohol, 
tl. Bol. I'thcr, V. h 1. sol. W-Iitor. Jiy boilhic 
With water it loso.s H.<) uiid is convertcl into 

benzonyl-ft/.oxiin.cHKMyl. 

tien i’-itive 

O.H .CjMi.h.Vd.cii.c.U,. laio,. fi„, 

tllid ]. WInlo plates. ,Sol. alcohol, "ether. 
I»n/ene, and ligroui, msol. water, p'ormed by 
heating an nlcol^c solution of bcnz-amidoxiin 
(a n ols.) und.M.i*,ini ethylate (2 mols.) with 
ethylene brnranlc (1 mol.). • ' ' 

Compound o.H.N,Cl,0„. [133^1. 

Obtame.l by mixing the eonstituent.s. White 
orystalhne iHiwdcr. V. sol, alcohol and ether, 

1 . V’ *“‘“t'«ent with H.HO, or by 

long boiling with water it is resolvc’d into its 
components (balck, 23. 13, 1-186). 
a "• 17,'l81; Tiemann 

B luH 7'*1' lO^'li Tiemann, 

B 1« ‘ *“• I'"'"''. 

(*’* Azi»xiMa). 

«u*.*midoxim.carbottio ether 
Suon'? loomed by tl>e 

ACtiOU of cillorofuriuio ethor anon bonz. 

; jmidoxim (F«Iek,i3. 18, •j.,,57). gli^en 
.lug needles. V. alcohol. ctU aild 


Off ftlootolp 

CA.C^^^^O(OH). 

o..h,AN„ U 

C*hJ,C(NHJ:NO^®^' Formed by th« 

action of carbonyl chloride upon benz-amidoxim 
dissolved in benzene (Falck, B. 18, 2470) 
WJiite plates. Sol. alcohol and ethor, v. si. sol 
benzene, insol. water. ’ * 

BWZ-AMIDOXIM-)».OABBOyYLIC ACID 

[200 J. Crystalline solid. Sol. 4t' water imS 
alcohol, si. sol. ether, nearly insol. chloroform 
and benzene. 

Formttiun.—l. By saponification of the 
ethyl other which is obtained by combination of 
«i-cyan(>.bonzoio other with liydroxylamine.— 
2. By digesting a mixture of cjuivalont quan¬ 
tities of m oyanoyenzoio acid, liydroxylamine 
hydrochloriilo, and sodium-earbonate, in dilute 
alcoholic solution for 12 hours at 80’-100'’. 

Jteariiom. —The aqueous solution of the 
?ii‘ b’ivcs sparingly pps. with OuSO., 
Ib(UAc) AgNO„ and ZnSO.. Ucated witL 
aci'tiu aiihydnde it is converted into wi-carboxy- 
bfn/.tinyl-nzoxim.ethenyl 

c.h,(coji).c.^^j^®^c.ch3. 

hUhyl ether A'Et [118’]; needles; y.aol. 
alcohol, fll. Bol. water (Miillor, B. 10, 

Benz^amidoxim-^i-carboxylio acid 
l.TI <i,,H,(CO,ll).C(NOU).NIl. [above 330^. 
hoMiicd by digesting p-cyanohonzoio acid (1 
inol.) hydroxylanunc hydrochloride (1 mol ) and 
, Rodmm carbonate (1 mol.) in dilute alcoholic 
: so ution for 18 hours. Hoi. dilute alcohol, si 
j sol. water, nearly insol. absol. alcohol, ether, 
and l)uu/eiie. A dilute aqueous solution of the 

I A'.'.va'''iT"k “ ■ ’T”'- "‘‘b CuSO, and with 

y-y V.By boiling with acetic anhydride it iscon- 
veitcd into p-carboxy-benzenyl-azoxim-ethenyl 
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C.H,(C(XIl).C^^j^O^C.Cn. (.Miillcr, B 
: 1-191). 

i he.r'^f/ ■^'^* = ^735'’]; obtained by 

j the ethyl other of j>.cyanobonzoio acid 

I \\Jth ;;y«roxylttmme in alcoholic solution (Mul- 
[ er, R 18, 218ii). Colourioss crystals; sol. 
j boiling water. * 

. BENZAM-MALONIC ACID r. Carboxt- 
PlIKNVIs-M.\r.i>XASlI 0 ACm. 

B£NZAH>0X.AZJC ACID v. Carboxt-piienyl- 

OXAMIOAUID. 

BENZAH-8EBAC1C ACID n. Carboxt •phenyl* 

OERACAMIC ACm. 

BENZAM-Streemer acid ». Caruoxt- 

PHHNYI.-SUCCINAMtC ACID. 

BENZ-ANHYDKO- v. Benze.nil. or as deri¬ 
vatives of-Bcnzamidine. 

BENZARSEH- v. Arsenic, organic deriva- 
TIVKS or. 

BENZASSENIC acid V. A11HE.SIC, OROANio 

DERIVATIVES tF. 

BENZ-BBOMO-QCIKOUHE v. (BXBaouo. 

quinoline. ' 

BEaZ-CHLORO-AKIDK V . Beszawde. 
BbNZ-CHLOBO-afflHOMHBv. (B.l-CHLOia- 

QUINOLINE. 
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Nwrow Isminio (oon. 
t^ng U’iM),Bl *>1. water and alcohol. Do- 
^7'*. “™'* '*''‘' »ieth)I. 

tmido-benaoioacid.-H’HCIaci.~B'Jld‘tCh2ii. 

®«BI-(fl)-a»tli7l.glycocyamine 

TOrbira.damido.bcnro,e acid- and cold co.i. 
^CH, rwlution. Laiiii,m-, v. si. sol. cold wulcr. 
wiling baryta forms mitfivl iirca nod auiido- i 
benaoic acid. -HUCI._b'.I.M>iCL 2a,i I 

benzcheatinihe • • * ' I 

o-B«ni-(a).methyl.glycooyamidine C.H.N .0 ■ 

U _l,Q- P«-l>aied by the : 

? '»''=’n'ycocyainidine (Oricsa, I 
df. 13. .178). White ncodli'.s. .Sol. alcohol, si. ' 
aol. other and hot water. Insol. caustic alkalis. : 

o-Bem-(B).methyl.gIycocyamidliie 
C,H.S.Oi.e.H.\.c/^“ ~ I"”; 

D j V . . 

rrcpared by the aciidu of ntothylaiTiiuo on 
ethoxy . cyan-aiiii.lo . benzoyl' (C. H. N.O \ 

(Oncsd, p- 13, itTiS). Wiulo iieodifs. * Soi. I 
caustic alknln. We-ak base. i 

halttt.*~-Iilie I: tininli tubh^s or prisin.s ' 

CTANIUK. I 1 

BEMZilHS. 'I'hfso bodies, which much re- ' I 
oemblc the Iihthalcms.alc liyilroxylat.'d aromatic j 
carbmols, such ns di-oxy-tri.idienyl carhiiiol I 
C Hj,i,(C,H,OJl).,(()ll). Pr, pared by hcaiinj; I 
phenols with benzotrichloride. 'I'ho compmmd I 
from resorcin is yrdlow, tlmso from ercKois i 
pyrocatecliin, hydr,,i.|uinonc, orcin, and (Hh c 
nnphthol arc yellow or yeliowish.rcd, pvroeuilol r 
gives a blue, and (a).nuplitliol a green liye. tbi v 
reduction they giie the cjnsiponding di.-riva- t: 
tn^s of Methane (Uoebner, 11. 13, tllo ; .1. 217, ii 
*27). ’ ^ 

BENZENE C.H,. Mol. w. 78. (C-’. (ao r-) ! ri 
(B. Schifl, A. -220, 91). .S.O. I* ’ asiib (S.) ■ 

*•8799 (Briihl). V.D. 2-71 (calc. 2-79) I.S.l! fi' 
S.H. •8834 + -0010d;i( at t” (U. .Schill, A 2'ld is 
^70,090 (licrthclot, A. CIt. it 
W) dd, 1J3): 779,o:i() (Stohuiann, Itodatz a |) 
werzberg. J. J,r. [ 2 ] oysl. o.a.-coaii 'I'l 

TO9.3.aU at 18=- {Th.); 787.488 (,S. Ibn, H) to 
H.l'.p.(aavupoar) -12,.510(Thomsen, 7-/,.4,(,l)- a- 

li'i S.y. d.j Jt (S.); 95 8 iltamsay, C. J. 3.i» (,• 
dW)- ftil'SlUltB.); a„ l-.?0(;2at 11'(Ncgicano to 
e. B. m. 423); l'.50.o0 lUladstonc, c‘. 3 - m r ; aJ 

?2/si ’ (Kanonnikoll, J. pr. ' lis 

[3J 85J). l>ieltxiru:cotut<in(’i 2‘J2 at 14 *(N.k {(i 

V acid with m 

i'S® o'*- 9, 48, a 

**7 P»86ing the vaiiour Iiy, 
“yf/®<>:hot iron (Darcet, A. '< 

‘"■*‘>"8 phthalic acid thi 
I • (Marignac, A. 42, 2171. -3. By dry sm 
.W^ttion of luinio acid (Wohler, A. 61,146).— i cT 

V 01 «a Xw ^ * 
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I •I*)—*> Totatfaw witB 
mphthblana, rtytan*, rttana, *>., by haatitM 
iwtylma to »t«d haat (Barthelot, A. Ok. (417 
M. j 4b.l). ^zetw is among the produsla obtained 
■> 0-1 passing tolueno. zylciie, iloiuiuene, or styKne 
) 1 - i tbrougli a riKldiot tuba.- 6 . Metallio aucoinates 
np give on dry distillation a licpiid (hydroiminoiia 
j dinydride ■.’) which yicld.s benzene when distilled 
ly- , witii zmc.dust (v. Itiehler, J. pr. [ 2 | * 20 , 2 U 0 ).— 
1C. 7. Prom benzene siilphonic acid by passin* 
IT. : steam through its Boliilioii in diliite.1 II.SO, at 
1 (-'f'“»troag a. .Miller, ,f. I,',. |I 8 ).-a 
! (79 g.) by dislilling with P,S,. 

: llie yield is small (1(1 g.): 81 ) 11 OH * P 8 
(A. t'euUter! 'a; 

! -.. 1 , .i.i).- , 1 . The homologoes of iKinzene when 
'* I iio£''' builing-ixiints with a enrroiit of 

! lltd gas in presence of .\l,OI, eiolvo MeCl and 
iS, I yield loiyer Immoh^ues, but at tlie same time 
d. part of the Met'l attacks other |Hii tions of tini 
s. ' hydri carlain with proluclion of liigher homo- 
s. I logiies. fims if lid is passed into boiling m. 
zylene oontaining .\I,C 1 „, bmizene, toluene, 
pscudocumcne, roeaitvlone, and durenu are 
obtained (.lacohsen, II. 18, 338; Anscbiltz a. 
Imniemlorlf, It. 18, (;.i7). -10, Beiizi-iii, is pro* 
dneed wbeii lienzylidcno cbloriih’, PhdlOL, or 
a icnzotriehloride, PhCCI. is healed with soda- 
;) line (l.inii,i iclit, A. 139, jm3).-ll, Proiii diazo- 
1 . bi ii/.eiin nitrate or sulpimte by heating with 
aleoliol or alcidiolic KOIl. 

', ! /'ri;vim(ioa.— 1 . Coal tar is distilled and the 

( , ““at. boiling Imlow l.'iO* is fn,.,! from 

, jdienols by slinking witli XatJlIAi; mid from 
I bases by Bliakiiig with Jf.SO,, U is then rocti- 
- lied. U IS finvcnicnt to keep tlie litilldiuail 
: at 100 ' : lol-,'n.i m then condensed while 
1 licnzene pa .,es over (l-'nrailay, T. 182.5 440' 

I Hofmann a, M,mslield, (;. d. 1,21 Ij. On thir 

bilge sealo the distitiation is perfuriiicd in an 
, 1.011 hoiler, to which is nttaclied a tail vertical 
eoiiimn divided into comjinrtiiienls ; the lire is 
1 is'iiliited so tliat pure henzene pushes over, 
Willie its Iiemologiics condeniie and run hack to 
tlie boiler. Jlojjz(;nc Ih ctiiii|»b-lclv frcoil froiu 
Its hoiiiologiicn liy cooling willi ice and salt, 

I wlien It solidities and tlio homolognes wliioli 
remain fluid may bo pressed oiil. It is freed 
from tliioplienc by slinking willi cone. H,KO,.— 

2. A mixture of benzoic acid (I pt.) and slaked 
liiiKi (3 pl.s.) is ilibtiTled from an iron lube: tho ' 
piodiict is filiab.m with KOHAq, distilli-d with 
steam, dried witli CaCI, and Na and reeliMed. 
Ihpheiiyl and lienzeplienoiiii mi by-products. 

’flic benzoic a dd used must not be |ifriiiircd from 
lolueue, Olliciwisii it will contain thiophenlc 
uciii, (ifj<l tlw: boiizoiir! will contain tbiojilmno. 

J‘roji^-rliA’8. -Cobiurlotfw, inobile, stJotiuly «>. 
fractm^' lifjni.J. Vf .atilo with sli-am. Scarcely 
bolublt' in water, v. c. i^ol. uJcolioI, ether, glacial • 
aectic aci.l, acetone, unJ chloroform. Ciyalal- 
nscB m trimotrio pyrambh, a: 6 ;C‘ 
fOroth, /. |2j fi, 65:1). It .lj.Hflolvex H, P, 1. (aia, 
roBinB, oils, and many alkaloids. It bums with 
a lumiriouH flamo; ii>. burnt with excons ot 
hydrogen givinj^ out a light equal to CrHa. ol 
Bpcrmaceti. When burnt with CO. and CH*» 
the light equals that of fi lg., and 7 a g., of ' 
sperm^ti respectively (Frank)and a. Thom«, v 
O. J. 33, 93j. XliCTc are four bauds in the 

0 0 





qi,/. ##, iM-lT, ert). 

veUcnotu ^—U eourertad by ioniit^ 
EHO(iBto nitro-banzene} this is vst&ed isUh 
WBtsr And rednoed by tin and HCl to aniline; 
eMstio soda is added and the aniline oxtracfcd 
with ether; the ether is evaporated and wo 
aniline dissolved in much water; the aqueous 
solution gives a violet colour with bleaching- 
jMwdcr. A mixture of UNO. and H.SO, forms 
di'nitro-benxene, which, after crystallising from 
dilute alcohol, melts at Stt", 

Detect iim of I’hinphene in Deneene. —Thio- 
|>hene, which is usually present in small quanti¬ 
ties in commercial benzene, is indicated by the 
blue colour produced by shaking with cone. 
H,80, and isatin (V, Meyer, D. 16,1405; Baever. 
B. 12, 13011). 

Dnpuritiex ,—Crude benzene may contain 
traciw of toluene, xylene, thiophene, C8„ amyl- 
ene, crotonylcnc, alcohol, and acetonitrile. 

lienctunis,— !. Benzene when passed through 
a red-hot tube forms hydrogen, a little acetylene, 
diphenyl, benzerythrene 0-|H,„ p-di-phenyl- 
benzenc, iso-di-phenyl-benzene, and triphenyl, 
one (licrthelot, JJt. [2] 6, 272, 276; O. .Schultz, 
A. 174, 201; If, Sohmiilt a. 0. Hchiiltz, d. 203, 
IIH). -2. A mixture of benzene vapour and ■ 
ethi/lcic pnsseil through a red-hot tube gives ’ 
diphenyl and small quantities of anthracene, I 
styrene, and phenanthrene (Bertholot, Jit. 121 
7, 11.1, 274; I'erko, B. 20, 600). -3. A mixture 
of equivalents of benzene and toluene dropped 
nt the rate of 80 g. per hour from a tap funnel 
into the turncd-iip end of an iron tube kept nt 
low rod heat is converted, to the extent nt about 
10 per cent., into gases, naphthalene, diphenyl, 
ji-tolyl-di-phenyl, o-p-di-tSiy., S) ond (!) di- 
phonylene-mcthnne, phcnanthrenie. anthracene, 
ii-di-plienyl-benzcne, a hydrocarbon C,.,!!.., a 
liydroenrbon [13»] (29a'> .816») and two liquid 
hydrocarbons (35»“-8a3») and (404“-427‘>) (Car- i 
oelley. J. 37, 701).-4. Induetim emrk, ! 
passing through liquid benzene produce n gas i 
that contains 42 pc. acetylene and 57 p.o. 1 
hydrogen (Hestrem, Jit. |2) 42, 267).-5. Atii- i 
Blsuiiiwi chloride (v. p. 147) acting upon a mixture : 
of benzene and an alkyl chloride causes IlCl to j 
escape with the resulting formation of an nlkvl- ! 
benzene (I'riedel a. Grafts, G. It. 84, 1302 1450' . 
86, 74 : A. (.7i [6) 1, 449). (a) Thus «c%i 
clWoride passed into anii.^uro of benzene and 
At,Cl, gives toluene, o-, tn-, and ;i-xylone, ip- 
oumene, mesitylone, durene, isodiircne, iicnta- 
methyl-lwiizene. and hoxa-inethyl-benzene (Ador 
***• t^icubson, J3. 14, 2624). 

*, ““'"'nrtod by benzene in presence 

of AI.CI, into Cl'hCI,.CH{OH)Cl, the hydro- 
shloride of no-di-chloro-phcnyl-acetic aldehyde i 
<<fcmbes. C. R. 98, 678; Bt. [2] 41, 382). s 
(f) Methplene chloride in presence of ALCL i 
«tves di-phenyl-mothane, anthracene, and tolu- i 
«ne (liiedel a. Crafts. Bl. [2] 41, 322 ). (d) : 

Chtoimnmn, Al.,01„ and benzene form CHPh. i 
and rii,COH (Elbs, B. 16, 1274). (e) Allyl I 

Mloride, A1,C1„ and benzene give di-pbenyl- 1 
propMo and n-propyl-benzeno (Wispok a. Zuber, I f 
218. 874). (/I KwipJ bromide, ALCI,, and ' 1 
benzene give ethyl-benzene, w-di-phenyl-ethane, i < 
and di-mothyl-authraoene dihydride (Angeblis ' i 
a. AasehiiU, B. 17. 167). Vinyl tribrornkfe, = 



phenol (Friadel -a. OntSa, O, 
pnff. 4. 220, 282). (A) SirfpiW laiiid . 
boihng benzene and AjilL forms phenyl » 
captan, di*phenyl aulphide and *dsph«BTle 
A- CraftsX 

80, 884). (t) Sulphurous acid, and bei 
ene give di-phenyl-aulphoxide, Ph-SO (Colbv 
McLoughUn 20,195). {/) Acetylene in pi 
senee of Al^Cl. forms styrene, di-phonyl-ethan 
and cU-tolyls (Varet a. Vienne, Bl. [2] 47 917 ). 

6. Heated with A1,C1. (2 pts.) at 200=’ in seal 
tubes benzene gives toluene, ethyl-benzene, at 
diphenyl (Fricdel a. Crafts, C. R. 100. 692).' 

7. Phenol is among the products of oxidatii 
of benzene by If.O., (Leeds, Fh. [.31 11, 106( 
cf. Kingzett, O’. N. 44, 229). Phenol is all 
formed when benzene is digested for some da' 

' nt 40“ witli cuprous chloride and dilute HC 
I atmospheric oxygen attacking benzene ai 
I Cu.,Cl., simultaneously (Ncneki a. Sieber, J . p 
I [2] 26, 25). In the anjsnal body it is oxidise 
j to liydroquinone and pyrocatechin (Nenoki i 
I Oiacosft, H. 4, 4^25; cf. Schultzcn a. Naunvi 
; C. C. 1867, 705). Oxidation with MnO, an 
H,80, produces formic, benzoic, an 
; phllialic acids (Carius, Z. 4, 505; A. 141 
; 50), I ho formation of benzoic acid is pel 
I haps preceded by that of diphenyl (Kekul4 
PbO, and H,,SO, give benzoic acid; PbO, an 
bowing dilute HNO, give only oxalic acid; CrC 
gives only CO, (Holder, Am. 7,114).—8. PCI, a 
a red heat forma i’hl’Cl.., diphenyl, and 1 
(.Micluaclis, A. 181, 265; Kohler, /). 13, 1623).- 
9. H.t.'l, at 250“ forms oliloro-benzeue, HCl, am 
S (Schmidt, B. 11 , 1168 ),—lo, Ridic acid am 
7,7 1 = heating slowly form iodo-benzeni 
(Peltzer, A. 136,194).-11. SO,CI, at 150“ givei 
chloro-bcnzene (Dubois, Z. [21 2. 7051—19 
CI..SO,.01I form's I’liSO,Ph.' VliSO.^!’ am 
“■•<')•-13- IfClOformi 
C«H«(OII),Cl, the trichlor hydrin of phenosi 
(Carius. zt 1.36, 32,3).-14. Aqueous HClO.fornu 
Irichloro-phenomalic acid, chloro-lienzene, and 
uichloro-quinono (Carius, A. 142, 129 ).—15 
CrO,Cl, acting upon benzene diluted with HOAe 
(1 vol.) gives tricliloro-quinono (Carstnuien. J, 
benzene is heated with 
there is formed a brown pp. of 
C,H,(CrO,OI), which is converted into qnjnons 
by water (Elard, A. Ch. [6] 22, 269).—16. Con- 
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by water (Liard, A. Ch. (6) 22, 2C0).—16. Con» 
denBcswithaulphurio acid and aldehydes, XCHO 
to XCHPh,. Thus chloral forms CCLCHPh.i 
J^^^wHorrasCBr.CIIPh,; chloro^aldehydslormM 
CiI..Cl.CHPh,; formic aldehyde forms 
(Ooldschmiedt, B. 6, 986; Hepp, B. 6.14^1! 
17. Benzene is not attacked by HIAq and P 
^ 250®, bnt at 280® it gives hexahydrO'benseiia 
iWreden a. Znatowicz, A, 187, 163; ef. B«r» 
Ihelot, A. Ch. [3] 16,160)a-18. When eklor^ 
w passed into benzene containing thiopbAiMl 
HCl is evolved and the benzene then no looMf 
gives the indophenine reaction (Willgen^t. 

benzene is not 

by chloride in the cold and in the dark, but |ii|. 
W®orin sonliglit benzene hexachlorideisfoniM^ 
In present of carriers, ».«. substances 
of combining with chlorine in more thaii fwft - 
prop^ion, cbloro'benzenes are imdaiMdar^SIt; 
NtMe aeid forms nitro- and 
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Brit im 0^, (OvitnMB, B. 11, 916t).-- 
WA)^r-( 0 ,aj;«)Ci. : monoelloie Ubl«t, 
iwnM hj warming BbOl, with beniene 
f^Tateoa BnUb a. Daria, C. /. 41, 411). 

ilPaUatiiia-beaaeaa C,HiK mixod with 
0^iKp Formed by heating benxenu with K at 
S50« (AbeljanJi, li, 5,1027 j D. 10). Blue blaek 
aryaUiline niasa, insoi. benzene. Takes Arc in 
Itf. Converted by water into di-pbenyl-benz* 
«Btt hydrogen, and di.phcny). 

Coiw^t^ufton o/ That the molecu¬ 

lar formula of benzene is C.H^, and not any 
anltiple or 6 ubmul(ii>Ic of this, ia aettled, not 
only by its vapour deoHity, but also by the oxia- 
tonoe of the following aeries : C.lIjCl, 

0<H,C1„ C.H.CI,. C.HCl,, 0„CI,. We may cull 
the six atoms of hydrogen in the molecule of 
benzene, n, 6, c.d, r,/. The first question is: 
are these six uU)ins of erjtial value, or could we, 
by displacing a by an eiL-iiivnt or radieie K. get 
a product dilTcrcnt fru.i. liuHt which would bo 
pi^uccd by dii>phu'ing b by U? 

PboporitkjS L—Four, aC fcasf.o/ t/ir /iyJro^i’n 
atoms are of ivywuf value. 

Ordinary jdienn! contains hydroxyl in pl.ipo 
of one hydro,'*']!: call this hydrogen a. Jlnmiino 
and phosphorus convert phenol into 
Sodium mid carboni'- acid c*mvert lliis broino- 
phenol into sodic benzoate, CgH 4 .CO.Na. Hence 
the carboxyl of bcn/nic acid has tal;*.-:) (h<> 
place of the hydro.'.-n atom a. Now, then* exist 
three ar//-benzoii! acids, (!,.H,(OH)(CO.H), and 
bIocc in these the carlio.xyl is in ]K>sition o, the 
three hydroxyls must Itave displaced three ot)i<-r 
atoms of hydrogen, say b, c, and d. When rlis- 
tilled with lime, tlicso tlireo acids, instead of 
giving three plionols, tlic hydroxyl being in pK-a es 
6 , c, give the same ]>hunal which is idciiti<ud 
with the original phenol. Hence, the four liy- 
drogen atoms whicdi we have called a, b, c, and 
d, are of equal value (Ladenburg, It. 7,1 <181). 

PaoPosiTiON II.-To fivrv/<////ro/ 7 Crt n/'/ot m 
the fnoUcule of benzene there are tu'o j-airs of 
hydfogen atoms similarly related. Benzoic acid, 

A 

0 „H,( 00 jH) gives bromo bcnzolc acid, which 
e •» 

we may call C,.U,Br(CO,Il). This, wlien acted 
upon by nitric oci*!, produces two isonierio 
mtrobfomo-benzoic acids. Wo may call those 

c;H,(NO,)Bi(CO, 1I). and 

f < a 

C.H,(NO,)Br(CO,II). 

But by reduction these lose their bromine, and 
give rise to ainidO'benzoic apids: 

C,H.(NH,)(C0^). These i 
gie nmnd to be i*le.ntical, being anlbronilic acid, 
fiei^ b and / are symmetrically rclatiid with 
Picard to a (Uiibner a. Petermann, A, 119,129). 
Aftw, (binary nitro-beazoic acid may be con- 
^Twted into the above bromo-bonzoic acid by the 
' . e a 

Agao- reaction, hence it is 
Oft Action it gives a di-nitro-benzoio acid 

^ may call C.H,(NO,)(NO,)(CO,n), 
mjU ’educed to C^(NOj(NHJ(CO,n). 


aA(Hood(o4jS). <wa,{SHi(a(ooiHj;^^^^^^ 

« • 

OAa(CO,H). Th« lut Mid U (oand to b« 
idantioiil with th< ehloro-twncoio Mid 
■ • e « 

C,^ 4 C](CO..U) obtained by the dtaxo- roaetioft 
e a 

from 0 «H 4 (NO;/(CO., 4 ^)* Hence e and a are 
similarly rclatod with regm*! t>» a. TherefcMre 
wo have a avcond pair of liYilrogcn atoms simi¬ 
larly itdatcd with regard to <t (llubnor, A. 223, 
94, cf . Wroblewsky, A. 192, 200). 

PaopoMTinN Ill. - The six atoms of hydrogm 
in the moUeule of Iteurene are of etjual value, 

I Since a, b, r, and d arc of eipial value, and the 
! situations of / and e arc similar to ttioso of b 
' and c rcspndivcly, all six atoms of hydn^n 
are similarly placed and i>f c(|ual value. This 
■ conclusion might also Is' deduced from the fact 
that no instance of isomerism among the mono- 
suhstitotion proditcts of Umzeuu has been 
I proved. 

j isommm unioiig di-.^.vb.<tfifu/ton pixviucfe. 
j Since two pairs of hydrogen atoms are symme- 
I trical to any fifth, it follows, that only three di- 
' derivatives of benzene can exist with a given 
! formula. Using our former notation, these aro - 
ab^-nf, ac^ae, and mf. 

This is confirmed by experiment. 

' Structural fomtula. -Hiuca the atom of 
carbon is assumed to be tetravalent, all (ho 
hydrogen atoms of heiizeiio cannot be attached 
to the same atom of carbon, and symmetry re¬ 
quires that they niiist be either eacl) attached 
to one carbon, or eUe three must be attached 
to one, an*l three to another; or, finally, two 
must bo attach'-' »u one carbon, two to another, 
ami the rem .ning two to a third. 'J'lio two 
, latter hy}iothftses do not account for morn than 
i two di- Hubstitiition products; hence the former 
j isrstablishod. The carbon atoms must bo united 
j amongst themselves in a symmetrical fashion.- 
! Kacl) atom of carbon must bo united with at 
least two other atoms, or the group would not 
hold together; but it may bo united with three 
other atoms. The former hypothesis results ia 
the formula: 

I I 

HC. -CH 

H 

Tins is the ring-formula of Kekulb, whicb It 
one of the two formu^ .i originally put forwaM 
by him (A. 137,160). If we number the pod- 
lions occupied by the moms of hydrogen thus, 


fC' 




•C, 


r 


4 
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wv 100 vm io« lomrna duiivs Qm> pontble 
oiiiieDeo oi four di*sabsiihitioQ prodooti—Tif. 
hit li8, 1:3 and 1:6. To get over this diffi- 
ooUy, Eektild resorts to a peculiar meohaoieal 
hypothesis. He supposes that what we repre¬ 
sent by straight linos in a formula really 
cates that two atoms vibrate with reference to 
each other so that tho above formula would 
mean that, in a given unit of time, 1 approaches 
6 twice as often as it approaches 2; and so for 
the oilier atoms. Now, if this were the case, 
the di-substitutioh product 1:2 would differ 
from 1:6; but he assumes that the motions of 
1 are as follows: first, it approaches 6 twice; 
then it approaches 2 once; next it approaches 
6 once; then it approaches 2 twice; then 6 
twice; 2 once; and so on. This is equivalent 
to saying that the above formula for bonxeno 
is true for one instant, after which it changes to 




fC^ ^C5 


and the next instant it changes back again, and 
so on. This assumption leads to the deduction 
that onlv throe di- derivatives can exist, and, if 
wo could devise no other formula for benzene, 
wo should bo obliged to accept It. As a matter 
of fact, it is now almost universally adopted; 
not BO much on its intrinsic merits, as on account 
of tho enormous service has rendered 

to chemistry. 

There romaius, however, a second liypothcsis 
possible, which is that every atonf of carbon is 
uniti>d to Ihroo other atoms. Tho following 
mociiunical vonsiruction may help to elucidate 
this hypothesis. 

Let three rods bo driven into tho ground at 
the angles of an equilateral triangle, and let tlie 
top of each rod be joined by olaslic string with 
the bottom of ouch of tho two adjacent rods. 
A figure somewhat resembling a coronet is 
obtained, and wo may su]>poso tho six atoms 
of carbon in tho benzene molecule situated at 
tho two extremities of eiftli of tho three rods. 
At first sight it might appear that this repre¬ 
sentation the henzone molecule would indicate 
the existence of three di-derivatives—namely, 

(1) when the si'ftstituted hydrogens are attached 
to two carbon atoms atd^posite ends of one rod; 

(2) when they arc attached to carbon atoms which 
are both on tho upper or botli on the lower 
ends of two dilferent rods; (6) when one carbon 
atom is on the upper cud of one rod and the 
other is on tho lower end of another rod. But 
if we assume that fonuulcc and other mechanical 
symbols represent not actual position in space, 
but merely modes of combination of atoms, 
especially showing which atoms are directly and 
which indirectly united, (3) is identical with 
(1), for it can be converted into (1) by simply 
holding the string, at the opposite ends of 
which the carbon atoms have o^n pinoed, up¬ 
right, and doing the same with the two corre- 


held upright, md the figore he tiie eems 
as before. Henoe this ’figure for benzene gives 
only two di* derivations, and aeoordinglv It 
must be discarded. When the figure we have 
just considered is projected on a plane it assomea 
the form: 



This figure, by simply twisting the central rod, 
is converted into 


H e H 

c c c 



1 

: 

H H H 


and if the central rod be now elongated 
get I 





This symbol, whioli has been a favourite 
with some chemists, must, of course, be aban¬ 
doned along with tho solid figure from which it 
is derived; but it is also very easy to see ^at 1:2 
and 1:4 di- derivatives, are identical, since it 
we pick up tho carbon atom (4) and place it 
upon (2), and then take up (2) and place it 
where (4) was, supposing all the while that the 
connections, which we may imagine to be edaetio, 
are not broken, the figure will be wholly on* 
altered. , 

There remains one other benzene formula: 
it is obtained by joining the ends of the threa 
rods placed vertically by six strings as before, 
•but with this difference, that whereas in the 
previous formula tho top of one rod is joined to 
i the bottom of the others, in tliis formula the 
j top of eacli rod is Joined with the top of each cA 
I the others, and tho bottom of each rod is joinefi 
I with the bottom of each of the others. We 
thus obtoin a right-angled prism on a triangolu 
base. This formula, defended by Ladenborg 
{Thecrieder aromatiechen VerbindungmtBrans- 
wick, 1876), is capable of explaining most Of tlie 
reactions of benzene, and the objeetimii that, 
have been broueht lureinBt tt »*» 
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iCH® 



U the tipper triangle be rotated through ISO*’, 
ftnd then the figure be projeoted upon a hori« 
tootai plane, we obtain a figure which resembles 

• star: 

?• 

»HC ^ CH® 

C<4) 

The two former figures are not symmetrical, 
bnt the latter is clearly bo, and it lias tliis 
advantage over the prism formula, that, if the 
atoms of carbon are nurnWred consecutively, 
they correspond to the atoms of carbon in 
Kekuld's formula, also numbered consecutively; 
whereas this would not be the case with the 
second of the three formula) here given, which is 
that used by Ladrnburg. 

For most purposes it will not be nccesRary 
to decide which formula w’c adopt, for both Iho 
•tar-formula and the fonuula of Kckuld: 



BiBj be represented by the simple hezagos: 

He 



The mu&berlng of the carbon atoms here given 
is osed throughout this dictionary. Thus, (ha 
oxprassion CJI^Br, [1:5] must bo taken to 
mean that one bromine atom has displaced the 
hydrogen atom numbered (1) and the other the 
l^diogeo atom numbered (5). 

Phnhusts have tried to decide between the 
hnnui ot Kekuld and Lodenburg. Thomsen 


ir.mt it Mh, IM) 

chemieal di^ favou I<d^biii|'i fomda, bat 
the auomptimif he mokes in the ooarse of his 
argument lead him in other cases to impotsibla 
collusions. The specific volume of benzene 
is whereas that calculated on the assumption 
thar the S.V. of C»U, and Utat of is 

1)9: this would merely sliow that the relation 
between the carbon atoms in the benzene mole* 
culu is different from tlmt iu saturated parafflni. 
If we compare the s^toeific volumes of hezanCi 
dioUvl, and benzene, we find that: 

Hozaue, C.Ji,, has a S.V. HO O 
Diallyl, VJfrl 

Benzene, (5,H, „ „ 9fi*9. 

We see that the difference twlwcen the first and 
second (H’3) is less than that hetwocn the 
second and third (99 '^) and that when hexane 
is oonverUHl into In'tizone by the removal of 
811 the B.V. is lowered by while the 

removal of 411, in converting liexuno into dlallvl, 
lowers 8.V. by only 4 » fi fi. That is to say the 
want of saturation of diallyl is acoompanitHl by 
an unusually large specilie volume, wlieieas this 
is not observed in the rase of benzene. This 
would indicate tliat beiizenu is not uiiHaturated 
in the ordinary sense, and can bo iiHcd as an 
argument in favour of Ladenburg's foriuula for 
l)«nzeue (Lessen, A. 214,129; It. Schiff, A. 220, 
30a). 

On the other hand, the B.V. ot licxahydro- 
toluene (l<^.t'8) differs from that of toluene (116) 
by 2d'H. This is alamt throe limes tlie difference 
(7'2) between the B.V. of pentane (117*2) and 
amylcoo (110). ]l(>iico it would appt ar that tha 
clinnge in the state of Biituration in passing 
from hexahydro' ueno to toluene is of a 
similar char^"U!r to the change in pansing from 
pentane to amylene: the removal of 11.^ in both 
cases produdfhg a diminution of heiwcen 7 and 
8 units in ilio B.V. This 6U]i()orts KekuU's 
formula for benzene (Lossen, A. 225, 119; 
Ilorstinann, /). 20, 7fifi). 

The refraeti>o ])ower of benzene is about 
equal to that calculated on the as.sumption that 
Kekul5*8 fonuula is correct, provided that cer* 
tain assumptions arc made reganling the con¬ 
nection between the refractivu powers of com¬ 
pound moIoculoB and tlie refractive powers of 
the constituent atoms (Briihi, A. 200, 228; 
Kanonnikoff. /. Jf. W, 473). 

Passing from physical to chemical consider¬ 
ations, W'o note first that tho behaviour of 
benzene towards halog<*ns is, on tho whole, 
more like that of a saturated vlia.*! an unsatu¬ 
rated compound. Tht following B))oeial ar^- 
ments have also been employed. Bodiiim acting 
U{>on succinic ether gives succinyl-suocinicether, 
wliich loses U, on or lation, changing to di-ozy- 
tercphthalic ether. Tho formula of succinvl- 
succinic ether may W written in one ot uia 
following ways: 

(I.) co^t.cH.a}.cii, 

CI^CO.CILCOjEt 
(11.) COaEt.Cll.C(OH}:CU 

CH-0(0H):l3.C0,EI 
Oil.) CO,Et,CH.qOH);CH 
I I 

OH:C(OH).CH.CO,EI 






I.OO,L. 


(V.) 00,Bt.CJ 

CO^t.CII.CO . CHj. f 

If ft« first correctly represents 8Uccinyl*8QC(rnio 
•thcr, it must bo supposed to chango into (ll.)i 
riu.), or (IV.) during the oxidation. The third 
formula would naturally lead to the formula 
X(0I1)-CH. 

00|Et.C^---^C.COaEt and therefore 


\CH-C(OU)/ 


HO^ 


,CH = CH 


'SCH 


to the benzone formula **vr- 

\CH=CH/ 

proposed by Wisllcenus, a formula wliich would 
indicate the existence of two chloro-benzdnes. 
The foeond formula 

CO;Et.CH<®<°^ “ ™ >C.CO,Et. would give 
CO,Et.C<C(WlHoC“>C.CO,Et on oxidation, 

a formula based upon Kekul^’s ring. The fourth 
formula, like the third, loads to Uio beiizono 
ring of Wislicenus. The fifth formula would 
lead to Kekule’s or Wislicciuis’ ring, but with 
the carboxyls in the ortho- position, whereas in 
teroplithalio acid they are in tho 2 >am> position. 
Ladenburg'sformulafordioxy.terephthalicacidis 
CH-Cil 


C.CO^Et, the forma* 


y\lU -l/li V 

CO^t.0^1-; —-)< 

\C(0II)~C(0H)/ 
tion of which from fornmlio 1., II., III. or IV. 
requires the improbable assumption of a wander¬ 
ing of hydroxyl such as takes place when salicylic 
acid changes to p-oxy-beulM, acid. Laden- 
burg’s formula can be derived fion|,V, but only 
by assuming a rearrangement of thymsaturated 
unions. * 

By the action of sodium upon malonio ether 
a trioai'boxylio ether, 

CO,Kt 


ClI 

/ \ 

00 CO 

CO,Et.(!H CH.CO,Et 

\o/ ■ 


, is formed. This 


b found to bo phlorogluoin tii-oarbox^lio ether, 
CO,Et 

I 

6 

Hot/' ^ 0(0H), and this ondoobtedl, 

I 8 

CO,Et.O O.CO.Et 

\(0f^ 

favours Kekuld's hj'pothesis, espeoiall; when it 
b remembered that phlurogluoin, 

0(011) forms s tri.oxim C(NOH) 

/ \ / \ 

OH CH H,0 CB. 

C(OU, qOH) lHON)ll <S(ttOB) 

V V 


amber of MkMNluii oi^^ M^o^5i•:bcl^8DB 
deriTatlTes, th« ooostilatioia Imiiwui ftulf 
■till remains unsettled. 

Recent discussions on the Bensene formula^ 
Ladenburg, B. 19, 971; 20, 62; Baeyer, & 
19,1797; A. K. Miller, C. J, 51, 208; Thomsen, 
B. 19, 2944; Claus, B. 20,1422. 


Orientation. 

Benzene gives rise to only one mono- aubsti. 
tution product. It gives three di- substitution 
products, and those, assuming either Kekuld'eor 
Lodenburg’s formula, are named as follows: 

1, 2 » 1, C is colled ortho^ 

1,8 » 1,5 „ „ meta, 

1,4 H „ para. 

When we come to tri- substitution products 
we must distinguish several cases.-^l. Com¬ 
pounds of the formula C«H,Aa, that is to say, 
where the throe substituiing elements or radicles 
are all alike. There are three such compounds * 
1, 2, 3 is called consecutive. 

I, 5 „ „ symtnetrical. 

1,2,4 „ „ irreg^llar. 

2. Compounds of the formula C^HsAB^. Thoro 
are six such compounds.—3. There are ten 
compounds of the formula G^HsABC. 

In the case of tetra- derivatives of benzene: 

1. There are tlirce compounds of the formula 
C.HA: 

1,2, 3, 4 is called consecutive. 

1.2.4.5 „ „ symmetrical, 

1.2.3.6 „ „ irregular. 

2. There are seven compounds of the formula 
G«H»AB,.—3. There are thirteen compounds of 
the formula GgiLA^,.—4. There are sixteen 
compounds of the formula C 4 H.^BC,.—5. There 
are thirty compounds of the formula 

There is only one ponta- derivative of the 
formula C„HA„ and only one compound of the 
formula O^A^. 

The next question is how to determine, in 
a given case, the position of substituting radicles 
in the benzene ring. In isolated oases it is 
frequently found that this may be settled by 
special considerations, but the only general 
method known is that which was thoroughly 
worked out, by KekulS’s pupil Earner, in u 
most laborious research, in the course of whieli 
he discovered no less than 126 new compounds 
((7. 4, 305). This research has done more than 
anything else towards establishing the ring for¬ 
mula for benzene. 

Suppose we convert C^H^Br, intoO^HiBr,: 
by reference to a fignire it will be found that wo 
can introduce a brofnine atom in place of as 
atom of hydrogen in orflto-dibromobenzeoe iA 
such a way as to produce cither a oonseoutlvo 
or an irregular tribromobenzene, but not so as 
to produce a symmetrical product. 

.Mefa-dibromobonzene can give rise to 4HMi« 
seoutive, irregular, or symmetrical, tribromo¬ 
benzene, while pora-dibromobenzene can oA]^ 
give rise to an irregular tribromobenzene. 

An unknown dibromobenzene is thordonr 
para-, ortho- or meta-, according as we can 
one, two, or three tribiomobenzenes by 
it with bromine. Thus the dihioiiMlMQa|l||t:^ 
from dibromoaniline gives rise to thna 



aUf Iba'Mtloa «( Im 

9i brooiia* appn benteiM givat lias 
to gnl)’ one trifaromobeosene on torther treat- 
ttmt vith bromine; hence this product is 
|Mire*dibromobenzene. On the other handt the 
l&i&or ]>roduct of the dibromination of benzene 
^Tae rise to two, and only two, tribroino* 
Mnsenes; therefore it isortho-dibromobonzene. 

In order to inveKtij^ate the cunstitutiou of a 
giTen tribromobcnzene, two methoda may be 
followed : eitlior introduce another atom of 
bromine in place of hydrogen and see how many 
tatrabromolranzenes result, or displace an atom 
of bromine by liydrogtn and carefully ozoniiiio 
how many dibromobenzcucs are fonned. It can 
easily be Bctui by reference to the formula tl»at 
eonsooutiTO tribrornobenzene produces two di- 
bromobenzenesand also two tctrabromobenzciies, 
while symmetrical tribroinobenzeno produces 
one dibromo- and one totrabromo- beuz< ne, and 
irregular tribrornobenzene gives rise to all tlireo 
dibromobenzenes and all tliree totrabromo* 
benzenes. 

The following are the melting and boiling 
points of the bodies described: 

Dibroniobintencs. 

Ortho. . . . 

Meta .... ti<|tiid (2‘JO^') 

Para .... 

TriOromubcmvufS. 

Consecutive . . [ b7°] 

SymiiKtrical . . (27B'*) 

Irregular . . . [ 44°] {270'^) 

Tetrabroinobenxews. 

Consecutive (i, 2, 8, 4) {1(>0*3 

8yimnetri<?al (I, 2, 1, 5) [187-'-140®] 

Incgular (1, 2, 3, 6) am. [ ltU®J (320) 

It will bo observed that tho isomeridcs differ 
widely in meltinK' p(»int8, but very sligluly in 
boiling-points, and lliis is usiially tlie case 
where isonn’rism is due to difTerenne of |) 0 >>iti<jn 
of siibstituent.H in the benzene nucI<M)s. 

The orientation of any given ben/.i-noderiva* 
tive must bo dckmiincd either by preparing it 
from one of tho three hro!i)ob<uuenes, or else by 
preparing a broinobenzcne from it. 

Ezamples. 

Para-dibromobciizene when treated with 
■odium and methyl iodide gives a dimethyl- 
benzene or xylene: i 4Nu-» 

2KaI -f 2NaBr -t- C^H.ICfl,)^. liy oxidation this is 
eoQvertcd first into toluic acid, CJl,(ClIdCO JI, 
and next into tercphthalic acid, C.H,(C<) Jll,.. 
It 18 therefore evident that the xylene, the toluic 
acid, and tercphthalic acid, are all /nra coin- 
Munds. Also since a certain bromutoludhc, 
CgH,Br(CU,), when treated with sodium and | 
toeibyl iodide gives the above para*xylene, it j 
AQ 0 t be the Mni-bromotoluene, and the bromo- ‘ 
benaoio acief derived from it by oxidation— 
C^^BrCH, + 0, - C.n.Br.CO;H + H,0-must be 
poro-bromobenzoic acid. 

At another example we may take the ortho- 
■ariez. A certain brotnooiiiline, bi 

known to be ortho- because when the amidogen 
if displaced by bromine the product is ortho- j 
ilow, this oriko-htomoaniUno j 


ivaaotioB l!ram a nitroanUiaa 
; and this may ba got by acting on a nitroimiaol 
; O.H^fOCHJtKOc) by ammonia, and this nitro- 
ailjsol may bo obtained from a nitrophenot 
P»V.(^^li)(NO.), and this iiitropheiiol may ba 
; itself reduced loan amidopheiiol C,Hd011)(KH,h 
: and this amidophenol may bo converted bv 
dia/.o- nwlion into a chlomphcuol C,ll,(OU)Ch 
and this chhiropheuol may be converted by 
cautious fusion with potanh into a dioxybenzeno 
C„ll,(011)j. All the campouiuis here enuuierat^^ 
. are clearly ortho- compounds, and as the dioiy* 
biMUene is found to bo )>yroeatechia, wo liava 
; proved that jrywo/cfhirt is orf/io-dioxybenzena. 

\ In the }Ktm- series we may trace, in the saiua 
I way, tho connection between /.‘ (libro/uolMsna- 
cno and p-nitruanisol C,H^(OCllJNt.)., Thence 
! wo proceed by the following steps; reduce 
, to C,U,iOCiI,}(NTr), convert this into 
C,H,(Ot-H,)<UU) hy nitrous acid, and treat with 
; liydrio iodide, in this way we gi t a second 
: dioxyhonzetio, whioli is found to ho h>(<lro- 
and this body is therefore a 
compound. Tho remaining dioxybenzene ii 
morc'iu, whicli must be the mcUi- coia^amnd. 

The rules governing substitution in tho bona- 
cue molecule are discussc^d in Uie article Ana- 
UATic SiiiuKS. Derivatives of benzene are de¬ 
scried, as Anilink, PiiKNon, Dkoko- 

NI1JU>., Clll/)llO*, ClILOliO-MTlU)-, lono., MKTJlYtx* 
Kituo., Oxy- iiknzk.n)c, etc. 

BhNZ£N£ KEXAfiaOXIOE CJl.Br,. 

Bromine is dropiied into boiling iHmzoncexjmsed 
to direct sunlight; the hexabromide crystalUse* 
out on cooling; it is separated from tri-bromo- 
beii/.eiio by sobiimation, and finally crystalltSfHl 
from a nixture of alcohol and bonzanw 
I (Mitscherliph, 1\ 3/>, 374; Meunier, C*. ii., 101, 
378; A. Oh. [fij 10, 200). Prisms, isomorphous 
with llu; (a).hcxacUlorido: not attacked hyUNOs 
or li^SO,. Alcoholic KOil splits it up into UBr 
and n-tri-brumo-benzeue, If the proiluct of th« 
ac tion of U})on iMuizeiie hexabromido 

dissolved in bonzeno be oxidised with ehromio- 
niixture, benzoic, isophthalic, terejdithalio, and 
di hroDiobcnzoio acids are formed (Ador a. 
Killicl,/if. [2] 24, 485). 

BENZENE CABBOXTLIO ACIDS v, DsNSoto, 

PlITlIALlC, TVi-MKLUTlC. Tri-MESIC, 

MI';M. 1 TIC, PnKnNlTrC,PVROMi:i.UTIC,MELI.OPIiAin0, 
and Mklutic acii>h. 

Benzene penta-earboxylie aeid C,|n,0,« iA» 
CJl(C 07 ll),. Pormcrl by oxidation of pento- . 
methyl benreno (Fricdcd a. Crafts, A. CA. fflj .'i 

1, 474). Amorphous femtaining Caq). T^f 'i' 
K salt forms small deJiciuesccnt prisms; (hf ' 
salts of Ag, Pb, Ba, Pe, Cu, and A1 fom " 
insoluble pps. 

BENZENE (a).SSXACBLOBIDS i 

Mol. w. 201. [107 J. S.a. 1-87. Preiwired bj ; 
chlorinating benzene in direct sunlight (Paradfy, 

A, Ch. [2] 80. 275; Mitschcrlich, P. 35, $ 

Lesimple, Bl. [2] 6. 101): 350 g. may be got /; 
from COO g. benzene (Leeds a. Everhart, 

2, 205). U may be freed from C,HCL 
CsU,Cl, by treatment with li^SO, or HNOv^ 
(Meunier, A. Ch. [0] 10, 223). MoDoel^ t ' 
crystals; may be sublimed. At 288“ it WU, : > 
•putting up into UCl and (1, 2, 4)-tii-dUMW>’> 


iMjHW. tilt !*«• 
k» bMtlog with ilsdiolia KOE. 

BtaeUont.—l. Zinc nducet Ik In »li!ohollo 
■oloilon, to benzene (Zinin, 1871, 384).— 
3. Fuming nitric nna no action.—8. Silver 
acetate forms crystallinfi C^HjClj(OAo),C,H8CU 

Benzeoe (dj-bezaehloride 
V.D. Formed at the same time os the (b)- 
oompound; when the mixture is 8ubiiine<l, the 
{$)• comi)our)d sublimes last. If the mixturo 
(4 pts.) be boiled with KCN (8 pts.) and nlcohol, 
the (0)-compound ifuleft while the (a)-cuirii)ound 
is docompoM<Hl. Ikgular octahc«lra, cubes, tetra* 
hedra, or tetvakis-tirtcahcdra. Alcoholic potash 
splits it up into HCl and (1, 2, 4)-tri.chloro* 
ben'/eiio, but nmru slowly than the (a)-cornpound 
(J. Meunier, H. !)8. 480; 100. 358). 

BENZEFE.HTBRAZIMIDO- v. pp. m, 370. 

B£NZ£N£ . PHEKYt • HYDRAZIUIDO . 
WAPHTHALEKE e. Demene‘KZo-i)fienyl-{0}- 
naphthulainine. 

BENZ£M£.PY£OOALLOL.FHTHAl£tN v. 

3Vi • OXY ' TUI ' PUKNTb • C'AIUIINOL • CAKIIOXYLIO 
AirilTmitDK. 

B£KZ£NB.TBI-aBIKON£ Cfijaq. So- 

called ‘ oxy carboxylic acid ’ of Lorch. [c. 95‘^]. 

Formation.- 1. Hy the action of UNO, upon 
the hydrocldortdeof totra*oxy-di-aMuilO'beii7.eiic; 
the yield is (io p.c. —2. lly the acHon of UNO, 
upondi-iiiiid()-di-oxy-quinonoO.,(NH)^(OH)Pj(.— 
3. By oxidation of hexa-oxy-bcnzenc C„(01I)rt. 

PnyxoY/es.—Colourless niicrosoopic necillcs. 
Nearly inKoIublo in cold water, alcohol, atid ctlicr. 

Hmctions. By reducing agents it is con¬ 
verted successively into di-oxy-bcnzcnc-di- 
quinono C„(()lltotra-oxy benzono quinono 
OjfOHl^Oj, and finally hexa oxy-benzono 
Ca(011)„. On In'ating to 100’ or on boiling 
with water it evolves CO^, and yiel«k croconio 
acid (Nietzki a. Bcnckiser, li.lS, oUl). 

B£NZEN£.R£SORCIN PHTHALEIN u. Di‘ 

OXT • TUieUK.NYL • CAUniNOI. • CAUUOXYLIC AM- 
HYZ>m)>l . 

BENZENE . 8FI.PK . AUIBO - ANZLIBE p. 
Bbnzbnk-holiuionio Acro. 

BENZENE ■ SULPH - AUIBO - TOLVIDE v. 

BBMZEMK-srLrnoNio Aan. 

BENZENE 6ULFHZNIC ACID C.H.SO, U 
OASO^I. 184®J. 

FomuilunK —1. By adding zinc-dust to a 
cooled aUruholio suhition of the chloride of 
benzeno sul])honic acid; thefesulting zinc salt 
is very slightly soluble in water; it is treated 
with Na.Cth; tbe filtrate is concentrated and 
the acid ppd. by HCl (Schiller a. Otto, D. 
9,1584).—2. the idicnyl-iiydrazido of 

benzene sulphonic acid lliSO^N-^H^l’li, called 
also di-phcnyl-suipliazide, by boiling with 
baryta-water (Limpricht, 71. *i0, 1231)).—3. By 
passing SO^ into a warm mixture of benzene 
and Al.Oh (Friedel a. Crafts, C. H. 80, 1388; 
Adrianuwskv, 71.12. 853).—4. By the action of 
ZoEl, on i\HjSO.Cl (Kalle, A. 119, 156).— 
6. From C,H,SO,Cl and Pb(SEi)^ thus: 
ai'hiSO,CU2Pb(SEt),« 

(PhSOO^rb + PbCla + SJEt, 

S chiller a. Otto, 71.9,163C).—6 . From diphenyl 
snlphido and alcohol potash: 2rh.^,s-4KOU 
•Ph80,Ks 3PhSK4 2H,0 (S. a. O.), 

Froperties.-^hong radiating prisms. SI. sol. 
•oU, V. sol. hot. water; v. sol. alcohol and 


I*- 


Region#.—1. WaUr at 18(P gives beiuwM 
salphonio acid and phenyl benzene^thioaol* 
phonate (Otto, A. 145, 317); the same reaction 
takes place slowly in the cold, especially in pre* 
scnco of HCl (Pauly a. Otto, B. 10, 2181).— 
2 . £thyl mercaptan at 100 ° gives di-ethyl di> 
sulphide and phenyl-ethyl di-sulphide (Otto a. 
ltdssing, IS. 19, 3136). —3. PJiosphorus penta- 
chloride reacts thus: PliSO^II + PCI. 

= PCI, + HCl + PhSO,Cl. — 4. Potash fuehn 
gives benzene and ^SO,.—5. Sodium chlom- 
i acetate gives phenyl • sulphonyl - acetic acid, 

' Ph.SO^.CH,-CO.^H.— 6 . Sodium dUchloro^acetate 
gives phenyl cliloro - methyl sulphone 
I Ph.SO...Cn.^Cl.—7. Afethylene iodide reacts 
1 thus: CH,I, + Ph.SO.Na = NaI + Ph.SO,,CH4.— 

; 8 . Sodium aa^i-chloro-propiojuite acting upon 
' sodium benzeno sulpliinuto gives di-phenyl 
I ethylene di-sulphono, Ph.SO,.C,U,.SO,.Ph.— 

1 9. hhcnyldiydrazine in presence of cone. 

llClAq forms phenyl Bbnzene-thiosulphonate 
I and the plionyl hydrazide of benzene sulphonic 
I acid ( 7 . v.).~ 10 . When 1L80, is added to a 
; solution of Ph.SO,,Na and NO.Na a pp. is got 
, which may be crystallised from alcohah It 
i is perhaps (PliS()„),N()ll. It is si. sol. cold< 

I water, CS, or ligroin, but v. sol. alcohol and 
ether. At 100’ it evolves nitrous acid gas. 
Boiling water, alkalis, or acids, decomposo it 
into Ph80}U and nitrous acid (ICdiiigs, 77.' 
! 11 , C15).— 11 . Fuming nitric acid forms 
' C„II,>'SA which may bo (Pli.SO,),NO. It 
■ forms crystals, [98-5°J, insol. alkalis, si. sol. 
alcohol, m. sol. benzene (Otto a. Gruber, ^1. 
141,370; KOnigs, 77. 11,61.5, 1.590). 

Halts.-BaA'^: clumps.—/nA'.^: tablets,si. 
sol. nlcohol and ctlicr, si. sol. water (Kallo).— 
ZnAV7a»|: insol. cold water (S. a. 0.). —AgA’. 

Kthyl ether EtA'. - Formed by means of 
I Eton and HCl, or, together with CO,, by heat¬ 
ing Ph.SO^’a with Cl.CO.Et. Non-volatilo oil. 
KMriO, in acetic acid solution oxidises it to 
]’h.80,Et (Otto a. Bossing, B. 18, 2495; 19, 
1225). 

Benzene di-inlpbinie acid G,,H 4 (SO JI )2 [1:3]. 
From [1:3] C„II,(S().CI)„ and zinc-dust (Pauly, 

! B. 9. 159.5). Oil.-JiaA". 

BENZENE-SULFH-NITB-AKILIDE v. Brvz- 

EHE-SUnPHONIC ACID. 

BENZENE 8UX.PH0NE v. Di-piip.nvl.sol- 

•PHONK. 

BENZENE SDIPHONIC ACID CJI„SO, i.e, 
CJli.SOjH. PhenyUsiilphurous acid. Sui 2 )ho<‘ 

; bemolic acid. [42‘’j. 

Fontuition.—l. From benzeno and fuming 
; (Mitschorlioh, .P. 31, 283, 034; Ston- 

: house, Pr. 14, 351; Wurtz, C. if. 64, 749).— 
2 . Ily the oxidation of benzene .sulpiiinic acid 
: (Otto a. Ostrop, A. 141, 36!)).—3. By the oxida> 

{ tion of pheuyl mercaptan: PhSll-hOj^PhSOsH 
. (Vogt, A. 119, 151). -4. By boiling v-diazo- 
' benzeno sulphonic acid with alcohol under 
pressure (B. Schmitt, A. 120,12!)).—5. Together 
with phenyl benzone-thiosulphonate by heatiM 
benzene sulphinio acid with water at l$(r 
(Otto. A. 145. 817): 

8Ph.SO,H - PhSOJl + Ph.SOrSPh + H,0. 

iVe/xirafum.—Benzene (2 pts.) is ahakeo 
I with fuming H,SO, (3 pts.) with gentle wtnia« 



{N(f intnM 6^ omlln^ 

bmene, aflutoa, tnd neatnlis^d with BaGO. 
or laftd earbonoto. In th« illtrato the Ba, or 
Pb. salt is decompoted by H^O, or ro. 
ipectirely, 

JVqptfritM.—Small, foor^sidod, deliquescent 
plates loontaining l^aq). 

Rtactions.-^l. Uy fusion with poiash, 
or a mixture of the (wo, it is converted into 
phenol. The percentage of phenol obtained in* 
creases with the amount of alkali and with tho 
temperature of the fusion. Tho p<'rcentago of 
phenol is given in this (able; one e<iuivalent of 
acid being nsoil: 


KO[{ 

2 

3 

8 


NhOIC T<’ii)|>eratitr« Tht-nol 


253*^ 

210^ 

207* 

202* 

280® 

211 ® 

277® 

ariO® 

252® 
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Maon o( KS. w a lalt oI buMB* nliiMak 
and fOerhaidt a (%tno«l, C. A. BS, 690), or b; 
maing stalorina into an aqoeoat tolotion ol 
PhSO,H (Otto a. Oatop). Oil i t. aol, alcohol and 
tther. Slowly eoIidificB at 0® forming latga 
Aomhio crystals. May be distilled in vaouo, but 
18 much decomposed on lK)ilingundnratmoapheriQ 
pressure. Hardly attacked by water. 

Jieactiom." l. Tin snd IICl form phenyl 
mercaptan.—2. Sodium iwuiUjam or /iiKt, forme 
a benaeno sulphinato.-If. TCI, at 210® givee 
C„H,Cl, phospliorue oxychloriile, and SO,CL 
(K<'kul6 a. Harhaglia, /(. 5,H7i‘0. -4. rhO.uivee 
at 180® PbSO, and CJl.Cl (WaHaeli, A. 214, 
210). '6. iViemd (1 mol.) and i^iiu'-dust givee 
l*h.SO,rh; phenol {\ mol.) and ZnCL givei 
ri».SO...C,H,.O.SO,.rh (?) 1123 ®) (Schiaparelli. 

0.11,00). I V » . 

Jiromids Ph.SO.Br. Front riiSO.II and 
IlrjOKo.d. 141,372). Oil. 

•fiHtde rii.aSO.NIL. iii’ust'ni'. suipJuimidt, 
licmenc auliihonamuh. (lOO ’J (llybhencth, y(. 
221 , 200 ). H.'43 at 10°. Formci] by the action 
, of Nil, on tho chloride <)r bromide (Otto a. 
The potassium , Ostrop, A. 141, 305). or, in small qiinntitiea, by 
” - i heating the ammonium salt ut 200'‘ (Stonhonso, 


23 

7 

79 

1 

26 

2 

89 
04 

90 


gives H.»S<)„ benzene, HO,, and di-p)ienyl-sul* 
phone.—4. Dry dhtilUition of Oto 
salt gives benzene and small quantities of ben* 
zeiie sulphamitlc, diphenyl, di-phenyl sulphono, 
phenyl mercaptan, ami (traces o?) quinolino 
(ErU, B. 18. 575).—5, The (Kdassium salt dis* 


(P. Degener, J". pr. 125, I0I).- 2 , .. , .. 

salt distilled with KCN or K.tVCy, gives henzo , . .. .... 

nitrile (Merz,/. L2j 5, .i.l). 3. Dry dhtUlntion \ Pr. II, 351). Needlo.s (from wjiter) or platee 
mv..a Tt s:n 1 ............ -.. I i: . (from alcohol). V. si. sol. water, sol. hot Nil,Aq, 

v. sol. alcohol and ether. Ammoniaeal AgNO* 
gives a pp. of rh.SO..NHAK. With PCI, the 
amide gives rh.S(),.NH.PCI,11.3r'] (Wichfdhaue, 
J{. 2, 502). Siiccinyi chloride gives riao to 
4 'ii 1 -41 V vir • I * 4 , PhSO^N:(C,0,,)C,ll„ [lOO'j.whenceconc. NHjAq 

tilled with NaMI, gives aniline (Jackson a. Wing, ‘ produces J’h.SO,.N.CO.0,U,.Cl>,.NII„ (106®) 

Am. 0, 75).--0. Distillation of the Na salt gives ^ ((terhardl a. Chancel, C. /C 35, 0‘M);*(Jerhttrdt 
di phenyl sulphide,di-phonyldi-sulphide,phenyl • a. Chiozza, A. Ch. (3] 47, 129). 

mercaptaM.CO.,and HO, (Stenhouse).—7. A mix* j .. 

ture of II SO, and water boiling at 175'^ converts ■ 
it into bcnzcMie and li,SO, (Armstrong, C. J. 45, \ 

161).—8. Fusion with potassium formal gives I 
potassium benzoate. 

Salts (Freund, A. 120, 76; Kallo, A. 119, 

161).—UaA,nq: pearly plat-".B, si. sol. ale-oliol. ^ 

—CiiA'jOaq: large blue tables, sol. alcohol.— j line) a:6:c«^ *662:1:?, o«87" .Oy', 3 91® 31', ym 
AgA'Saq: tablcs.-ZnAVmq : six-sided tables, j 03° 24'. When this imido-chlorido le heeled 
Methyl ether Uiik'. S.Q. 1-27. Formed i it splits up into benzonitrilo and benzene 
by action of NaOMe upon Ph.SO,Cl iu ether (U. I aulpho - chloride (W^allach a. Oo.s.smann. A. 

Iiabner, A. 223, 23.5), Oil. 21* .. 

Ethyl ether ElA'. 8.O. ^ 1*22. From | 


/fcn^oyI dcrtrnfii’c l‘h.SO,NHHz, (147°), 
I From Ih '.'/.ene snljilionimiide and Dzt.'l at 146® 
j (OerhanJi. A. 108,214; Wallach, A. 214, 210). 
I Prisms (from alcohol). Salt. PhSO.NNttBx. 
I Silky neodli'S (from alcohol). UeacUons.-^ln 
i PCIj gives tlio imido-cliloride Ph.SO,.N:CCl.Ph 
fH0®J, This fonns triclinic plah s (from bonzo* 


NaOKt and Pli80,Cl in ether. Formed also by 
oxidising PhSO.El(Otto a.Rossing, B. 19,1225). 

Oil, miscible with alcohol, ether, and benzene. 

Saponified by boiling water. 

Propyl ether PrA'. S.G. 1179 (If.). 

Phenyl ether PhA'. [35°j. Formed by ! fonned by treating the cliloride with a^iueooe 
acting upon Ph.SO,Cl dissolved in benzene with . methylaiiiine (Uomburgh, It. 3, 16). 

e«\/1«i4tn .nK/.nnI I'/wtv,..'.! a Ion V... oo4 nf ol... ! If . 4 I. .. I j.. .. — * .1 . r.i. (<y. 


j 214, 210). Aniline converts the Imido-chlor* 
ido into phcnyl-suIphonyl-phcnyl-lienzatnidiM 
(PhSO,N):C(NIlWl).J>h.-2. The Pb and Ag d#- 
rivalives are converted by Rtl at 100® into the 
original amide (lieinsen a. i^aliner. Am. 8, 235), 
D i-5cn«oy/Aeru»af ttJcJ'hKO,.Nllz,.ri06°], 
Methylamide Ph.SfVNnMe. An oil, 


sodium-phenol. Formed also by action of zinc- 
dust on a mixture of phenol and PhS^Gl. 
Trimctric crystals, a:6:c»*0647:l: *8576. V.soL 
benzene, ether, and alcohol, insol. water. 
Slowly saponified by boiling aqueous KOH; 
alcoholic Nil, even at 200® does not affect it. 
On nitration it gives the nilro-phenyl ether, and 
also a tri-nitro- derivative (U6°] (Schiaparelli, 
0. 11. 60; B. Otto, D. 19, 1832). ^ 

P‘NitrO‘phenyl ether C,IIj.SO,.C,H,(NOJ. 
r82®}. Formed by nitrating the preceding; or 
irom p-nitro-phenol, ZnCL and Ph.SOjCl (Sobia* 
pil^in, 0.11,70). 81. eol cold alcohol. 

Chloride Ph.SOX4L-~HsnMiis tulnluscA^ 


Methyl nitr >.amide Pli.KO,.NMc(NOJ. 
[4 l°j. From the preceding and UNO, (S.G. 1*4®. 

JKfAj/fawid*’Ph.SO^NKtll. (68°J. From 
the chloride and NKtH. (itomburgh, h. 8,18). 

Ethylonitro^amide Ph.HO,.NEt(N6j4 
[44°]. Formed by tho action of HNOgOa tot 
preening or on the succeeding compoaoda 
Needles (from alcohol); volatile with steam. 
Di-methylamide. C,nj.RO,NMe- lAn 
Di^ethylamide Ph.SO,.NEt,. [42°]. 
Anilide Ph.KO>'HPh. [102°] (Wollaoh. 
i. 214. 221 ). 8. 4'»atl6°. From th* shlorid* 
and anilin. (Billl, A. 91,107 : Oerieka. A. lOO. 
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Imb tlwprMMdiBc mi or nw<^l 
mi B-ehloto-milina nVolhw a. HnUi, B. 8> 
4S5). 

o-KUro-anilide Ph.SOrNH.C.H,(NO,) 
fiai. [104°]. From o-nitro-anilinc and PiiSO,(lj 
(Lellmon, A. 221, 1«; U. 16, S9t). YclloM 
plotaa, aol. alcohol, glacial HOAc, and CHOI,. 

m-Nitro-anilide Ph.HO,.NU.C,H|(NOJ 
H:8]. [132‘J. From m-nitro-aniline andPhSO,Cl. 
Fiat yellow needles (^.]. 

p-Bitro-anilide Ph.8O,.NH.0,H,(NO,) 
[1:4]. [1311°]. From p-nitro-aniliiio and 

Fb.SOjCI. Yellow crystals. 

o-Amido-anilide Ph.S(),.NH.C,H,(>i’II,) 
[1:2]. [163°]. From the o-n!tro.anilide by tin 
md HCi (L.). Needles (from 60 p.c. alcohol). 
V. ooh alcohol, si. sol. ligroin. - li'ilCl. 

• p-TohUde I'h.SOj.NII.O.H.Mo [1:4]. 

(13 0'^]. From tho chiorido and jn'toluidine 
(Walloch a. Hutb, Ji. U, 427). 
m^Nitro^p^toluide 

Fh,BO,.NIt.C,Il,Mc(NO.,) [1:4:3]. [99*’]. From 
tho precoding by nitration; or from Fh.SO^Cl 
and nitro p-toluidino (Xiollmann, A. 221, 16). 
Cubes (from alcohol). Not attacked by alco¬ 
holic KOH. 

Di‘nitro-p’toluide 

Ph.SO.,.Nl!.Cjr,Me(NO.).,. (178®]. Formed by 
nitration of tlio ^> toluidc. Yellow prisms, si, 
iol. cold alcohol (Lellmarm, J{. 10, 695). Not 
attacked by alcoholic KOIl. 
m‘AmidO‘P’toluide 

rh.SO.,,Nll.C„lI,Me(Niy (1:4:31.(140*6®]. From 
the nitro. compound bv tin and IICI. Colourless 
needles (from dilute alcohol); si. sol. water. 

di-phe « yl-aviide Fh.SO.NPh,. [124®]. 
From FhSOXl and NUPh., ttt'2«0® AVallach, 

A. 214, 220), Hilk-liko needles (fvom^lcohol). 
Sol. alcohol, other, or benzene, insA. water. 
Cone. li^SO^ forms a blue solution, Insol. 
HClAq. 

Phenyl.hydratidc C„U,.,NAS i.e. 
Fh.BO,.N.Fl.;i’li. Phenijl-hmzene.suhduteide. 
^phenyl siilphazide. il48°-150°]. p'oniia- 
Uon. —1. Hy the action of SO, upon dior.o.bon- 
lene [Kamigs, /?. 10, 1631; Wicsinger, B, 10, 
1716).—2. From benzene sulphonio chloriile and 
phenyl.hydrazine (Fischer. A. 100, 132).—3. 
Prom Iwnzfne.stilphinio acid (g. r.) and phenyl- 

hydrazine hydrochloride (Ksealcs, B. 13, 803)._ 

4. By reduction of C.lI,.N,.SO,.C,H, with zlno- 
dust and acetio acid. iVc/wrafiott.-Aniline is 
dissolved in alcohol saturated with SO,; the 
■olution is cookai-kllow 0° and a oono. solution 
ol about double tho theorotiftil -iiaiitity of KNO, 
i» slowly added; after standing lor 24-36 hours 
preoipihiled by water; tlio yield is 80 p.o. 
ftwwfics.—While felted needles (from alcohol). 
With NaOKt it givos a very onstublo crystalline 
Mdluni compound C„H„NbN,SO, Beaction.— 

By boiling with aqueous alkalis {i.*. baryta- 
isater) it is dcoomposed into benzene sulphinio 
jeld,benzene, and N,; Ph.N,H,,.SO,.Ph = PhH + 
12^"^ + (E-. B. 18,893; Limprioht, B. 20, 

BiHZENE-o-DISniPHOHIO ACID C.HAO. 
^ ®^<(SO,H), [1:2], From omido-benzene 
OMiil^auio acid by zulphonation, diazotisa- 
jm, md boiling with alcohol (Drebet,B. 9, 



kfiMpbisK 
At»id$ 0^ 

BenieBt-tn-diialpkoaior odd 0,H,(SO,H^ 

Formation.—Ftom amido-benzone p-sol- 
phonio acid by sulphonation, diazotisation, md 
heating with alcohol (Zander, A. 198, 8). 

Preparation. —When benzene or benzene 
sulphonio acid is treated with fuming fliSO, 
both m and p disulpbonio acids are formed. 
The m acid is formed chiefly when the tempera¬ 
ture is low or when the mixture is kept at a 
high temperature for a short time only (Uuckton 
a. Hofmann, C. J. 9, 255: Barth a. Senhofer, 
B. 8, 764,1477; 9, 9(i9; Limpricht, B. 9, 650; 
Korncr a. -Monselise, B. 9,583). Benzene (1 pt.) 
is freed from tliioplicne by sliuking with cone. 
H,SO„ and is then dissolved in fuming (70 p.c.) 
sulpliurio acid (1 pts.) at 40°. The solution is 
heated for 2 hours at 275°; cooled; poured into 
water, and neutralised wit,h lime; CaSO, is re¬ 
moved by filtration, and the lime salts of the 
m and p acid may bo separated by crystallisa- 
tioii, tho former separating first (liiuschcdler a. 
Busch, Monit. Scient. 1878, 1169; cf. Egli, B. 
8, 817; Heinzelmaiin, A. 188, 159). 

^ Properties. —Very deiiipicscent crystals (con¬ 
taining 2 Jb(i). Tho alkaline sails are v. sol. 
water. 

Salts—Na,A"4aq.—K,A"aq. S. 66-6 at 
100°. —BaA"2aq. S. 44-2 at 100°. Large 
prisms.—CuA"Gaq: v. sol. water.— CuA"l',aq.— 
ZnA"48q.—l>bA"2aq. S. (of I’bA") 86'2 at 20°.— 
Ag,A". 

^ Beaction .—1. By fusion with potash or soda 
it is converted into resorcin. Tlie acid is first 
converted into m phenol sulphonic acid (at 180°). 
Tho amount of resorcin formed by fusing this 
httly (1 mol.) with potosh |21 mols.) at 270° lot 
10 minutes is 2-7 p.c., at 270° for 20 minutes it 
is 21 p.c., and at 250° for 30 minutes it is 26 pg;. 
Wlicn soda, or a mixture of potash uud soda, is 
used, tho yield is rather less (Hcgencr, J. or. 
128, 318).- 2. By fusion mih potassium cyant^ 
tlio potassium salt is converted into C,H,(CN)„ 
whicli, when boiled with potash, gives isophthalio 
acid (W'isliconuB a. Brumior, B. 4,984; Eosa- 
Garriclt, Z. 5, 619; Borth a. Scnliofer, A. 174, 
238; B, 8,754; V. Meyer a. Miohler, B. 8, 672). 

Chloride C,II,(SO,Cl),. [63°]. From 
sodium benzono disulphonate and PCI, or 
S,0,C1, (Heumann a. KOehlin, B. 16,483). Mono- 
symmetrical crystals, a:6:c -1"1991:1:0-8688, 
fl-85° 44' (Otto, B. 19, 2424). 

Amide C,H,{SO.NH,),. [229°]. Needlea. 

Beniene-p-disalphosleacid O.H,(SO,H), [1:4], 
Prepared as above. Th6 potassium salt distilled 
with KON_ gives di-oyano-benzene, which, on 
saponification, gives terephthalic acid (Wislioenoa 
a. Brunner, B. 4, 984). 

Saits.-K,A"aq: thin plates. 8. (of KA") 
66-6 at 100°.—BaA'aq. S. (of BaA") 7-19 at W.— 
Ca.A"Bq.—CuA'laq.—PbA"aq. 8. (of PbA") 
24-9 at 20°.--ZnA"4aq. 

Chloride O.H,(80,01),. [131°]. Needles. 

Amide C.H,(SO,NH,),. [288°]. Thin 

•coles (from water). 

9-B*iiieBe-trt*talphoBie aeid 0.< 
[1:3:5]. Prepared bp beaiiog 5 pto. of the potiaraoit 

sail of the mAaa. orwu diasnlnhAnlA aaU ivtiK il ■ 
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4u to th* prtMnM ol KH8O4 or of potaasinm 
pyioialpliate. B7 heating tM potastiom tall 
with KCN the nitrile of trimcsio acid OA(CO,H), 
hi obtained. KaOIl fusion yields phlorogluciu| 
IRie Ba salt is sparingly soluble in water. I 
Salt8.-K^'"3aq.-Ba,A'V-l^a4^V",Gaq.-J 
Pb^'"4aq: slender needles, v. sol. water.— 
AgtA^'daq (Senliofer, A. 171,243). 

Chloride: [1H4”]. fnoo^] (Jack, 

son a. Wing, B. ly, «y8). 

lUnzoyI-amide C.,n,(SO..NHBi!) 3 . 

A n tf tdcC,H,(SO^i'hH),[i37-](J ■.4m.'J,340) 

Berivaticcz of the sulplionic acids of bens- 
ene are described as--DiAKOBi%NZ>:.\R spu'IIomo 
iCin (p. 405), SVLI'lKillENZKNE-A/oXYBKN/KNK 
SULPUONIC ACID (p. 428), AUUH)-, BboUO-, Bi;tOiO. 
AMUK)', Bi«iuc)-KiTu<>', Ciiu>no., Mkthyl-, 

KITBO-, l*JtupYL., ItKNZKNE BULI’HOMC ACIDR. 

BEKZEKE BI-SBLPHOXIBE v. Pubntl 

BiriZKNK-THlOfiULPIIONATE. 

BfirZERE SUlEHYDBATE v. Tueuvl U£ 1I- 

CAPTAN. : 

BENZENE THIOSULFHONIC ACID 

Prqyaration.—l. By the action of KIIS on 
benzene.suiphonio chloride.—2. By beating a 
solution of a salt of bcnzciie-sulphinio acid with 
sulphur. 

Balts.—KA': t. sol. hot alcohol and water. 
—NaA' I'aq. 

Ethyl ether CJIj.SOj.SKt. EthyU 
phenyl-di-sulphoxule. From the potassium 
salt and KtBr. Colourless heavy oil. Insol. 
water, iniseiblo with alcohol and ether. Slowly 
volatilises with steam. On reduction with zinc 
and iljSO, in alcoholio solution it gives phenyl 
mercaptan and etliyl mercaptan. Boiling 
KOHAq gives benzene suiphinic acid and di* 
ethyl di'sulphide (Otto, B. 15,127). 

Ethylene ether A',C.JJ,: [85'^]. Formed 
by heating an alcoholio solution of the Na or 
K salt (2 mols.) with ethylene hromide (1 mol.). 
Small thin silky needles. Without tuslo or 
smell. V. sol. benzene and hot alcohol, far less 
in oold alcohol. By warming with alcoholic 
XOH it gives benzene suiphinic acid, ethane di* 
Bulphinio acid CJI,<SOJI)j, and di elhylene 
tetra-suljdiido (GJI,)jS,. By wanning with 
alcoholic KIIS it gives the potassium salt and 
ethylene mercaptan CJ1,(11S),. If the i^co. 
bolio solution is warmed with ethylene mer* 
captan, benzene suiphinic acid and di ethyleno 
tetra-sulphide are produced. On reduction it 
gives primarily benzene suiphinic acid and 
ethylene mercaptan. By wanning with alco* 
holio HjS it is codverted into phenyl tetra. 
sulphide, ethylene sutjdiydrate, do. ((>tto a. 
Btesing, B. 20. 2079, 2090). 

Phenyl ether C«Hj.SOrSG,H«> Benzene 
di’Sulphoxide. Diphenyl di-sidphMuU, [45'*j. 
Formed by the decomposition of benzene sal* 
pbinic acid (0. v.) by boiling water, or even by 
spontaneous decomposition (Panly a. Otto, B. 
9,1039; 10,2181; 11,2070). Monosymmetrical 
prisms, a:6:c-l'446:l:l'4709 (Otto, B. 15, ISl). 
Beactiom. —1. By snpont^fton %BUh alkalis 
U is decomposed into benzene sulphinio acid j 
m 4 4i.pheoyl.di.sulphide: 


Jb) CJI»,SOj.S0,Hj+ CJi,.SE 
C,Hj.SOJI + (OJIJ,S- 
The benzcne-thiosulpbuuio.phenyj.ether reastt 
^in the cold with sodium phenyl meroapUda 
according to the lost equation (6) (Otto V 
Itu.ssiiig, B, 19, 1235). - 2 . Eiiw-duU added tO: 
an alcoholio holutiou gives zinc phenyl msr*. 
cnplide and zinc benzene sulpliiiiate.—8. H|84 
forms benzene suiphinic acid, phenyl mercaptattg. 
phenyl totra sulphide, do. -4. Zincphenpl mer*' 
captuie added to an alcoholic solution gives dU« i 
phenyl dt-su1phide and zinc benzene sttlpbl* 

' nate.— 5. Plu’nyl mercaptan oil heating forms 
I dt-phunyl di-sulphido and b4mzciio sulpbinia 
acid.- • 0. Ethyl mercaptan at 115 ’ gives di^thyt 
di-sulpliide, phenyl-ethyl disulphide, di-phenyl 
di-sulphide, and other products (Otto a. ItOssiagi 
B. 19, 3137). 

BENZENTZi ALCOHOL e. Orf/ui-BSKSom 

ACID. 

BENZENYL-AMIOINE v. BENZAMiDum, 
BENZENTL-TBI-AMIDO-BENZENE 

0.,n„N, w. IMOT. 

A midophenylcnc-bcnzamuUne. P'roin benienyl* 
nitro-pncuylcnc-diamino, tin, and llCi (Uttbnert 

A. 208, 809). Noodles, v. si. sol. water, ▼. m 1» 
alcohol.-B"2nGl.H"2HNO,.-B"UjSO,2aq. 

Benzoyl derivative ' 

Pb.C-^,^^“>C.lI,NUI) 2 . [ 12 B»-ai»»]. From 

di-benzoyl'nitro-pheiiylene4iamino diseolvad itt:. 
HOAc by boiling with tin and JiCl (lluhemaatti 

B. 14, 2053). Plates (eoniainiiig aq, from dl^ta 
alcoh^). B'JiCl: needles. 

BBNZSNYL.(5)AHID0-a-NAPHTK0L 

C„H,.NO U. 0,A<n>CC.H,. [122]. Prej»wd 

by reduction of the benzoybderivative of 8- 
nitroso-(a)-naphthol (Worms, B. 15, 1816)* 
Colourless medics. Sublimable. BoL alooll^ 
and acetio acid, si. sol. water. 
Bensenyl-(a).aiBido.(8).naphthoi 

C..H,<J;>O.C.H., 

Fomaftoit.— 1. As a by-product In the ne 
duction of 4^).nitra (A)-DapJitliyl-bonzoat8,-^ 

2. By* heating bonzoyl-a:iiido-(8)-naplithoL*~ 
(Buttchcr, B. 10,1930; C. C. 1881, 898). 

Projicrtiez.-honK colourless needles. Balb 
limabic. V. 0 . sol. alc<^l q^ier, and bottssaii 
si. sol. ]>etrolcune-ether,'insoi. water. Blssoli^ 
in strong acids. Its solutions have a beMif* 
ful blue £lui 'osooucc. B'JljGl,PtG] 4 : r«u«« 
needles. 

BENZBKTL-{a).AHU)0-NAPHTETL 
OAPTAH [103'*]. 

by beating benzoyb(a)'naphthyIaiiiine p(^ 
with sulphur (1 pt.) for two hours (yield aO Bim 
(H ofmann, B. 20, 1798). Obtained 
oxidation of the tbiobenzoyl derivative 
naphtbylamine C, J 1 ,.N:C(BH). 0^4 with 
sium ferricyanide (Jacobsen, B. 20f 
Glietening colourless needles (from alc«ll% 

V. aoL ether, benzene, and hoi alcohol* Yhg 






BiMttyl.( 0 ).tiaiao.nsphtliyl mtrMpUn 

[107°]. Prepared by 

t_II < ... 


mann, B. 20.1803). 

BEHZEITTI, - AMIDO - PHEH ASTHBOI 

rflXNiNTUIIE.SK, 

BEWZEinri.o.ABIDO-PHEKOL C„H,NO U 

Ph.C^^>C,H,. [103°]. ( 0 . 315°). From 

o-amido-phono! and BaCl or phtimlio anhydride 
(from dilute 

■“ V IL. sol. dilute H..SO,. Split 

*’“*“'0 “Ofif end o-amido- 
S'lft^tc/*'' decomposed by water.— 

BEBZENYL-BlAUIOO-DIFHEirTE C„H„N, 
U C.U,.C<'Jjj>C.H..C.n, [198°]. Vrom 

HOA7'tn‘I" '' elecial 

MOAo (llubnor. A. 2119, 317). I’latcs itrom 

alcohol).-B'nci.-uyi,|.ici..LB'*HSO ' 

l.UHlNE™"f. • • r^WiENE 

® f*a»'*'™-™r-A.itDo.i)e.NznNB. 

BESZENYL-AMIDO-PHENYL hehcaptan 

C„H,NS t.e. [1;2J 0.11,^CPh. [116°]. (c. 300°). 

“ “■“°°*onitrilo with sulphur (H 8 
and &CN being ovolvod).-9. In »3‘7a!"ty 

amide “'''oridc on mothcnyb 

amido-phcnyl mercaptan.— 4 . From thi(A.n 7 nin 

1068).* 1». 

« f'eated 

.i.M rn'^‘'vfr ‘o boiling. The 

' f;.:r<r'.“CdC'" wS""itr“^s„, 

ahnoBt nnaltered on boifgTvr^a.p.t 

1286, Iicinann a. Piobst. B. 16, 203 :) *’ 

B ■ THIO - CSESOI » 

BEKZEITYI. . AHIOO - THW - PHEEOI. .. 
B*s«ENrp.A«,po.p„Esvp naacArTA!,. 

BEKZEKYE . THl . AMIDO . TOETOHE 

e..H„N,a,.Ph.C^^ffXH.Me.NHr fj:,.-! 1 

w.t«.-Bkcril'4Ae0^' 

*®^*^^^Sl-AMlDO.fOEDEHE 

N ^®AMe.NH, [{;! *1 (7). 

tl»^-918°{!' , . 0«H.4».Oaq. 

®Mxine, tin ami 


JA.NsacA{OTj<^>o-oA P 26 ^. 


heating Wzoyl.(fl).naphthyIamine with euI-U sfenderneedles.—B'HCl: tablM'demm^” 

»EII21!Wvi.-AiriTin -- f DI-BENZEHYE THWMIlfE^*’*’’’**””"™'' 

0..H„N, i.c. |Ph.C(NH))yiH. [109°]. Formed 

by boninip hfinKamiilmA »riAU a . «« 


|?inn:r7Kfe"n!Tnr8)."‘'* 

• PHENYIEEE . DI. 
aanfli v. BESZKNTL.pnENTLE.VI!.DIAMlVK 
AM?»f - BBOMO . PHEimEHE - DI- 

0,.H.BrN, i.e. C.H.C<NH^OJH.Br [>:4]. 

K°l' benzoyl-bromo-nitro-aniline by 

rMuot.on (Habner,A8, 664; 10.1710). Small 
B^^SO ~ B'HNO,.- 

SEUZENYL-DICINNAlftEENE-DI-AMIME 
PhCH;CH.CH-NH. 

U„U„N, ».c. I \CPh 1207°) 

^.PhCH;CH.OH-N-<^ ' 

For™ IP ■ Slyoxaline di-hydride. 

Pomod by heating di-bonzoyl-dicinnamyleno-di. 
amine with potash in a sealed tube (Japp a. 
&/• P'aint yellow Crystals 

foT Ftim ‘n “ “ 'O'-lrochloridc, 

i “ P>-“»'<«>norid. 

C H.cciiNOb^ (125°) at 46 mm. j (230°) at 
In T; 7 Colonriess 

?» L f •.“'“'‘“I and ether, insol. water. It 

Poc7o 1 ”^“^ ‘’ll”'''®" “ alkalis. 

Formed by the action ot NaNO, and IIRI 

ClTc(N"Hhat““‘S' I' l.enzeny1-am?doSS 
Nil the , 'mating with alcoholic 

Nil. the parent substance is reproduced. By 
heating with sodium ethylate it yields benzcnvl 
ethoxira-ethyl ether 0„II,C(OK):NOEt (Tie- 
mann a. Kriignr, B. 18, 727? 1057) ' 

o BBNZENYE - EIHOXIM - ETHYL ETHEH 

cthozim-chloride C.H..C(NOEt)Cl with sodhim 
ethylate. By HCI it is decomposed into benzoic 

H \ OpJV"’ of hydroxylamina 

HjN.OEt (Tiemann a. Krilcer, B. 18 742 J 

BEN2ENYt.ETHYI.AMlDnriE CU^k t. 
PhC{NEt),NH;. Prom bonzamidino" and*Eti 
(I inner a. Klein, B. 11,7), Oil.—(B'HCl) Ptn 

DI.BEHZEHYL.IMIli0AAHW o dS: 

iNTijgiAMraa. 

B^ZE^ • - PHEHYLEHE - DI. 

c J“2,??S5 I‘^“®™®““-chloeide 

C,H,.CCl:NOMe. (225° uneorr.). V.D. 74-95. 
Formed by the action of HCI and NaNO 
‘“"“oyl-amidoxto* 
1057 ) (Krilger, B. 17, 1689) 18. 

wat'er?^ **“*“*- Bsroln, inaoL 

BKKZEMYL.MBTHYL. PHEMYLEME-Bl. 
**A«* e. B«iai»n,.pBaMymra. o..w~T 



mmom-H mTinuu iMiAiinrB h.so,. 

0.^.^.i^PhO<«^>O..H.. p,10»]. From ,w.,e 

^nzoyl*mtTO-(5)*DaphthylamiDe, iin, aii<l IIClj|lo»K n<H)dlo3, v. e. aoL water. — AgA.': wMte 
in presence of alcohol (Kbell, A. 208, 028 )./gelatinous pp. 

Tolfowish crystals, si. sol. water, V. eoi. nloohoij( The silver salt on ilistillation 


, 208, 028 )./gelatinous pp. 

Yellowish crystals, si. sol. water, V. eoi. nloohoijjl The silver salt on ilistillation 

Salts. — B'UCl. — B'HNO,. — B'JLSO,. - ! gives u ketono * Anhydro-toiifl’ktiarnins* 
small needles; NaOliAq or'hot water j C„H„N<0 or 


removes the isoamyl iodide. 1 r u r n rn p w r*r^'"NHv « ^ 

BENZ£NYX.^XAMI1)XN£ is BKN;;rNYL-AMin- ! . N ^ 4 -CO.C,H^C'^ jj 

oxiii (g. V.). [277*1 which forms salts n"21ICl and B'^IIaPtClg, 

BEKZENYl.OXIBIDAMIDE U Bk.nze.nvl. „ ''7,,’Ji-''!;''''.??, 

AMiDoxju (n. t'.l. iimllcs (htoJilaril, II. 11.2U31 Brilokner, it.S05| 

BENZEWn-PHElIYl-AMIDIHE in Piiknvl- ' »><''■''r. “10. 3»7). 
ni(ZA>ni.i.NK. BENZEN YL ■ FHEHYI ■ TRIBRAKIDOXIK 

BENZENYI-M-BHENYL-DI-AMIHE r. D:- NIfCl.HJ;X<)H. Formrf 

PBENYI..UKN2.AMIIHNK. oomluimtjon of phenyl-tluo-carblmide 

BENZEBYi-o-PHENYIEHE-M-AMINE (KflKOr. H- W, 1000). 

Hates, v. c. sol. aIcA)ho], other, and boDzeno. 
C„H„N, j.e. j. >C.U,. [280°J. BENZENYL-PHENYL-URAMXDOXIK 

Anhy<lru b(mv;{l-tli-amido-bi’tuoie. I'Vom hcii* ' C„H.,.C(NIl.(’O.NIlC„llJ:Nl)lf. jE^ormad 

zoyl-o-nitro-anilim*, tin, and ilCl (IJiihner, .1. i by the combiimtioii of phenyl cyanate with 
208, 302; 210, 328). Plates (fru»n glacial i benz-anii«loxim tKrilger, U. 18, XOflO). Wbita 
UOAc). M. sol. alcohol, si. so). ben/.< no and ! plates. V. o. sol. alcohol, ether and bonzsue. 


water. insol. cold water. 

‘ " -- ll'lll aq.- BENZEHYL-TOLYLEBE-DIAMIHE 

BllNOj.-BsHjhO, l.taq. pi t 

lii'aciiofis. ^ 1. Ikiuoyl chlorule at 200® ^C,il,.CII| jlilj 

U.... A II ..i. i ...111. _ . .. _ ^ ^ 


has no action. 2. Hcuteil vvitii cyanogrn \ ^2i0°]. From bcnzoyl.nitro-n.toluidino. tin. and 
iodide and benzene, i)ttlo yellow oiystala ol UCI (lliihiier, A. 2(IH, Illfl). Also by beating 
l’h.C<'^'v'Nc.II, [100°; are formed (Ilowe, ' acelopln nojic with o tolylcne diiimine (Baden. 
A r Mi'i a Jf/Z I ■ >1 I *’“’■3 “■ li'‘Kbeiinur, 1). 12, iWl). Cryatallin^ 
n iV zl'J77.,?; “^“'1 I"""" water, v. sol. hot alcohol! may bo dil. 

C|,H,MeN..Mer, (111°), whence jiotaah lorms tiilcl. 

C ,I1,M.'N,M.01I [152".l. insol. hot water, si. Salts. II'IICI: needles: si. sol. cold water 
sol. cold alcohol. It forms the Mlow. an,1 almhol.-B^lI,,SO.: needles; v. s,.sol.ooU 
ing crystalhno salts: C,,lf.MeN.MeCIaq.— water.^ 


jO,,H,Mi!N,MeCI)..I’tC),^C|,ll,.MeN,MeI,i 2 « 0 °;. j Itmclkme. - l , ilMyl itdide at 210° givea 
C„Jl,.MeN,Me.NO,. - C„ll.MeN,MeS(),ll aq.— | C„H„MeN..MeI, 11(I()''J wheiieo KOII forma 
A. tAhijl uidulc forms at 130’ C,.H htS^, ni. ‘ C,,ll„MeN;MeOI£ [114°], insol. water, of whieb 


sol. water. It forms solulilc cryKtallino sails 
B'HCl and ll'.II SO,.~-o. Kllod- iodide at 210 


has,; the following salts are cryslullino, viz,: 

I C„n„Mo.N.CI2aq. - (C„II„Me.N.,).,l'tCl..- 


forins Ci.iyCt.SjNtl. [la.-.-'j win nco hot potash i C„ir„M'e,,N'l.-C„H'„Me,N.,s’o,lL 'Nitrousaoid 
liberates the crystalline animonmm base pi-odiicesanitro.comiionndC,.IJ,.(.NO.,)Mc.N.OU. 
C,,ll,iNt.N,,lNt01f :l:i2'j,inso,. water and alkal.s, A. 210, 871) whmh forms a 

si. sol. cold n eohol, v. e sol. benzene and ,,i„ti„„oliluri,l„,(0„H,.(NO.)M,i.N.,CI),l‘tCl,.and 
Iigroji). Its s.'uts arc cryfitallnie and not do* nduccs to an aniido-compnund. 2. 

composed by MI,, Na,CO,. or cold KUII, but jit .'KKl mvc* fl 22 ^] whcQM 


ritluci's to an aniido-comiiound. 2. li'.thyliodidt 

‘‘'a ^ '’‘‘Hs.- o„H,>;t N./)lt llf.:ri an.fits salts 

C,.H,htN.LtCl 2 aq. -- (C,,H.F.tN,EtCl|,I'teV C„II„V.t.N..CIIlCl. iO„lf„Ht,NJ,Pt01,.— 
-C„lI,EtN,Ii,tl. - C,.ll,tt.N.bl.S(),llaq.— C„ll,,i:t,N,I.-C„ll„Kt.N,SO,h aq. 

6. Jsoampfto.fnfeat f70’givos C„lJ.((l,lt„)N,. wpM.vMvr.- tolyl toiyiemp hi 

Salts. — B'llCI. — B'lII. - li’fl.NO,.-- BENZEKYt-p . TOWl-JOIYLEKB . M. 

B'lI.SO,2aq.- 7. /sonmyf iWitfe at Ilia for21 AMINE 11110°;. Needletof 

hours give., C„1I.(C.11„).S,(C.H„)I, (112 Tbe ! . ,, 

free ammonium base, C„11,(C.U„).N',C.JI„01I ; P"'*'""; Fmimd by reduction ol benzoyl-nltro. 


for 21 I AMINE [j'{|"^y(>C.C,II.. [100°;. Needfst Of 


rsi® and 92*j crystallises from alcohol,«nd ia 
insol. water. Salts.—B'CtiI,,Cia 4 (arid 3ttfi).— 
ByC,U„),PtCl,. - B'C,H„KO,.HN«,. [90®J.-- 
li'CjH,,!.—8. Cone, nitric acui forms a nitro. 
com{x>aDd, C,,II,(KO,)N 2 » [196®J.—9. IlgSO, 
forms an unstable sulphonic acid. 


di-tolyl aminc with tin and HCl. 

Salts.- IV!JCla<p—ByiijSOt*; prisms {ZitlU 
inann, li. 15, 832 ). i ,, 

BENZENYL-XYIsYEENE-DIAMIKB 
C„n,.N. i.e. C.H..C<*'jj>aH,Me, [pAji; 


BEHZEinri. - PHE»YtEBE.r DIAKIHE -p- [195°]. From benzoyl-nitro-zylidino [18I1«J, tto, 
OABBOXYUC ACm C.H.<J5«>C.C.H..CO.U. 

Slender needles (oontaining l|aq). Almost eompoand, crystallising in yellow needles [203^ ' 

...14 « eel tn Let U«1 Tl'Urt 1.04^1 VT OA 


insol. in cold, T. soL in hot, water. Prepared 
^ tbo oxidation ot talaenyl.phenylene4iaimas 


Salts.-B'HCl.-B'HNOr-B'H.SO.e- 

B'H,C,0,. 


• - - 

fi4Bbeiui^ 

NMdlei. — B'HClSaq 


fthfo-ijlidiae [178®]. 

<H«bD«f. B. 10, mi). 

BWr2.IByTEREKB 0„H„ C307®-30B®]. 
Formed in leading bonzone throagh a red-hot 
ftabe (Bertliclot, J. 1800, 641; 1807. 599, 005;I 
Soholtz, 1), 11, 95). Small leadels. Almost^ 
fcsolttble in alcohol, diflicultly soluble in hot 
acetic acid and in cold benzeno. 

BBHZ.Fimil rh.CO.CO.O,H,0. 

(41®j. From benz-(uro!n and Fchling’s solution 
at 50® (Fischer, A. 211,229). Yellow needles. 
V. sol. alcohol or ether (unlike furil). Volatile. 

Tttra-hromide C,aHgO,Br^. [127 -128®]. 
Yellow needles. 

BEKZPURILIC ACXB G.JI.A i.e. 
04 H,O.OPh(OIi).CO,H. From benz-furil and 
inaeous KOH at 00Prisms (from a mixture 
)l ether witit li;^ht petroleum). Turns brown 
ii 108®, V. sol. other, alcohol, or chloroform; 
tl. eol. light petroleum. Its aqueous solution 
(radually decomposes. The crystals in cone. 

give a titoo<l-ro<l colour, turning brown. 
The oily residue got on evaporating an ethereal 
solution of henzfurilic acid gives with cono. 
HjSO, a reddish-violet colour, wntor then gives 
a htackisli-blue pp., wliich dissolves in cone. 
H,80, giving a blue colour (M. I'isclicr, A, 211, 


Tolanblx’strong 

SaUs.-^A"Ag,: vhita. amortihoos 
A'^a lOaq (Griess, B, 18, 3420). 

* Imido-pbenFl-beiia-gljeoojainidi&s * to* 

NH.C,H,.CO 

died. HN:C<' 1 [1:81. Formed bi 

heating cyanoarbimidamidobonzoio acid witb 
o-phenylcno diamine ^Oricss, B. 18,2414). Six* 
sided tables. Nearly insol. water, alcohol, and 
ether. It has both acid and basic properties. 

Salts: A'^a.—A'HIICI: white six-sided 
plates. _ 

BEKZHYBRAUIBE v. Bbnzoic iiDEnTOX. 
BENZHYBBAZOIHv.Tiu-piiknyl-hidiuzoIm. 

BENZKYBROL v. Diiuikn’vl CAimiNOL. 
BENZHYBEOLENE C„ir,„. [210®J. Got by 
distilling succinate or benzoate of benzhydrm 
(Linnemann, A. 139, 1). is identical with 
tctia-phenyl-clhane (Zagumenny, J. R. 12, 
431). • 

BENZHYBROXAMIC ACIB v. Hydroxyl* 

AMINK. 

BENZHYBRYL ACETATE v. Awfyl-BENZ* 

nyi)i(ot.. 

BENZHYBRYLAMINE v. Dt-rncNTL-CAR* 

nmVLAMINE. 

BERZHYDRYI-BENZOIC ACIB v. Exo-oxt* 


991): 

iEHZ.rUKOlH 0,,n,.0. U. Eitho, 
Ph.CH(OU).CO.C,II,0 or C,a,O.Cn(OII).CO.Ph, 
[187®-139'^J. From furfurol (18 g.), benzoio 
aldehyde (20 g.), alcohol (90 g.), water (80 g.), 
and KGN (4g.); by boiling for 20 minutes (K. 
Fischer. A. 211, 228, 21. 13, 1339). Slender 
prisms (from alcohol). May be distilled. V. 
•oi. hot alc<»hol, chloroform, or benzene,^1. sol. 
water or light petroleum. Alcoholic KOl^orms 
a dark*rcd solution witli bluish-green reflex. 

BENZULYGOCYAKXNE C,11,N,0,. Formed 
by boiling the dicyanido of tn-amido-benzoio acid 
ji>.p. 157) with KOHAq (Griess, li. 1, 191; tit 
708: ^.4, 725; C,72H) or by the action of cyan* 
amide on an aleoholio solution of m-amido* 
braxoio acid containing NH, (Griess, B. 7,575), 
.'tfbia white four-sided plates (containing aq). 

hot water, v. si. sol. ether, insol. Nff;,Aq, 
iol, aqueous mineral acids. Boiling baryta 
aoBYtrta it into tn-amido-benzoic acid, urea, 
VSttMi nramido-benzoic acid. * • 

SaUs.-imCl.-B’.H.PtCL 
BSRZ6IYC0CYAHIB1NE CJ1,N,0, U 

by the prolonged 


heating of ' ethoxy*eyanamid(fbenzoyl' (v. p. 
l5[^ with aleoholio Nil, at 100®; or by the 
aeuon of oyanamide on o-amido-benzoio acid 
fOriete, B, 1. 191; 3, 415; i?. [2] 5, 574; B. 
7» 874; 8, S22; 13, 077). Nacreous laminie, 
Ikiri. ed. water, si. sol. boiling alcohol. Its 

J (iirate forms narrow lamintp, v. el. eol. alcohol. 
{Utinochloride: 

« Oarbozy • phenyl • beni * glycoeyamidine 
HN.G^H^.CO 

- . I I . Formed from a 

<}0liP.OJg,.NH.C«^N 
B&liRiiie of ' dicyanamido.benzoyl*' 
H5H».(yi,.co 

' and m-amido-beuxoio acid by 
•-N 


RENZYL-nENZOlC ACID. 

BENZHYBRYL CARBOXYLIC ACIB v. Exo* 
OXT-DRNZYL-nEKZOIC ACID. 

BENZHYBRYL PHENOL v. Pi-oxt-di* 

PHENYL-BIKTHASK. 

BENZHYBRYL-iso-PRTHALIC ACIB v. OxY- 
benzyl-«o-piitiiai.ic acid. 

B£IfZHYBRYL<PE0PI0NICACIB «. y-oXT* 

7*rnENTL*DUTTniC ACID. 

BENZHYBRYL-PROPIO-CARBOXYLIC ACIB 

«. OXY-CAimoXT-PlIENYL-PROHONIC ACID. 

BENZIBlNE and derimiives v. Bt-AMmo* 
nipUENTL arul derivatives. 

BENZIL C, ,n„0,» C,H,,GO.GO.C.n,. Bi* 
benzoyl. [95®] (Limpricht a. Schwanert); 
(341>®-348® corr.) (Wittenberg a. V. Meyer). 

Formation. —1. By passing chlorine into 
melted benzoin :* G„H,.CH(OH).CO.C,H, + Cl, - 
C«U,.CO.CO.C,H,-f-2HCl (Laurent, A. Ch. [2] 
59, 402).—2. By oxidising benzoin with nitrio 
acid (Zinin, A. 34, 188), and in small quantity 
by the air-oxidation of benzoin dissolved in alco* 
hoNc potashC,,H|,0,•fO*"G, 4 H,uO,-I-H.p (Lim¬ 
pricht a. Schwanert, B. 4, 335).—3. Together 
with stilbene by heating stilbeno dibromido with 
water to 160®: 8C,H,.OHBr.CHBr C,II,+ 2H-0- 
C,H*.CO.OO.C,H, -I- 2C,Hj.CH:CH.C,H, + 6HBr 
(L. a. S., A. 145,338).—4.«Together with tolana 
by heating tolane-dibromido with water to 200®: 

• 2C,H,.CBr:CBr.0.H, + 2H,O- 
0„H„0, + C,H,.C:C.O,H, + 4HBr 
(L. a. S., B, 4, 880).—5. From tolane*tetra‘ 
chloride by heating it with glacial acetic aoid 
or with cono. BLSO. to 165®: 

C,H,.cSyCCl^C,H, .*■ 2H,SO, - 
C,4H„0,+2S0, + 4UCI 

pLlehermann a. HomeTer, B. IS, 1975).—6. Qp 
beating benzoyl chloride with sodium unalgaois 
3C,H,.COCl -I- N^«C,4H„0,•t’ SNaOl (Kli^ , 
B, 16, 996). - 

ppvpara/Km.—BensoXn ie heated with twidt./^ 



MmT h powfJ iatD vtitr, ^ tiM bt&iU, 
pariM fajTMijftol- 
ii itfeo from boiling alcohol. 

iV«|icr 2 M«.-oCi 7 stalU 8 e« from hoi alcohol 
B transirareut yeUow needles; from ethor, by 
ipontaneous oTaporation, in large six-sided 
irisms. Insol. water, v. sol. hot alooluil and 
ether. The crystals are optically active, showing 
■omotimes dextro-rotatiou, soutetiines lfl)To*rota- 
tioo, but having no hcroihcdral fata^s. Inactive 
in a fused state or in solution (Descloiseaux, C. C. 
1870.4 lKh 

1 . Benzil is readily attacked by 
noticing agents. Iron filings and acetic acU, 
or tine and hydrochloric acul, acting upon the 
alcoholic solution, convert it into betizoin (Xinin, 

A. 119,177). Wlion heated with alcoholic jv>hTS- 
$ium hydrovul}'hide. at 190° it yields a mixture 
ofdeoxybenzoin (CJI ..CH..CO.C H. I and be nzoin 
(Jena, A. I-'jo, H7). 8o<iiutn am iJ.jtim nn«l wuler 
convert it into hydrohmzoin (Zincke a. Korst, If. 
8 , 797). Wlien a solution of bcn/.il in moist ether 
is exposed in a sealed tuU' to suiilij'lilthe hcn/il 
is reduceil t4 >C,,ll,.<)„ [131 '-13iV'], 
vvhicli separates in ro>*‘ll<'S of wliito or pivic yel¬ 
low crystals on the sides of the lube, whilst the 
ether is converted into al«lehyd4‘. On melting 
benzil-benzoin, or on nltcinpting to n'crys- 
talliso it from any of the usual solvents, it 
broaks up into henzil and ben/oin : 

2C„H„0, 4 C.,I1,,0, (Klinger, Jl. 19, iHhli. 2. 
Benzil is vc-ry stable pnvanls oci h. It may bo 
l>oib‘<i with fuming hydrochlorir. neid without 
undergoing ciiango ; cone, suljtliuric ucid dis¬ 
solves it, imd the addition of water precipitates 
it unalt'Tcd ; or«linary strong nitric tieid does 
not attack it. On boiling it wit!) fuming nitric 
acid, however, it yields a nnxture of two 
dinitroben^nls, C,,Il,(N(),)/>„ whicli rtniy bo 
separated by crystallisation: (Klahedral crys¬ 
tals [181°], si. sol. alcohol; and laminte [117°}, 
less soluble than tlic foregoing (Zugumenny, 
J. R. 4. 278). An iso^linitrobemil i'JtKV'] has 
boon indirectly prepared by tlio oxi'lalion of a- 
of 7 * dinitro-dcoxybenzofn ; v. si. sol. a'colm!, 
m. sol. boiling benzene or glacial acetic acid 
(OolabclT, J. h. 1.9, 29). A vtononiimhciuil, 
C,,H,{SO^)Oj [110°}, has aluo been indinrtly 
obtained by boiling 1 part of deoiy-benzoin 
with 8 parts of nitric acid 1-2), or by 

adding benzoin to nitric acid (S.(l. 1*5) cooled 
to 0°. Yellow lamina) or flat needles; ni. sol. 
^oohol, more readily in ether. lint alcolmUe 
potash decomposes it Into potassium m azn- 
brasoate and potassium m nxvbenzoate; 

2 CHH,(NO,)g, + 4KJIO« 
N^C.H,,CO,K), ^ 2C:H,KO, + 211 X>. 

Tin and hydrochloric acid convert it into aimdn. 
dcoxybtnto'in, C,4H|,(N1I,)0 (Zinin, A. Suppl. 3, 
158).—8. When heated with sodadint/r. benzil 
Jidda benzene and benzophenone, COfCJI,), 
(Jsoa, A. 155. 87); distilled over heated lithafge 
it yields benzophenone (Wittcnl»erg a. V. Meyer, 

B, 16, 501).—4. When benzil is h«ated with an 
aonal weight of caustic polath or caustic soda 
mMolved in 20 parts of water, the benzil slowly 
diMoires, forming a benzilate (v. Bzxziue acid) : 
<y^OO.CO.C,H^+KOH - (C,Hi),C(01I).COOK. 
i ifoantity of diphenyl-oarbinol is formed 


foUuk dttacMa bamawith airioiaiodottrt m 
oeatii^, thoeoloBria dischargad andtiif sdatioa. 
ronlains potassiam beniOate. According to 
lainger (foe. eif.) agucous i>oUsh gives this colour* 
blion only with benzoin, and iheuonly whenahr 
i iiadinittcd. When iKMizilis diesolved, without 
! Veating. in very dilute alcohtdic pota^di (4 grama 
KOH to the litre) and allowed to stand, with 
i exclusion of air, for aboi.t a fortnight, it is coB* 
j vortedintoamixturoof Iwq eiMiip.>und 8 .Gft,H |.04 
[20<)°- 201°] (Tdmpriclit a. Sehwmu'rl's so-cnliM 
j ethyl‘dibentoXn) and C,J1,,(), [232 ]. The alco¬ 
hol lakes part in the forniHtion of these com- 
‘ pounds : 2C,,n,„0;<* C.H„(>*C„li .,044 11^0, 

’ Bnd3C,4H,„<), 4 t 411,0. TliefB 

two substances can bo separated by recrystil- 
i lisatioD from alcohol, in wliieb the eonipouod 
I CmH^jO, is the more soluble. Tiie coinpou nd 
j CmH^iO, is si. sol. boiling iilcoliol, k1. .^oI. boiling 
benzene, v. sol. boiling glacial acetic acid; de¬ 
posited from alcohol in eolourles-i granular 
crystals with 1 mol. of nleolud of rrvstallisation 
whicl) is expelled at 120'^' hut not at KfO^t 
crystallises also with 1 mol. of aoetic acid and 
with benzene of crystnliii^nlion. The com* 

! pound Ci.H^.O, is finally purilied by dirsolrii^ 

I in boiling phenol and precipitating with uloohol; 

I yellow cryKtalline powiler, v. si. sol. alcohol, m. 
j sol. boiling phenol (.Iai>p a. Owens, 0. J. 47, 

I 90 ; f/. also liimpricht a. Schwanert, !t. 4 885), 
Benzil also reacts with isoprovyi alcohol: whan 
I it is dissolved in a dilute lolulion of eausUe 
! potash in isojiropyl alcohol ( 2 : 100 ) and allowed 
: to stand for some nionihs in a slopperi'd vessat 
j a c4)nii>ound (M7°-1-J8‘’j is formed; 

2C,,1J„0,4 0,11.0 ■=• 0„11;,0,4 O, a reductioa 
taking place, C„H„0, forms very hedrou* crya* 
tals, of ^nmhohe'lral habit, v. si. sol. iKtiling 
uleohol flapj) a. Uaschen, C. J. 49, H32).—5. 
Henzil rearts with acetone in prcrtence of oaiisUr 
potash.yieldingthecomjioundKacelon e-ben ail, 
anliydracetone-benzi i, 
and anhydracelone-dibenzil, CaiH^O, (v. 
AcktonI'Mikszii., p. ,H2). With viethtjl ethyl 
ketone it yields methyl-anb ydraeelons ban- 
zil, C,,.!!,/),: colourless thin nrisiuK [179®]; 
with dulhyl kettme. dimothyl-anhyaraca 
tone-benzil, 0,.H,.0, : rhornboidal platet 
1150°}; with methyl yrntpyl ketone^ athyl 
anhydracotorfb-benzil, C,J1,,0,: noadlAl 
{1.55 }; with methyl heryl ke.Ume., iirnyl-inhy 
dracetonc-bcnzil, silky neaillai 

fl.'iO'.'p"] ; all sol. alcohol (Japp a. Burton,, 0. / 
51, 4.31).—fi. Benzil reBcl)-’-«iflfViinmonut, anti 
al«> with aldehydfk and ammo7iut jointly, tc 
form a number of well characterised condeniA- 
tion-compounds (r. Bknzi7<, AMMoxtA-nRftxrATTTKf 
or). Heated with ariHne in a scaled tul;»a tC 200^ 
it yields bemil-aniivle, C.H 5 .C(N.C,nd.CO.Oji 
[10-5°]. Yellow prisms, sol. alcohol (Voigtr* 
pr. [2184,2.3).—7. Warmed with (],2,4)-toInefiii 
diamine in alcoholic solution it forma 
toluguiiioraline: 
cji,rj> H,N\ c*rr,.c-Kv 

14- y.Tf,.cn,a H I V3 ,h,.cit,*«V6 

C,H,.C0 C,n,.C-N/ Tv 

(HinslK-rg. B. 17, 822). Benzil also wacta wiA 
ethyleneMaminc to yield a crystalline eompoBril 
(Mason, 2i. 19, 113). — 6. Forma compoimdl 
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M fcjriMBTUra u wi^ieoiu; 
llooho^ii^ntion at iha ordinary tamperatora 
baatil'fncmO'Oa^im 0^t.C(N.0H).G0.04H, 
ll80®-l8X®], even when an excess of hydroxjl- 
amine U employed. Small square white lev* 
letii V. sol. alcohol and ether, el. boL watm 
(Wittenberg a. V. Meyer, B. 16, 606). 
with hydroxyiamme hydrochloride in mctnyi 
alcohol, with the addition of one drop of hydro* 
chloric acid, a dioxiw, (a)-di 2 )}ienyl-glj/oxim 

C,H.-C(N.OH).C{N.O^).oA [237°J separates. 
Forms lustrous white lamina, si. sol methyl 
alcohol, alcohol, and ether. Dissolves in cunc. 
caustic soda and is reppd. by acids. Sol. with 
dilhoutty in ammonia, the solution giving with 
silver nitrate a yellow pp. {Goldschmidt a. V. 
Meyer, B. 10,1617). It benzil, hydroxylamine 
hyuroohlorido, and alcohol, acidulated with hy* 
drooblorio acid, are heated in a scaled tube fur 
several hours at 170°, an isomeric {&)>dq}hcni/l‘ 
gluojdm [606°] is formed. White noodles, v. 
sol. boiling aloohol, si. sol. ether and boiling 
water. Sol. caustic soda and ammonia. Tiio 
(a)*con)poundcan bo converted into the (i8)-cum- 
pound by heating it witli alcohol in a sealed 
tube at 1B0°. The nature of this isomerism is 


^.. . SWiHSl® 

tor lozne an (ootottrless 

pnsmg, soL boiling wafer, melting at a 

compound, 0,,HjX0 [196®-197°}, are formed. 
The compound UifH^K^O forms lustrous pale 
yellow laminio or flat needles, si. sol. bouing 
water and benzene, v. sol. boiling alcohol. It is 
feebly basic and forms with hydrochloric acid a 
colourless salt which is stable only in presence 
of excess of acid (Japp a. Miller, G. J. 61, 29). 
When benzil is heated with absolute alcohol 
and hydrocyanic acid at 200° for four hours, 
it is decomposed into benzoio aldehyde and 
othylic benzoate: CaHj.CO.CO.C„H^ + C.HyOH =» 
CJiyCHO + C„HyCOyCjHj, the hydrooyanio 
acid apparently undergoing no change. Benzoio 
acid is also formed (Michael a. Palmer, Am. 7» 
191). Benzil and alcohol may also be made to 
roaot to form benzoio aldehyde and cthylic ben¬ 
zoate by triturating benzil and potassium cyau^ 

I ids with alcohol; but in this case a portion of 
; the bonzaldchydo is further changed into bei\* 

' zoin by the action of the potassium cyanide. By 
neutralising with sodium carbonate the small 
quantity of benzoio acid which is also fomicd in 
this reaction, and which would otherwise decom- 


not understood; but analogous cases of iso¬ 
merism have been observed in the benzil and 
benzoin groups - thus benzil and isobenzil, hy- ; 
drobenzoitn and isoliydrobenzo'm (Goldschmidt,! 
B. 16, 2177). By heating benzil with phenyl- I 
hydrazine on tlm wator-bath, bonzil-di-phonyl- ! 
hydrazide, 0„H..C(N,lf.C..H,).C(N,II.C,Uj).C„il, 
1^5°}, soparutes. Faintly yellow needles; v. 
sol. hot chloroform and benzene, si. sol. alcohol 
and ether. Gives a dark-violet colouration with 
eono. Hulphurio acid. Does not regenurute 
pbonylhydrazino when heated with strong hy- 
woohloric acid (1‘ickel, A. 262, 260).-^. When 
benzil in nlcohoUc Bolution is inixoiP with an 
excess of nearly anhydrous hydrtKyanic acid \ 
and allowed to stand, largo, colourless, tabu- 
. lar, rhombic crystals of benzil dihydrocya'iUU 
0,HyO(Oll).CN 

I are deposited (i^iuin, A. 31, 

0,H,.C(OH).ON 

189). Tho same compound is formed when an 
ethereal solution of benzil is mixed with pow¬ 
dered potassium cyanide and cono. hydruchlorio 
acid is added drop by <lrop, cooling <luring tho 
operation. M-dts at 132°, wifii decoyiposilion 
Into benzil and liydrocyanio acid. Insul. water 
and l)cnz(-n(\ v. sol. ether and light petroleum. 
When dissolved in alcohol it is decomposed, 
even io tho oohif>ii^ benzil and hydrocyanic 
acid (Jacoby, B. 19, 1519).* When lincly pow¬ 
dered benzil dihydrooyanidc is mixed will) a 
large excess of a concentrated solution of iJ Hr in 
glacial aci tic acid atul left for some weeks, a solu¬ 
tion is obtained which by spontaneous evapora¬ 
tion deposiislustrouscrystnls of diqthenyldartra~ 
C,U,.C(OH).CONH„IIBr 
mtefe hydrobromide i 

C,H,.CiOH).CONU, 

[186°) and these, when accomposed by ammo- 
ma, yield the free diq)henyldartr<imide. Y. sol. 
aloohol, V. bI. sol. ether (Burton, B. 16, 2232). 
Pare benzil dihjdrooyanide is not hydrolysed 
by Qone. hydroohlorio aoid, bat when an ^eo- 
owie solution of benzil, to which an excess of 


pose tho potassium cyanide, 1 part of the cyan¬ 
ide may bo made to induce tho foregoing change 
in 50 parts of benzil (Jourdan, B. 16, 658). -*10. 
Benzil unites with nitriles in presence of cone, 
sulphuric acid, taking up tlie dements of water. 
Thus when powditrcd benzil (I mol.) is sus¬ 
pended in oonc. sulpliuric acid, and propionitrile 
(2 mols.) is gradually added, cooling during the 
process, a comiK)undC^H,..N.,0,[l97°3 is formed: 
C, ,H, A + 2C,,HjN + H.O = c;^H,.,N,0,. Lus- 

Irons, colourless needles; v. sol. hot alcohol. 
Boiling with dilute sulpliuric acid deconiposoa 
it into benzil, propionic acid, and ammonia.— 
Witli bon/onitrilo and sulpliuric acid benzil 
yields a mixture of two compounds whicli coo 
bo readily separated by moans of their very 
dilTercnt solubilities in hot alcohol: 

[108°], analogous to the propionitrile derivative, 
V. sol. boiling alcohol, crystallises from alcohol 
in eillorcscent oblii|uc prisms of the formula 
(Cj,Hj.NA)aKlDH; and a compound 0^,11,NO, 
(225°j, almost iiisol. alcohol, v. sol. boiling 

f ibcnol, si. sol. boiling benzene, which crystal- 
ises from benzene in microscopic, flat rect¬ 
angular prisms : 20, ,H,,0, + C,U.,N + H^O =» 
C,hII„NO, f C,II,.CO,H (Japp a. Tresidder, B. 16, 
2652).~11. Heated with somowliat more than 
tho equivalent quantiiy of phosphorus penta- 
chloride, benzil yields dichloroih'oxybenzoXn 
{chloroUnzit) C„Hj*CCl 2 .CO.C„Hj [71°]. Short, 
thick rhombio prisms, ipsol. water, v. sol. ether, 
not so readily in alcohol. When healed with 
alcoiiol or water to ISU' it yields benzil and hydro¬ 
ohlorio acid. Zinc and hydrochloric acid, acting 
on an alceliolio solution, convert the compouna 
into deoxybenzoTn; acetio acid and zinc-dust re¬ 
duce it first to deoxybenzoin, and finally to stil- 
bene. PCI, at 200° replaces the remaining oxygen 
Atom by 01^ yielding tolane tetrachloride, 
C„U„CI, (Zinin, A. 119,177; J. 1880, 614? A. 
149. 374). 

IsobeaiU.—1. A substance having the same 
composition as benzil is obtained by acting with 
sodium amalgam on a solution of bexuK^ 




BipQLi 


lUptila it (Om 

17i)> Oldinaix Moiil is (i 
tins (Klinger, R 16, 995), 
eolonness tabular manocUni 


eolonrleas tabular monocUnio orystals, also lus- 
treos lamina) or needles [145°-150'’j, sol. aloohol, 
ether and CS.- It is probably a polymeride of 
bensil, for when treated with bromine it yields 


ether (Btigel, A., US, bensil-elldtyde-siiiaseaiti 
is (onnM rt the same more readily andsnlood il the Metteos U 
995). Isobenail forms latter eUss ere desotibed 6rtt 
leiinio orystals, also las- tBiuonoNS or Bsxin, wttb iumross 
[145°-150'’), sol. alcohol, 

robably a polymeride of Efuatim I. (oids ru^ini).—Bensil glrei 
tiona according to this equation so long 




+ hr, - C„H„0, + aC.H,.COBr. Hcutdjd 
with alcoholic potash it (^ives the violet ooloura* 
iion of beuzil and is converted into bonzilio acid 
together with a Biiiall tjuantity of benzoic acid 
jKliDgcr, loc. cit.i aUoU, 19.1802).—2. By heat* 
ing brazoic aId<.>)lyd«^ with sotlium amalgam in an 
atmosphereof CO.;,Alcx{‘ef (.4.129,317)obtained 
ao oil (314** approx.) to which ho assigned the 
formula C,4H,«0^ 8.0. ^ »1*104 (approx.). 

F.B. J. 

BEHZIL, A1IH0N1A.DEBIVATIVE8 OF. 

There aro four general reactions known, accord* 
ing to which oompininds ooutaining the dicar* 
bonyhgroup —CO.CO —form oondeoBution-com* 
pounds with aldehydes and ammonia jointly. 
As a knowledge of tlieso reactions is necessary 
to an understanding not only of the bolmviour 
of bonzil with aldehydes and ammonia, but also 
of that of bcnzil with ammonia alone, the gone* 
ral equations for theso reactions will be in* 
troduced at tins stage. In the following eqoa* ' 
tions X'stands for tlm monad hydrocarbon-radi* 
ole of the dicnrl>onyl-ooin{>ound, and R' for the 
monad hydrocarbon-radicle of Uio aldehyde: 

X'.CO 

t i +U'.CIIO t-NH,- 
X'.CO 

X'.C - Ov 


X'.CO 

I +ir.cuo+2Nn,- 

X'.CO 

X'.C -NHv 


.•V ' -.lllv 

II >C.B' + SILO. 

X'.C— 

X'.CO 

nt I 4!in'.CH0 + 9.VH,- 
X'.CO 

K'.Cn.NU.C0.X' 

I 4 2H,0. 

B'.Cn.NH.CO.X' 

Here the dicarbonybcompouiid is broken up 
into two halves, whilst the two aldchydo-groujis , 
become directly united. Lastly: 

X'.CO 

IV. 9 I 4E'.CH0 + 2NH,- 
X'.CO 

C,H,N.X',B0.4 2H,0. 

The oonstitution of the componnis of the j 
Isst-mentioned type is unknown (Japp a. Btreat-1 
feild, C. J. 49, 155 ; Japp a. Hooker, 0. J. j 
46, 67S; Japp a. Wynne, C. J. 49,4S4). 

It will be ahown later on, ihat in the 
nsetions of benzil with ammonia a part of the | 
bmsil is first broken up with formation of ; 
hsDXoio acid and benzoio aldehyde, which latter I 
Ihsn takes part, together with benzil and { 
sntmonis, in the final reaction. Tha bensil-1 
smmenia rssetions si* tbeiefors in rsslity 

■ I. 


I zoic aldeliyde, produced by the decomposition 
; of a iwrtioii of the benzil, it reacts according to 
I this equation, yielding benzilum, Oj,1i|,NO {vidt 
j infra). In tlio case of some other dioarbonyl. 
I ounii>ouiids,however,such asphenanlliraquinons 
! (c.v.), this reaction occurs with various bss 
' aldehydes. 

Equation 17.—Bonzil reacts according to 
this equation with/ormic ahlrhydo, aertio aJdt< 
kyde, isovaUric al^hydo, glyoxal, benzoio uhfe* 
hyiU (free), and p-oxybemoie ahlchyiie. The 
compounds form^ are derivatives of gly- 
ClI-NHv 

ozaline || ^CII. 

CH—N-^ 

Tims wlien bonzil and formic ahk'hytle are 
j warmed witl) aniinonia in aleoliolio solution at 
about 40'' (lipjtcnqlolyoxaline in formed: 

O.H,.Cd 

I 4H.CU0 4 2N1I,- 

c.n,.co 

c,n..o-Nii. 

II >CU 4 mi .0. (The excess of also. 
0.H..C - 

hoi and ammonia is expelled by heating; ths 
base is extracted with dilute hydroehlorio aoi^ 
precipitated with ammonia, and cryetallisea 
from hot alcohol. It sejiarates from hot alcohol 
on cooling in long oblique crystals (monosym- 
molric), e;id from cold alcohol by evaporatioo 
ill slinrt i"slroU8 crystals (also monosymmotrio, 
but not refe-rahlo to the same parameters). 
1227“). Moimcid baao. (0„ll„N„HCI)„PtCI,: 
pale-yellow, amorphous precipitate, speedily 
clianging into microsoopio fist needles (Japp, 
C. j. 61, 6.58)).-When acetic aldehyde M 
substituted for formic aldehyde in the fOra> 
going reaction, methyldiphcnyMyoxaline, 
C,1I,.0-NU. 

II ]»0.Cn,, is formed. lOrtbcrhomUo 
C.H..C— W' 

crystals [285’’), sol. ether and hot alcohol. 
(C„il„N„UCI)„FtCI,2aq: yellow microscoiiio 
needles (Japp a. Wytme)]. 2'ho base forms s 
molccnlar compound with diphenylglyoxalins 
(J.)]. Benzil, tsonaime aldehyde, and ammo, 
nia yield isobtUyldipheiiylytyoxaline, 
0.n,.C-NHv 

|i ^C.CH,.Cn(CllJr (Beedlcs 

sol. hot benzene and alcohol, 
(C„Il„N„HCl)„PtU,: anioriihous yellowish, 
brown precipitate,or small crystals (J.a.W.i.J 
Qlyoxal, as a dialdehydo, reacts with twice m 
proportion of benzil and ammonia, farming 
letraphenylglycoeine, 

OAC-NUv .NH-C.C,H, 

K >C.O^ i . [From bol 
C.H,.C--N'^ c-c^a, 

alcohol in tufts of silky needles of the fOrmnlg 
C„^,K„GAO. MelU above 500°. VetUr 
basic (Japp a. Cieminsbaw, 0. J. 61, (M^ 
Benzil, bemoic aidehyde, and ammonUjywa 


eg I fc? 





I (BaliiiMtoAit 

- OA.C—N-^ 

'S, 16, U9t\ In • aimilar mannar 
imuoic aldehyit gives p-oxylo^hint, 
{fiBuO^NHv 

*0 “* “*'**^’ 
In* needles [254°-25S°], t, sol. hot alcohoi, sol. 
constio soda, {onning a sodiom compound! 
Heated with acetio^nhydride, it forms a man- 
acetyl - derivative Cj,H,j(0^,0)N,0 [229“] i 
nee^es, with a faint satiny lustre, sol. hot alco¬ 
hol. Distilled with zinc-dust, p-hxylophino 
is converted into lophine (lapp a. Itobioson, 
0.^.41,8215)]. 

£iua(ia»///.—Illustrations of this equation 
ai* to be found in the reactions of talieylic 
aldehyde and furfuraldehyde (pyromucic alde¬ 
hyde) with Mnzil and ammonia. Cinnamic 
aldehyde also reacts according to this e<|iiation; 
but in this case another reaction, according to 
Equation IV., occurs simultaneously. 

Thus when equal weights of ealicylic alde¬ 
hyde and bonzil are dissolved in warm alcohol 
and the liquid is saturated with gaseous am¬ 
monia, the condensation compound dibemoyl- 
dioiyitilbene diamine separates as a crystal¬ 
line powder: 

CO.C.II, 

2C,H,{0H).CH0+1 +2NH,- 

co.c.n, 

o;h,(OH).ch.nh.co.c,ii, 

I +2H,0. 

O.H,{OH).OII.NU.CO.OA 
[It is puriftM by dissolving it in boiling phenol 
and precipitating with alcohol. Microscopic 
plates, melting with decomposition above 300'’, 
Insol. in the ordinary organic solventp sol. boil. 


pairs,'ytsTding "first diaeetyl4ien 
C,H,(0H).0H.NH{0A0) 
etilbene-diamne I {cm. 

0,H.{OH).C!H.NH(CAO) 
talline powder melting above 300% soL hot 
phenol, sol. caustic alkalis), and fini^y diozy- 
stilbene diamine. The latter base is most con¬ 
veniently prepared by heating the tetra-aoetyl 
compound with cone, hydroc&ric acid at 120°. 
By beating the condensation-compound with 
benzoic anhydride a dibenzoyl derivative, 
corresponding with the diacetyl derivative is 
obtained; it is a tetra-benzoyl derivstiv* 
0.H,{0.C,H.0).CH.KH{0,H,0) 
of the base, thus: | , 

O.H,(0.0,H.O).CH.NH(0,H,0) 
Microscopic plates [246°-248°], sol. acetic aeia; 
sol. dilute caustic potash on long boiling, re¬ 
generating the condensation-compound. These 
various acetyl and benzsyl derivatives may also 
bo synthesised from dioxystilbeiio-diamino by 
treatment with acetic anhydride and benzoic 
anhydride. The dibenzuyl derivative thus pre¬ 
pared is identical with the original condensation- 
compound (Japp a. Hooker)). 

Bonzil, furfuraUlehyde, and ammonia also 
react according to Equation III.: 

C„H|A s2C,H,0,+ 2NH,-C„n„N,0,+2H,0, 
forming, however, two isoraorie eompounds of 
the formula Oj,Ha,N,0,. One of these is an 
analogue of tho saiieylio aldehyde compound; 
it is separated by means of its insolubility in 
alcohol, and purified by dissolving in boiling 
phenol and precipitating with alcohol. Crystal¬ 
line powder, V. sol. hot phenol, si. sol. glacial 
oectio arid. Tho isomorie compound crystallises 
from alcohol in tufts of silky needles [24G°J 


ing phenol, sol. caustic soda, forming a sodium (J. a. H.). 
compound. By fusion with canstie sotia it yields ; When cinnamic aldehyde, bonzil, and am- 
sodium benzoate and sodium salicylate. Ileutcd monia are allowed to react in alcoholic solution, 
with dilute^ hydrochloric acid nt 210'’ it is a mixture of two compounds is obtained. ^11- 
hydtolysed into benzoic acid and dUaysUlbene- ing alcohol extracts one of these, and the re- 
0,H,(0II).C11.NH, ; niaining compound, which is insoluble in 

diamine I ; small lustrous ; alcohol, is purified by dissolving in hot phenol 

fl,II|(flII)*wH.NII, : and precipitating with alcohol. The compound 

kminis [180 5°), v. sol. hot benzene; di-aoid eohible in alcohol is cinnimabemil, 

••m; the Pt salt, C„H,,N,0,,2HCl,rtCl,4aq ■ (in/m). The compound insoluble in aloimof is 
lonns thick, orange-coloured, yfaomboidal plates dihencnyl-dicinnamytenc-diomine and is formed 


with bevelled edges, anhydrous at 100°.' This 
ban is, however, more readily obtained from its 
acetyl-derivative (in/Vu). When the oondensa- 
tum-compound is boiled with acetic anhydrite 
astil it Hseofflif,''vlibemoyl-diaeetoTystilbenc- 
C,H,(O.OAO).CH NH{C,H.O) 
liomiae | is 

0,H,(0.0fl,0).0H.NH(C,H,0) 
Ibimsd (rhomboidal laminae [228’-227°), 


according to Equation III.: 

0,11,.CO 

2C.n,.cu:cn.cno+ i +2 nii,. , 

c.n,.co 

C.H,.CH:CH.CH.Nn.CO.C.U, 

I +2H.,0. 

C.H,.CH:CH.CH.KU.CO.C.U. 

, Crystalline powder, consisting of short micro- 
sol. ; sc^io prisms * (264°), insnl. in the ordinary - 


MSticacld); and by boiling this compound for ’ organic menstrua, sol. hot phenol. When heated 


light hours with acetic anhydride the ben- 
leyl-gtoups are replaced by acetyl-groups 
riMding diacetyl - diaceloxyetilbene-diamine 
C,H.(O.0AO).OH.NH(0,H,O) 

I (prisms 

0,H,(O.Oi,H,O).OH.NH(0^,O) 
IU°-219°) sol. glacial acetic acid and alcohol, 
ieposited from latter solvent with 1 mol. of 
I^ol of mystallisation). This compound is 
t*tra-aoet]d derivative of the above-mentioned 
(H^ Ef the action of caustic alkali or cone. 


with asofution otpotaehm methyl alcohol at UOV 
it parts with the elements of benzoie acid and w 
converted into beneenyl-dicinnamylene^iamim 

Silky 

O.H„CH:CH.OH_ tl" .T 

(223%, sol. benzene and alcohol. Monacid baaat ‘ " 
Pt salt, (C„HJN„HCl)„PtC1.2aq, forma say.-;’ 
needles. 

Eymtion IV.—The abova-mentioaed | " 
product of the teactiaa «f ejnmunie i' 




9^1 +O.H,.OHmCHO+aNH,- 
^ OA-fcO C„H^NA + «HA 

..CiTitoUigos from hot alcohol in two forms— 
flander needles and minate short prlsius (188 J, 

' aoh beasene. A solution of potofh in methyl 
aloobolt when allowed to act upon it in tho 
eo!d» forms potassium benzoate and ctnR»Jima* 
bemil, C^H^KjO,: 

C„H»N,0, + KOH - C„R,,N,0,+ OJf*.COOK. 
CfTstalline powder [‘iRS**}, sol. hot phenol, pre* 
eipitated by alcohol. Bv boiling ciuuimabenzil 
mth dilate sulphnnc acta it is hydrolysed, yield* 
in^ beniilimide (tn/ralioinnamio aldehyde, bon* 
imo acid, and ammonia! C„nK.N^O, -f 211,0 » 
^|H |,N0, + CJHjO 0,11,0, + Kii, (Japp and 

Wynne). 

Bkaotxons or Brnzil with Aumonu ai/>nb.—* 
Lanrent, Revue Sdent 10.122; 19, 440; Zinin, 
A. 84, 190; Zincke, B. 16, 890; Japp, If. 16, 
2636; UoniuB, A, 22K, 839; Japp a. Wynne, 
C. /. 49. 473. I 

By beating bciizit with alcobolio ammonia | 
the following conipotuuU are obtained: tmo* 
betuUt ; benrtitmtic, 0„II,jN0,; 

benxilamt and hm/une, At 

the same time benzoio acid, cthylio benzoate, 
and henzamide are formed. This reaction was 
first studied by Idturent, who prepared the first 
three of tho a^ro-mentioned compounds, ascri* 
bing to them, however, incorrect formulm. 

Benzil is dissolved in alcohol so tlmt the 
lolatioD is satorated at 40*^; gaseous ammonia 
is passed into tho warm liquid to saturation, 
and the whole is allowed to stand for 24 hours. 
Prismatic crystals of imabenzil are deposited, 
whilst benzilimide, benzilam, and the other 
compounds aboveonumorated remain in solution. 
If slender aoioular crystals of bcnsilimido should 
separate they may be removed by warming witlt 
aleohol, in which imabenzil is soluble only with 
difficulty. The formation of imabenzil mt^ be 
azprossed by the equation; 3C„U|»0, + 2N^ - 
0|^Ha,N,0« -f Callj.COOH -f n,0. Imabenzil 
forms small lustrous ortborhombio prisms [194”j, 
•L sol. hot alcohol, decomp(Ming on long boiling, 
and yielding among other products benzilimide; 
tike best solvent is hot methyl alcohol. Boiled 
with dilute sulphuric acid 11 vol. acid: 2 vole. 

. water) it is converted into benzilimide, benzil, 
and ammonia: 

CLH,N,0,+H,0 - 0„H,,N0,+C„H„0,*f NH,; 
whilst cold cone, stdphuric aeia dissolves it, 
cbnmting it into benzilam, bcnzaldebyde, bon* 

' loiaacid, and ammonia: 

C„H*N,0, + H,Oa- » 

C«H„NO + CAO + C,HaO,+KH, 

I'^ajro a. Wynne). The formatiem of'benzUare 
‘‘;fb tw reaction was first observed by litarent. 
!;^Boiling with alocdiolie poiath converts im^nzil 
' nto bwUimide (Laurent). Acetic acid and 
Mtfc asthpdrids t»i like dilute su'pharic acid, 
ajeeompoeiDg it on boiling with formation of 
^Wifilimide and benzil (Henins). Heated lor 
I time to 140^ it decompoees and melts, 
Dg benzilimide, benzilam, and lophina, 
an odoor of bcasoio aldehyde ie peioepti* 


edsoentrated, a miitara of bcitfifiitiidc and M* 
s»j^ A atmilar mixture is obtained by heatiaf 
l^sil with alcohoUo ammonia for some boare 
dt lOO**, the imabenzil which is first formed 
^ng converted into benzilimide amt benzilam { 
at 130*^ hphine is also fornuMl (Heiuut). The 
formation of lophine oreurs according to 
equation 2CuH,«0, 1 2N1 i, 

a,H,.N,+ CJlyCOOU + 2H,0. 
Benzilimide and benzilam are best lU'paratod bf 
boiling tho mixture with light petroleum, whldh' 
extracts tho whole of tho l)QnzilatQ, depositing 
it on cooling, in ro.-t tios of prisms, and hard^ 
dissolves the benzilimide, which may bo pari* 
fiod by eprsiallisation from hot alcohol. BM- 
silimule is formed from benzil and ammonia 
according to tho equation— 

20„H„0,+NH, - C„U„NO,+CJI,.COOH. 
Tufts of silky needles [137 -189^] (II.), sol 
hot alcohol. Concentrated sulphuric add 
dissolves it in tho cold, abstraoting tho olomenU 
of water, and convorling it into Iwnzilam (L.)« 
C„H„N0|~lIj0»0„lI„N0. Heating with 
acetic anhydrvie produces tho same elTeot (B.h > 
Chromie mirture oxidises it to benzoic acid ^ 
(H ). Benzilimide may also bo prepared fr^ 
iinubenzil by Laurent's method of boiling it with 
alcoholic potash. 

Remilam If,,NO) may be obtained M 
above, along with benzilimide, and separated 
from it as already ditncribed, or it may b# 
ohtaimnl either from inmliciizil or from bonsQi* 
niidc, by tho action of cold cone, sulphuric aoldt 
Tho solution of imabenzil in tho cold acid is 
poured into water, when benzil^n srparaies and 
may bo purified by rocrystallisation from olSohol. 
Most rea dy obtained by lieating Ijonzil with loi^ 
ammonium acetate in a flask over a flame until 
the ammonium salt is volatilisi d (Japp a. Wilson, 

C. J. 49,829, footnote); but as some lophina 
is funned at the same time, th(> bonzilam most 
bo oxtracted by me ans of hot light petroleum, 
in which the lophine is practically insolaUik 
The formation of benzilam from benzil au 
ammonia may expressed thus: 

2C„H.,0, + Nil, - C,,H„NO + C,H,COOH + Hfi. 
Woil*developed rhombic prisms (from a mixtui^ 
of ether and alcohol by BjKintaneouB evapora¬ 
tion (H.)); ooiourTess when pure; thin lustxotti: 
laminie, sometimes iridesamt, (from hot abso* 
hoi); rosettes of prisms (from hot light petro^ 
leum). (113'’-114'’J, Distils ata high tempaea*^ 
lure without decompositiri (L.;. V.D. (air«||; 
10'23: calculated 10*28 (J.). With mfrtc aOM,. 
it yields a mono-nitro* derivative (naad^; 
[178^>182^ from 1 enzenc) and a dinitre* 
vative (11.). Chromic mixture oxidisea tt W"- 
benzoio acid (11.). r-'i 

The above reactions of benzil with amnioiltij^ 
may be explained as follows. In the first pIfifNfJ 
a portion of the benzil U broken op moomU^ 
Ui the following egnationa; 

(a) C.H..CO.CO.C^,+H,0- 

O.H,.COOH + O^..CHO: 

Beo^osetd B«B»oioel<Uhyde 


(8) C;B,.CO.OO.O,E, > EtOH - 
c,H..cooEt+OA^cno< 

BibrUe' 


nut.-'. 


AlidiiQR^^ 


te)OX«).CO.OA+Ha- * 

OKOO.NH,+(iH..CflO. 

B«omnl4e 

Th«t« three oompoaaas-'benzoio acid, 6thy> 

Ue benzoate, and benzamido-*are always foiled 
in the reaction of bcnzil with aloobolio am* 
tnonia. (The benzamido may also be regarded 
as having been formed in a secondary rcacticm, 
from etbylio benzoate and ammonia.) Tlio 
benzoic aldehyde, which is the by^pr^uct in 
every case, then reacts, in the nascent state, 
with benzii and ammonia according to one or 
other of the following equations: 

C.H..CO 

(d) f +C,H,.CUO 
CJI^.CO 
O.U*.C- 0 V 

II \C(0H).0.U. + H,0. 
OAC-NU/ 

BeolillDililu 

This reaction of on aldohydo with a dicarbonyl* 
compound and ammonia, in which benzilimideiB 
produced, is not known to occur in the case of 
* free aldehydes. 

If the reaction occurs according to Equation 

I. of the general reactions, hetizilam is formed: 

cjr.co 

{$) I +o.n,.ciioiNii,- 
CJJ,.CO 
C.lI,.C-()v 

II V.c,n,+211,0. 

litioziliim 

Those formula fur benzilimido and bonzilam 
aooonni for the readiness with which the former 
is converted into the latter by the action of de¬ 
hydrating agents. ^ 

It the reaction occurs according t« Equation 

II . , lophinc is produced: 

C„II,.CO 

(/) I +C,H,.CII0-i2XH,- 

cjr,.co 

C,li,.C - Nil. 

■ II >C.C,1L +311,0. 

c.n,.o 

Lophiuo 

Finalljri >l >t occurs nccunling la Equation IV^ 
lh« {iroiinct i. iiHiiIicn.-ii: , 

O.U,.CO 

(ff) a I +C.II,.CU0 + 2NH,» 

C.H^.CO C„H..NA + 2H,0. 

«• Tuiabimxll. 

But fret benzoic aldoliyde, with benzil and 
ammonia, yields only lopliine. 

Tbo foregoii^ equations express the forma¬ 
tion of the various cohipounds obtained from 
benzil with alcoholic ammonia. The reactions 
in which the complex compounds discovered by 
Laurent are formed thus really occur in two 
•togsB, of which the first consists in the forma- 
UoD of benzoio aldehyde, the second in a bcnzil- 
aldehyde-ammonia condensation (Japp, li. 13, 
3680; Japp a. Wynne, C. /. 49,477). 

aZKZlUC AOXD 

IC^,),CtOH).COOH. JHphtnylglycoHic acid, \ 
[lOO^l (Jena). 


•iMboUo ;d]BLOQ.OO.0A*KOB 

(OA),0(OB}.OOOSg%. ^ 3^1 ZiniA 
A, 81,83^.—9. By booing mphenyl-nomo-aeeti< 
acid, (O^HJ/lBr.COOH (obtained by passing th< 
vapour of bromine over heated diphenyl-aoeti< 
acid), with baryta water (Symons a. Zinoke, A 
171,131). 

Preparation. —1. Benzil is added to five timei 
its weight of melted potash to which a little 
water has previouslv been added. The whole 
solidifies, owing to the formation of potassium 
benzilate (E. Fischer, B. 14,826 footnote). The 
mass is dissolved in water, and the benzilio acid 
isprccipitated by hydrochloric acid and recrystal¬ 
lised from boiling water.^2. It can also be pre¬ 
pared from benzoin. 15 g. benzoin, 20g. KOH 
and from 250 to 300 o.o. water are heated in a 
current of air until everything has dissolved. 
Tbo solution is extracted with other to remove a 
small quantity of diphenyl-carbinol which Is 
formed by the decomposition of the benzilio 
acid, and solid caustic ^tash is added. This 
causes the separation of nacreous lamins of 
potassium benzilate, which are removed by fil¬ 
tration, washed with a solntion of caustic potash, 
and finally decomposed with sulphuric acid 
(Klinger, B. 19,18G81. 

Pro/)tfrftcs.—Small white monoolinio needles 
with a satiny lustre. Heated above its melting- 
point it turns red. Cone. HjSO, colours it deep 
red; the colour disappears on the addition of 
water. Y. sol. alcohol, ether, and boiling water; 
si. sol. cold water. Bitter taste. 

Rcacti<ms.--1. Heated for several hours to 
180° it yields a deep-red liquid, and, on cooling, 
solidifies to an amorphous mass, from which, 
by treatment with alcohol, dibenzilic acid 
[196°], bonzophenono, and other pro¬ 
ducts can bo isolated (Jena).—2. Chroniic 
mixUire oxidises it to oenzophenone: 

(C,H,) .C(OH).COOn fO= 

(CJl‘),C0 + C0, + U,0. 

Bonzophenono is also pr(^uced when silver 
benzilate is heated, either alone or with water 
(J.).—3. Heated with hydriodic acid (127°) to 
150^ it is converted into diphenyl-acctic acid: 
(C,HJaC(OH).COOH 4 2HI 
(C,H,},CH.COOH 41, f H,0. 

Zinc and liydrochlurio acid, and B<^ium amal¬ 
gam, are without action (J.).—4. Barium benzi- 
latc, distilled with Ath of its weight of soda- 
lime, yields diphenyl-carbinol: 

(C,H,),C(OH).COOH «(C*HJaCH.OH 4 CO* * 
(J.l.^fi. Treated with POlt it yields benzil 
chloride, C,.H,tO,Oi, a heavy, colourless liquid 
(270°), which in contact with moist air is rapidly 
decomposed Into benzilio and hydrochloric aoidt 
(Cahours, A, 70, 46). 

^Salte.—Bcinzilio acid it monobasio. 
C,,H„0,R: V. sol. crystalline salt (Zioin)^ 
(C,.H,,0'a)aBa6aq: v. sol. crystalline crusts 
with a fatty lustre (J.); separates from alcol^ 


in anhydrous needles (Symons a. Zinoke).* 
(0,,H,,0,).Pb: pulverulent precipitate, obtained 
by adding load acetate to an aqueous solntion of 
benzilio acid; fuses on heating to a red liquid 
(Zinin).~C, 4 H,,OaAg: easily decomposable pn^ 
oipitate (J.). 

Klhylic btnsilate, 0,4H,,0,.CaUa. . Separates 

, ^ ^_as an oil when a solution of beostlio add ^ 

Jbmaffon. — 1. By warming beniil with ^ ethyl aloohol If satumted wiUi gaseooi BMB Mid 






j lOiM iriaiwiMr. Not ToUtO* wiOwat 

•JM&pOMtiM (J.). 

Mti^UbmuiUc acidt 0,«HicO«t isomerio with 
Im i^^ing, U • retiooai rabiUooe obUined 
lij hMtmg benzoin in alooholio solatioo with 
■odium eUiozide at 150°. Scareeij aolable in 
potash and ammonia, save in presence of alooUo! 
(Jena a. Limprioht, A, 155,00). 

DibenHlic acid, (190°], obUined by , 

heatins henzilio acid to 180° (c. 
orystaUises from alcohol in minute needles. It ! 
is an anhydride, and, by heating with water at 
180°, if converted into btMizilio acid (Jena. IJ. 
9.886). F. K.J. 

SZHZILIXIDS t'. Brnzil, aumonu-deui* 
TATITKa or. 


(AuMhOti, SM| 

baating, O«R|.O0lrCC^O,Ilt {0aafrowk<»j9. 
888 ). 

BXVZO-OmCtDl 0. PiiKNTb AMmO'CCim 
pnoMi. 

BSNZO-FVBHIC ACID v. DBNzruftiz.io AOtn. 
I80.BWrZ0OLyC0L i.fi. C,H«(OH),m, 
(vl^j* A crystalline substanee formed ^ tua 
dectrolysiaof amixtuieof benzene, alcohoh and 
dilute H,SO^ (Ilenard, C. it. 01, 176). Sol. 
water, alcohol, and ether. Iteducea Fehiing'i 
solution and amnioniaeal AgXO,. 

IH’Qcrttjl derivativt C,H,(OAc),. [121°]. 
(SOt)"^). Insol. water, sol. alcohol and ether. 
Dl.BENZO-HTDROaCINOKB v. Di riiKm 

DI-OXY-rnKNVLENE I>I«KZT<>KK. 


BEKZIXIDE V. Bkxzoic aldehydk. 

DI-BENZmiDE OXIDE v, Bbnzonitrilb. 

BEBZI M IDO^ACBTATE v. liKNzoMmtiLE, 
Cwnhinaticm 6. 

BENZIXIDO'BEKZOATB v. Bexzonituile, 
Beaction 5. « 

BSHZIKIDO.BUm.STEER «. Brnzo. 
XtrauoE, Combination 5, 

BEirZlXlDO. ETHYL ■ ETBSR w. Bknzo- 
Hrniit.E. Com&inofton 6. 

BEKZIMIDO . HAPHTETLAMIDE t». 

KAPUTHni-DRNZAVIIlIKB. 

BENZO ANILIKE t>. Ampo-URNzopuRKON'R. 

BEBZO-TBI-CHIORIDE C.H.CI, t.e. 
O.Hj.CCl,. Mol. w. 106 6. (OlV). H.O. 13H. 

Forwafuwn—1. From benzoyl chloride and 
PCI, (Wohler a. Liebig, ^1.3, •jh.'i; Schischkolt 
a. liosing, C. B. 40, 307; Lirnpricht, A. 134, 65 ; 
185, 80; liL 1800, ii. 40b).-~2. From bcnzyli* 
•dene chloride by chlorination (Cabours, C. Jt, 
60,703).—9. By chlorination of toluene (Naouct, 
C. B. 66. 407; 66, 482), 

Prc/wr.if/<>«.—By passing chlorine (3 mols.) 
into cold toluene (1 mol.) cxpOh<a] to cliieet 
sunshine (Schramm, B. 16, 008) or into boiling 
toluene. 

fVopcrfics.—Pungent liquid, insol. water, 
which slowly oonvert.s it into ben/oic acid (the 
change is rapid at 110°). Alcohol at 1B0° forms 
benzoic ether. 

Btaclions,— 1. Sodium has no action.— 
2.Ag,OforiiJ8henzoicanhydridc. -3. 
monia at 140° gives benzoic acid, benzamide, and 
benzonitrile, reacting thus: 0,U}CCI,4 4Nll4* 
8NH,C14CcH,CN.—4. Aniline formsdi-phanyl- 
benzamidine.CJI*C(NC,IIj).KnC„H,,—5. lleacl», 
with arow<ific baecs thus: C.H.CCl, + 2C.U,NXY 
•C^»CC1(C,H,NXY), 4 2UCU 

®^»-?^o!h|!nXYC1 + 2HC1* koh 

I_ __I 

tomu the carbinol C,H.qoH)(CJH,NXT)r The 
reaction requires presence of a gietalUo chloride 
or other condensing agent; it tokes place most 
easily with tertiary bases, least readily with 
primary bases. The products are dyes, the 
primary bases giving violet, the secondary 
and tertiary green, colours.—0. It aots simi. 
lariy on jihcnols, C.Hk.CCi, + 2C,H.OH- 
2H014 0.n,uCl(C,H,OH)r The products are 
oonverted by treatment with water into oarbinols 
(\E^CKOfi)(C,H 40 H}pthe alkaline salts of which 
•HI oolourug matters (Doebner, A, 217,226).— 
9r Oonveried by heating wiUi dry oxalic acid, 
Blit into Ph.CO.Cl, then into (P)i.CO),0) 


BENZOIC ACID 0,H„0. i.s. OJIi.CO,H. 
Mol. w. 122. [121-4°] (iScIiifl). (219-2 cor.) 

(Kopp, A. 94, .303). S.IJ. 1-20 (Meudel^ein; 
1-337 (Uiidorff, ii. 12, 250); 1*292 (Schrihler, JJ. 
12 , 662). 8 . *160 atO*’ (list, ( 2 ] 17, 232); 
•172 at 0°; -207 at 10°; •4-25 at 8 P’; 1*78 at 
76° (Bourgoin, J. Ph, [4] .10, 188). S. (ether) 66 
at 15°. S. (alcohol) 47 nt 15° (Bourgoin, ii/. [2] 

29, 245). H.F. 91,53.1 (Stolimaiin, J. nr. (2] 

30, 2). S.V. 120 (Bainsay). S.V. 8 . 11209 

(S ). 51-21 (in a 0 p.o. bonzune 6 olutioD» 

Kiinonnilvoff). 

(A'cwrrcfifc.—In various rosins, e.ij. gum ben¬ 
zoin, dragon's blouil, stomx, and baiRams of 
I’eni and Tolu (lUaiBo tie Vigon«>re, Trniti du 
feu el iht sel, IGOH; Liebig ii. Wiihh-r, A. 3,249), 
In castonmin (Wohler, A. 07, H'rO), in the 
spindle troo {Kuonyviua europtrus). In putrid 
urine (Liebig, A. 50, lOH). In cranbnrries 
(Loew, J, j>r. (*2] 19, 312). In llin higher Iwiling 
phenolic |>ortion of coal-tar oils (Schulze, ii. 
18,615). 

Foriimfim. —1. By oxidation of i>enzoio aU 
dehyde, Wnzyl alcolfol, toluene, cinnamio acid, 
it-c.—2. In tiixmll quantity, by imsHing a current 
of dry CO 4 tliruugli a nearly boiling mixture of 
aluminium chloride and benzenu (Friedel a* 
Crafts, G. U. 80, 1368). —3. Jn small quantity, 
by the action of n^SO, and MnO,, on benzene, 
especially when formic acid is added (OariiiH, d. 
148,51,69). - 4. By distillingcalido-jihllutlalu with 
lime (Dcnouilly, ii/. [2} 3,163, 469). ~ 6 . By the 
action of IIj .804 MnO, on cusein or gelatin 
(Gnckelbergcr, A, 64, 80).—6. By fiiKing potas* 
siuin beti^ene sulphonato with sodium formate 
(V. Sfeycr, ii. 3,112).—7. From benzuiiitrilo by 
saponilicatiori.— 8 . Bypassing CO^intu sodium 
in bromo-bonzeno (Kekul 6 , A, 117, 129). 

l*reparaiion.—l. Froy, guw benzoin by 
sublimation or by entrarting with lime-water or 
acetic acid (Mohr, A. 29, 178; Kchoeie, Owio* 
2, 23; Wohler, A. 49. 245; Loow, J. pr. 108. 
267; Guichard, ii/. [2j19,357). Borne varietiCi 
of gum benzoin contain cinnamic acid, but thin 
acid is absent from the benzoin of Siam or 
the I’alembang benzoin from Bumatra; tho 
latter yields 10 p.o. benzoic acid (Baalfeld, Ar« 
I*h. [3] 16, 280). Benzoic acid that has been 
sublimed from gum benzoin leaves a small 
quantity of oily residue when treated vntil 
a^iueous Ka,CO,; this oil consists of goaia^ 
methyl benzoate, pyrocatechin, aceiyl guaiaoclt 
benzyl benzoate, Mnzopbenone, sod brazoyl* 
guaiacol (Jacobsen, Ar. Ph. [ 8 ] 22, 806),^ 
2. From bippuric acid. Urine of horses or 




- ...... . ‘ 

iff KM ^ 

hippQrlo is Up into glrdo^ 

XOT« aoid; milk pi lime is added and the liquid 
eoncontraied; excess of lime is ppd. 002 * 
and the filtrate ppd. FeXl.,; the feme ben¬ 
zoate is docoraposod by HCl. Benzoic acid 
prepared in this way crystullisea in platos and i 
smells of urine, but by Hubliniation it may be fn-l-d I 
from the stncll and then crystallises in needles ; 
(Dyniond, Ph. (.4] 14, 403). -3. From benzo- 
tncliloride by ilocoinposin^> it with water 
niider pressure, witli lime or baryta-water, or 
with and ('lacial liOAo (‘2 inols.) at 100° 
(Jacobsen, Ji. 13, 2013).-4. From benzyl chlo¬ 
ride by boiling with dilute IlNOj (liUnge a. 
Fctri, //. 10, l'nh \ i'f. V. Had, D. V. J. 231, 
630). 

rivjH'rliis. -Needh's or pearly plates. When 
pure it does not melt under water, but slight 
impurities greatly alTect its pliysieal properties; 
the 80 -ca 11 e<l salylic acid was impure benzoio 
aoid (Kolbe a. liaiiteinann, A. 115,187 ; Kokule, 
A, 117, 153; (jriiKs, A. 117. 31; Keichenbach 
a.Bnilstein, A. 132, 300; Kolbe, J. pr. [2J 12, 
161). Volalile with sle.im (1 g. passing over 
witli about 2,000 c.c. water). It dissolves in 
oonc. and is reppd. by water. It is not 

attacked liy boiling dihiti* 11 NO, or CrO;, (which 
convert cinnainio acid into benzoio nUleliyde); 
il.H neutral salts give a bniT-coloured pp. with 
Fe.OI,. 

JieactUma.- 1. Fass.igeol the vapour through 
a rcd-lwtiuhe gives C(>. and brn/.eiie.—2. JD/s- 
tillatwn v'itliliineprodwA'!^ benzene.—3. Fusiiui 
with NiiOli produi^es benzene (75 p.c. of the 
tlieorotienl amount) and a little diphenyl (Barth 
a. Honliofer, li. 12, 125tl). -4. Fusion with KOfI 
produces uliietly jt oxy-benzoio acid, but also o- 
and m- oxydM.'nzoio aotds, oxy-iso-phtlulio acid, ! 
diphenyl o-, m-, and p- cnrboxyUo rci^, and a 
brown atnorplious substanco (Barth a. Sehreder, 
M, 3, 733). --6. MiiOj, and H SOj form 
foruiie acid, and small quantities of phthaliu 
and torophthalic aculs (Garins, A, 118, 50; 
Oudeinans, Z. (2J 5, Hi). —6. Ihj-lroijcn peroxide 
and produce Halicyliciieid (Ihmriot, (\ U. 

102,1250). - 7. Vapours of benzoio neid passed 
over heated eiuc-duat form benzoic aldoliyde 
(Baeyor, A. 110, 23.'>).--8. Hodium amahjam 
rmluces it to btuizy! alcohol, and bonzoloio acid 
OJli.Oj.ttrtd an oil (Kvlbe, A. 118,122; 

llornuinn, A. 132, 75).—3. FCl^ forniS benzoyl 
chloride. -- 10. Distillation with K80N or 
Pb(SCN),. gives bonzonitrile.—11. Bemcntt and 
P.^O* at 130° giyo benzophonono (Kollarits a. 
MerSt/h 5,417).—12. 'iyimcUiylauitineAXid P.-Oj 
give C,.ll..CO.C„U..N.Mc.; (0. i ischer, IS. 10,358). 

13. Chlorimi proaucos chloiv-bonzoic acids.— 

14, Bromine fonna br(«oo-benzoio acids.—15. 
lihiine in presence of 1110, forms iodobenzoic 
acid.—10. Cone. UNO, forms m-nitro-benzoic 
acid.--17. Fuming ILSO^ forms snlphobonzoic 
acid.—18. In iUoanirMlorguni-ihi it is converged 
into hippuric acid and c.xcrcted in the urine 
(W'6hler).--13. Cr^F, forms di-llnoro-lwnzoic 
aoid (Jackson a. Hartshorn, B. IS, 1333). 

Salts. — Benzoic acid decomposes car¬ 
bonates, but an alcoholic solution of potassium 
bensoab' is deoompostn) by CO,^ Calcium ben- 
ioate givt's un distillation beuzophenone, and 
autaller quautitics of benzene, anthraqumone, 


ao^ ietra-pbaayl'nuilhaao (BidciiU »/ Iteitohi' 
moot, B, 0,909). Calofom beazoato diatUled 
with caleiom formate ^ves benzoio ^d^de. 
Potassium benzoate mstilled alone or with 
sodium formate gives ierephthalio and Iso* 
phthalic acids (Richter, B. 0, 870; Conrad, B» 
0,1335). Cupric benzoate gives on distillation 
benzene, benzoic acid, di-phcnyl oxide Ph.^0, 
phenyl benzoate PhOBz, and phenol (List 
a. Limpricht, A. 30, 190). Cyanogen bro¬ 
mide acts upon potassium benzoate thus: 
Ph.CO,K + CNBr = Ph.CN -i- CO, + KBr (Cahours, 

I A. Ch. [B] 52,201). Potassium benzoate when 
I olectrulys(Hl gives K and benzoic anhydride; 
in pro.senec of excess of KOH acetylene is also 
fomifcd (Bourgoin, [2J 4, 500). 
i Al,A,(OH),aq: crystals (Sestini, Cicognani, 
a. Zavatli,B/.i2]13,488).—Nil,A': deliquescent; 

; on distillation it gives benzonitrile.—NH,HA'2--- 
I BaA'2 2aq. — CdA'2 2aq. — CaA'jSaq: S. 8*6. — 

; CeA'j3aq. — Co.V..2aq. — CuAV^aq: needles.—‘ 
i CrA'^araq.—Cr.\',a:aq. -Cr.A'4(On). 2aq (Schill, 

1 109).—Fc.A',(Oilfa*0aq: bult-colouredpp. 

' —LaA'..3aq. — PbA'jOq; plates.—Pb.AV^PbO.— 
MgA'.a3aq; S. 4*5 at 25°.—MnA^4aq: large 
■ fiat prisms, S. 0*55 at 15° (Scnibcrt, B. 20, 791). 

- Hg.V._,aq.—IlK'A'j. — NiA'...3jiq.— KA'3aq.— 
Ag.\': S. (alcohol) *5 at 20°. — NnA' uq.— 

I i)nA'...aq.— 

Methyl ether C9H.,G();;Mo. Mol. w. 186. 
(193°) (Kopp); (135*5) at 708 nnn. (Stohniann, 
J.pr. [2] 30, 4). S.G. ^ MO (Kopp); 

(Brilhl). S.V.M9*8(Ham8ay). S.H.*303+ 00075/. 
ir.F. 84,024 (8 .). 1*5283. R qo 61*30 (B.). 

Formed by distilling wood fli)irit (1 pt.), ben¬ 
zoic acid (2 pts.), and IJ..SO4 (2 pis.) (Duimis 
a. Pcligot, A. Ch. [2] 58, 50; Mahiguli, A. Cfu 
[2] 70. 387; Carius, A. 110, 210). 

Ethyl ether CJIs.CO.Kt. Mol. w. 150. 
V.l). 5*53 fcalc. 5*2) (Troost, C. It. 83, 851). 
(211*2° cor.) (liinncmann. A. 100, 208); (211*4°) 
(Stohnmnn, J. yr. [2] 30, 4). S.O. ^ 1*0473 
(Biiihl) ; *2 i-o.-.O (L.). S.H. -.374 + •00075t 
(11. SchilT, A. 231, 300). H.F. 31,033 (St.). 
M/» 1*517 (B.). R 00 68*82 (B.). Formed by 
saturating a solution of benzoio acid (3 pts.) in 
nleohol (2 pts.) witii IICI and distillirig the 
liipiid. Convcrt<Ml by Br at 270° into benzoio 
neid and ethylene bromide (Naumann, A. 138, 
133). Forms crystalline compounds with 
titaniochloride: BzOKtTiCl,.- BzOKt2TiCl4.— 

: TiCl,2BzOKt (Dcniarvay, C.U. 70, 1414), and 
witli aluniiniuin chloride: BzOKtAlGl, (Ous- 
I t'ivson,/i. 1.3, 157; Scliccle, 0/n/sc«lrt, 2, 141; 

! Dumna a. Bonllay, A. Ch. [2] 87, 20; Wohler a. 

I Liebig, A. 8, 274; IVville, A. Ch. [3] 3,188). 

Bropyl c//fcr Cjr.CO.I’r. (230°). S.G. 4* 

I 1*0.32 (L.); 1*025 («). Jl.F. 98,930 (Stoh- 

maim. /. pr. .'JO, 4). 8.IL *383 + •OOOl&t 
(Schor. A. 2 ;m. .'Ttxq. 

Isoprttpyl ether CJI^CO;,Pr. (218°). 
8.G. ^ 1*023 (Silva. Bl. 12, 225). According to 
Linnciuaim (.4. 101, 51) the ether splits up on 
distillation into propylene and benzoio neid. 

n-Bnfi/l e/Acr C^UyCOjC.H*. (247*3 cor.V* 
S.G. 1*00. • 

Tsohutyl ether. (2.34°) at 756 mta. 
8.0.4a 1-002. H.F. 105,628 (St.). 

Isoamyl ether OcHyCO^C^H,,. Mol. v» 
192. (261°) (Kopp. A. 94. 311); (253°) (Stob. 
mans, J. pr. [2] 36, 4). VJ). 0*71 (cale. 6*68», 



flD. aa urnm m. 

^oiiMd by lieitfng ethyl bentmte with iio* 
amyl i^bol at 380^ for 60 honn {Friedcl a. 
Omfte. £1. [313,100). 

Oc<yUt;i«rC^I,.CO.CJI,.. (30C®) (ZIncke, 
A, 163, 7). 

Deeyl ether C.H,.CO,C„II,,. (over 280") 
(Borotliii, J. Idtii, OiiH), 

[30'] (Bfcker, 

A, 103, 231). 

AUyl ether CJl,CO,C.H.- (J^rnin. 
A, 96, 302); (2:U) ] (luTtiioIot a. <lc Luca, .1. 
100, 860); [2SU ) (Cuhuurd a. llufiauun, A. 
103, 297). 

Ethylene ether (CJl .CO ),C H,. [07"]. i 

(860®). ■ ‘ * j 

Propylene ether (C,ll,.C03/’jII* [72"]. ; 
(800®). 

XsoamyUnc ether (C,H,.COJ,C,H...[133"] 
(Mayer, hi. [2] 2, I.’'!}. 

6//icr f l/*/rr5 of Ix'nzoio acM arc dcscribeil 
as beii 2 oyl derivali\f. of tho hydroxylio com¬ 
pounds from wltich they may be derived. 

Jlefcrenees. — V. also Aldkhydo-, Auu>o-, Tlao- 

MO-, BhoMu-AMIOO-. BftoMO-MTUO-, BllOMO-KITItO- 
oxT-,BnoMO-oxY-, BuTVL.,Ciii.oii«i.,Cin.oiu)-u»oo., 
CllLOUO-OXY-, CyANO-, Fl-rOR'*-, I.iDO.nXY-, 

NlTno-.NlTBO-BOTYL-, Nll'liO oXY-,NiTUu-l'l;«'l’YI.-, 
OxY-, Sci.pno-, oKNZi'io Aai>. 

Orthobessoio acid C^H,.0(011),. Dencenyl 
alcoln/l. 

Kthyl ether CJf,.C(oKt),. (220^ 22,’. ). 
Fro’u beiuotrichlorido au«l NuOKt ut 1<>^> 
(liimphcht, A. 135, 87). 

2'ri’acctyl Uerivative C„H,C(OAc),. 
From C,11,.CC1, and A«OAc. lU-udily splits up 
into Ac..O and C^lljCO.OAc. 

Sttlpbinide of '..ensoio acid v. iMinn or sul- 
raoBK-sr.*' c cin. 

BENZOIC ALDEHYDE U C..n,.CO.II. 
Dentaldekyde. Oil of biU< r ahnofids. MoK w. 
106. (179 ). 8.0.^1*0155 (Lruhl); 
(Mendel^ciT. J. 1800, 7). S. -.33 (Mii.;ki^'er, 
J. 187.5. -182). 1-502L (H.). 

H.F. 23,251 (Slobinann, J.j'r. [2] 30, .3). 

ForwaftVm. —1. From ulnmnds (y. t'.).— 
3. By oxidation of benzyl alcohol (Cannizzaro, 
A. 68, 130), cinnamic acid (DumuH a. I’eligot, A. 
14, 50), and proleids (Ouckelhcrg»-r, A. 01, 00, 
72. 86).--2. By boiling l)enzyl ch.orido with 
water and nitrate of lead (Lauth a. (irimaux, A. 
148, 80), nitrate of copin^r, or Bo<lium nllrule. ■ 
8. By healing benzylideiio chloride with water 
or alkalis (Cahours, C. It. 56, 222).—4. By »mx- 
ing benzylidene chloride with cone. J1,S()„ 
diluting, and distilling (0])pcnhcini, Z. [2] .5,411 f. 
6. By passing va]>our of benzoic or phtliutio 
ftCtd over healed zino-duht (Baeycr, A, It0,295i. 
6 . By reducing benzoic acid wRh SnCI, (Dftsart, 
J. 1862, 263), or sodium amalgam in slightly 
Mid solution (Kolbo, A. 118, 122).—7. By di». 
iiiUng calcium benzoate with calcium formate 
(l^rio, A. 100,104).—8. From lienzyliikrie chlo¬ 
ride and silver oxalate (Golow kinsky, ..4.111,2.52) 
Ot Mtassium carbonate (Meunier, !Jl. [2] 38,159). 

. 9. From toluene by successive treatment with 
OrO.Cl, and water (Etard, C, R. 90, 534).— 
20. From benzTlidene chloride, acetic acid, and 
SnCIL: Pb.CHCi, « CH,.CO,H « 

ni.CUO CH«COa 8-HCL 


fitttiyl (1 nM 

11 eohoMlaid al 100” with sratbr (10 pti.) aM 
lead Derate (1| pts.), a eurrent of OQm being 
passed through the apparatus. The produet (• 
mftilled and the light oil fraoiionated. It ill 
phaken with a saturate solution of KaBSOtt 
and tho resultingcrystallino compound is wuhea 
w^th alcohol, crystallised from water, and then 
lhN^otnl.K)lH‘d liy boiling a«pn'<>us Na^OO, (Lauth 
a. Orimaus, A. 143,80:r>ertagnini, A. 85,188).^ 

2. Crude benzylidene chloride is heated at 
110®-130® with an et|uivalcnt qnanlity of dry 
iisalio acid, tho product is distilled m toctio: 
rhC!ICls + nA^>i Bh CllO + 21101H CO, ♦ CO 
(.Anschutz, A. 226, IH). 3. A mixture of bensrl 
chloride (2 mole.) with benzylidene chloride 
(1 mol.) obtained by clilorinating toluene till 
the S.U. is 1‘175 is boiled with water aud MttO| 

(2 mols.) (Schmidt). -4. By heating henzylidene 
cliloride with aqueous KOil under pressure, or 
by boiling it with milk of lime. h. Bitter 
uiiiionds tiro freed from almond oil by pres¬ 
sure. The press-eakc (12 pts.) is made into a 
]>aste with boiling water (110 pts.); after 15 
minutes the puslo i.s allowed to cool. Theemul* 
sin IS deHtri>U‘d by boiling, an<l therefore a second 
ipniiitity of tho press-cake (1 pi.) is mixed with 
«-old wut» r (<» pts.) and adiled to the first. After „ 

12 liours’ maceration Die >Yhi>!(! is dibtilliMi wiUl 
steam. Tho yi<‘ld is 2 p.c. of the press cake (Pet* 

1'nkoh-r, A. 122, 77; cf. Liebig a. Wiihlor, d. 
22, 1). In this operation nmygdalin is split Up 
i»y tlio mioiranisc'd ferment eniulsin, tho pro¬ 
duct:' Ix'ing benzoic abb-hyde, prussic acid, and 

J'lijeu‘.e : 

c.„n„Ko„ 4 211 ,o«c,)i..o 4 CNH + 20 jr„q,. 

Benzoic aldehyde so ]ii'e)>ared Oimtaine 
prussic acid, which api^'ors to he comliined in 
the form of the cyanhydriu ('JI.,.CilR''il).CNj 
for a tr^xinro of iKuizoic aldehyde aim prussio 
acid yields methyliiniine on reduction, while 
ci udo oil of bitter almonds yields umido plicnyl- 
ethnno CJIagain, a mixture of 
ti'nzoic aldehyde ami jirusstc acid, on treatment 
with cldorine, yields C,ll,Cl.CO.Cl, while oil of 
bitter ahiiond.s yields, hv Hitnilar treatment, 
CJf,.CH{OH).CO.N;<'}L(Cll, (Fib ti. G. 0, 446J. 
Prussic acid may bo rcniovcMl by sliaking witil 
FeSO, and lime or potash, or by liigestiog with 
llgO and water. I'hc ablehydc is then puri^ 
by means of NallSO, as described under 1. 

/Vo/.vj/iV.*'.—Colourless oil. U is not pol- 
HonouH. It oxidisi's ra]>id]y in the air, but the 
addition of a little prussic acid hindeis the oxida¬ 
tion (Dusart, HI. 8, 4.VJ). It do>.K not reduce 
Fehling's solution. , 

y.Vn R-'/i.s.—1, Oxulvicd (o benzoic acid ^ ; 
air or other oxidising agents. Cone. HNOm^ 
however, fufijiB (ami a iittle o ) niiro-bonzaf* 

' debyd*;. - 2. A<jurnfjn*i}t aladiolic potash giteej, 
benzyl alcohol an i potassium benzoate.—8. Lev' 

; over rc'l-W pumice it is sjdit up into CO airif. : 
I bc^nz' iie (BarreswiI a. BouilaulL >4.52, 860).*-5 
' 4. I'fli, forms bcnzyhdeno chloride (Cahoura, if, . 

I 76, 3'm. COC), acts similarly (Kempf, J.vr* HIJ‘ 
j 1, 412). —5. Chlorine forms boijzoyl ofiloruii ; 
' and a compound of that body with benzoic 
hyde, CJl>CHCJ(OBz) (Uurent a. Gerbardt, 
1850, 489). hrwiine acts similarly, fomrittf ' 
, C,U*.CUBr(OB 2 ) [70®] (Liebig a. Wohler, ii fj 
I 266; Claisen, £. 14, 2476).-0. Nucefnyl ehlM:; 







rid$ prodaoH •noclolfl ftofd lUid benzylidene ; 
ohionda (Bambold, A. 188, 189).—1 Sodium 
amalgam reduoei It, in presence of water, to 
benzyl alcohol, hydrobenzoin, and isohydroben* 
aoln. —8. Potatsium cyanide produces benzoin. 
0. Aqueous HI (S,0.2 0) at 280® reduces it 
toluene (Bcrthelot, /. 1867, 316). — 10. ILS 
forms thiobenzftldohyde. —11. Aqueous Ny^ 
forms liydrobenzmnide (CJI,CfI):,N 3 . — 12 . 
Ammofiiinn sulyhide forms thiobenzaldine 
C„II„NH.,.—13. NJIjandsulpliideof carbonform 
NH,.CSS.N(Cn.C«II,)3.-14. With ^elic anhy^ 
dride and sodium acdalc, on liealing, it forius 
sodium cinnamato (i». rnuKi.s'H Synthesis, ]). 
108). Tho reaction probably takes place in two 
stages: CJJiCHO + CHj.COaNaa 

CJI,.CII(OH .0113.003X0- 1 

njO + O.Hj.OI^CH.COaNa.—16. With Ac,0 and 
sodium succinate it gives the lactone of 
C03H.Cn3.CH(C03n).ClI(0H).C,Il4.-16. With 
sodium ifiohutyrate and Mohutyric anhydride it j 
forms C,invCH(OH).CMo3.C03lI, v. Oxy-phenyl- I 
VAt.«iua ACID (b'ittig, A. 21C, 119).—17. With j 
A03O and sodic butyrate at 100® it gives only j 
phenyl*ango!!io acid, wliereas at 180'^ tho chief \ 
product is oinnamio acid (Slocum, A. 227, ' 
6.'1). — 18, The roaotiou rh01IO + CH,XY- 
H^O + rh.GI^CXY takes place under inlluctico 
of dry liCl or aqueous or alcohoUo KOll on I 
oondition that X or Y is of tho form CO.Z, e.y. j 
benzoic aldehyde noting on acelouo, mesityl 1 
oxide, aceto]d)onono, pyruvic acid, nialonio oilier, ‘ 
and acetO'Oeetio ether. ]Nu’kin*s reaction is of 
a similar nature. Oecusionally intermediate I 
compounds of the form l’h.Cll(011).OIlXY are | 
tonnod (Claison, A. 218, 121). — Id. Sodium 
malonate and Ao^O react in the cold, giving oil 
CO, and forming ciiinamio acid, ns follows: 
Ph.CIIO ^ CH3(CO..U).»rhCU:C{003ll).. + H .O 
« VhCH:ClI.C03U V 00, +11,0 {Stuart^’. J. h, 
404).—20. Xotfwm isosuccinatc and Acl) net 
similarly, forming phonyl-iso-crotouio acid: 

Ph.CIIO+ CllMo(CO,II). «• 
rh.CH:OMe.CO,lI + CO, + H.O. 

91. Acetyl chloride and zinc-dust form diaoetyl* 
hydrolionzoln ; while benzoyl chloride and zinc 
dust form di-bonzoyl*hydrobon/.«)in (Paal, Ji. 1"», 


ci»t and orein act similarly (Michael a. Byder, 
S. 19, 1368; Am. 9. 130).-28. (»)-Naphthol 
left to stand for several days in the eoM 
with an acetic acid solution of benzalda* 
hyde treated with a few drops of HCl forms 
di-(6)*naphthyl benzaldehydate (di-naph* 
thyl-ortho-benzoic aldehyde) CttH.CH(OC„H,), 
(20.5®j. It is a cry.stalline pp., si. sol. all ordinary 
solvents; insol. aqueous alkalis. By warming 
with acetic acid and a few drops of HCl it is 
converted into the isomeric dl-oxy-di-naphthyl* 
phenyl-methane CJI..CH(C,oH*.OH )3 which at 
the same time loses 11,0, giving the compound 

CJIj.CH< 2'*S«>0 (Claisen, B. 19, 3317).— 

29. Acetone in presence of otiuoous NaOH pro* 
(iiicos C 4 lI,.OH:Cn.CO.CH 9 and the compound 
C„lli.CH:Cil.CO.CH:ClI.CrtH 4 . In general, com¬ 
pounds containing tho group CH.,.00 react with 
benzoic aldeliyde, exchanging tho H, for GHPli 
(C'laisen, 1). 14, 319, 2108; v. Bknzymdbns- 
acetmnk).—30. Prussic acid forms inandelo- 
nitrile or the cyanhydrii. of benzoio aldehyde, 
CJl.,.CII(011) ON (v. AfASDEMo acid). This is 
converted by alcohol and HCl into immdelic 
imido-utlier, C,.U,.CJI(OJI).C(Nll).()Kt {Volckcl, 
A. 62, .‘{61; Tioniann, li. 14, 1007). Benzoic 
aldehyilo (4 vola.) mixed with nearly anljydrous 
pnissii; acid (1 vol.) and sliakcn with alcoholic 
KOI! forms bonzimide [167”*], a 

Hocculcnt substance, insol. water, alkalis, and 
acids {liaurent, A. Ch. [2} OO, 397; 60, 103; 
Zinin,A.34,188; B.2.562; Gregory,A.54,372). 
31. Hydroijcn iodide forma a pvingcnt compound 
C.3,H,J,0 [28'’] insol. water (GeutlKTa. Cartmcll, 
.4. 112, 20).—32. HOj forms a disulphonio acid 
i C,J1,(S0,II)3.C110 (Engelhardt, J. 1864, 350).— 

) 3.3. Ily treatment with u melhyl-alcoholic 
; solution of sodium viethyUite a white solid 
' compound C„llj.C(()M«})(OCAI.)(OXa) is 
foniu'd. Tiio same body is formed by the 
action of so<lium luothylalo on ben/yl-bcnzoate 
or of sodium bonzylatc on metliyl-beuzoute. 
By treatment with acetic acid it ia split up into 
a mi.xtureof benzyl benzoate, methyl benzoate, 

' benzyl alcohol, and methyl alcohol.- 34. If 
benzaldehydc is heated witij a small quantity of 


1818: 16, C36; 17, 909).—22. Jtoacts Avith 
nitro-p<\rafms thus: Ph.CIIO + ir.C(NO.).CIl,- 
H,0 + PhCH:C(N03)(:if, (Priebs, A. 225,'319).- 
93. A solution of aniline in cone, MCI pps. 
yellow crystals of a molecular cdnq'ountl. Tlioy 
are only stable in presence of cone. HCl (KUx^rs, 

A. 297, 357). If 8nCI,i)oaIso present a com¬ 
pound (XPh^HCl)-..(0.11^0),SnCl, is formed 
(K.).—24. Auift'mr fofy.s bonzylidone-auilino, 
0*Hj.CII:N.CJIj; o-toluidin} acta similarly. 
When boated in presoneo of HCl or ZnCl, 
aniline forms di-amido-tri-plienyl-mcthano. 
JOifnethylaniline in presence of ZnCl^ gives 
O^HjOUlO^U.NMe,,), (Fischer, if. 10, 1623) ; di¬ 
methyl m- (but note- or p-) tohiidinc belmves 
limilarly (Fischer, B. 13, 807).—25. FAhylene- 
Aiutnine forms (C*Hi.CH:N)..C;H,, [54®j (Jlason, 

B. 20, 267).—96. {B)-Nuykthiiliifnine forms bou- 
Bylidene-(0)-n,aphthylaminc and then phimvl- 

naphthacritUno AUhydrulo PhC.'lI<;^p'"|j^N II 

(Olaison, .4. 237, 261).—27. Jlesorcin in pre¬ 
sence of HCl forms a resin G.,11,904 (Baever, 
& 6. 95), Phenol, pytvcakchin, j'hlotvglu* 


sodium bi'u.ryhite for several days at 100®, it is 
I slowly polymerised to benzyl bonzoati*. Probably 
the compound C„Hyr( 0 C,Ud. 40 Na is first 
formed, and then decomposes into benzyl 
benzoate and sodium benzyhite, which latter 
again reacts upon a further quantity of bcnzal- 
doliytle, producing mort. of the intermediate 
compound, and so on (Olaison, B. 20, 610).— 
' 35. By boiling with ammoutTw fortnate it yields 
tri-, di-, and mono- benzyl-amino and their 
formyl derivatives, together with other pro¬ 
ducts (Loiichart, B. 19, 2128).—36. Ammonium 
sulpkocyanidc at 140® forms bonzylideno-thio* 

biuret C.UVCU<;^JJ'pg>N'H [237’] (Brodsky, 

Jf. 8, 27).—37. Ben jene-azo-bemeue and 12 dC], 
forms * benzvlidene-bonzidine ’ C^H..,NjO,{?) 

[239’] (Bar/iiowt^ky, J.i?. 1885, 366).—38. AcU 
! upon an aleoliolic solution of s<Mliu)n aceto- 
lu'flk ether, forming C^^Hj-Oy [l*27®<, sol. dilute 
alkalis (Michael, J. pr. [2] 35, 450).—30. Hy- 
drtizini'-brtieoic itcid, NII;.NH.C,Ii,.C 04 lI, forms 
benzyli.lone-hydva/inc-benzoic acid O..H,piA 
[172’ uncot.] (liodcr, A. 233,171). 
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OmbinaHam. I. With bisolpbit^i. 
OACH(OH).SO«Na4M. Small oTTstaJa, v. a. 
Hol. water, isaoi. oold alcohol. jDecomposed by 
boiliag water, boiling dilate acids, or oola 
aUcalis or alkaline carbonates (Bortagiuni, A. 
85, 188). — C,jHjCH(OH).SO,K; laminte. — 
C,H 4 .CIl( 0 H).S 0 ,N'U,ttq: formed by action of 
SO, on an alcoholic solution of livdrobenzainide 
fOtlo,d.ll2,30.>).—jC,H,.CU(OH).SO,;,nallaq: 
irom the Na salt ami BuCI..—2. With SO^ and 
aniline: (CJIsCUO),(C,H„K),SO, {HdnlX, A. 
140, 130). p-Toluidine forni.s, similarly, 
(C 7 H, 0 ),( 0 ,H,N)^S 0 .;. ~'A m i d o*ac i d B sliukt-n 
with aqueous sulutions of SO. and h<'i)/\>iu 
aldcliydo form crystalline compounds, e.g. (from 
glyoocoll), CJf,.CH(OiI).S(),.NH,.Cil..CO.H, 
and 0,H».Cn{OIJ).SO,.NllrC,H,.CO,H (from 
amido-bciizuio acid) (»SchiJl, A. 210, 123).— 
3. With inorganic salts. C;H„0UCaCl.{‘.*) 
(Ekmann, .1.112,17o). -C.II„OiU*’, (Laudolph, 
J. 1878, 021). 

Oxim V . Bksz.vt.doxim. 

Phenyl-h y dr azide C„Tl 5 .CII;N.HC,.H,. 
[153"]. Vanned byndding a solution of plienyl- 
hydrnzino hydrochloride ujid scxlimn un lati- to 
an aqueous solution of bcn/aldchydc; tlm wliitt; 
pp. is distinctly visible with a solution of 1 pt. 
of benzaldcliydc in o0,(K)0 pts. of water (l''is{-ln r, 
]t. 17, 571). Can bo «*ryKtani.se(l fif>m alcohol. 
Irisol. water. Acetyl dt-rirafiec C,.,Il,,N;Ao 
[120‘’], long needles (Schroedcr, }). 17, 20'.MI). 
Jiemoyl derivative C,.II.,.C1I;N.Nll/l’h : 
(122^). Vormed from bon/.aldehydcand «-bcn/yI- 
plienyl-hydrnxinc. Very thin silky nei»llcs. 
V.sol.aloolhil (Michaelis a. Sclimidt, i>.20,1717). 

Methiil-yhenyl hydrazide 
PhMoN.N-CH.Vh. !'l02'»-101-0‘^j.—1. Vormed in 
small (pianiiiy from the mcthyl-plnuiyi-hydm* 
fide of phcnyl-glyoxylio acid (yw.) at 120 
Benzoic aldcliydo anil methyl-aniline arc also 
formed.—2. Vrorn benzoic aldehyde andniethyl- 
phcnyl-hydrazinc in aleoltolio solution. White 
needles (Walhich, A. 227, 352). 

Derivatives of Ikmoic ortho-ahhhyde are 
described as Be.szylioknk derivatives. 

BENZOIC ALDEHYDE. AMUONU-DERI- 
VAT1VE8 OF. The most important of thc.se 
are hydrobemamule, amarine, and loyhinc. 

1. HTD«OBENZAMIDEC._.,fI,«N.;t.tf. (C„II,.CI1),N\. 
Tribenjtylideneaiiamine, [llO'^J. 

Formation. —By the action of ammonia 
itpon benzoic aldehyde (Ijauront, A. Ch. !2J 
02, 23; 6G, 18), upon benzyhdi iic acetate 
C,H*.CH(0.C.,TI/))2 (Wickc, A. 102, 3»;.S), or 
upon bcnzyUdcne-diehloride (lOngelhardt, A. 
110,78). 

Prcpflrafuwi.—Benzoic aldehyde, whiirli must 
be free from hydrocyanic acid, is left for kom.o 
days in contact with strong ucjuigms ammonpi. 
The crystalline mass wJ.ich separates i.s washed, 
first with water and tlicn with ether, and tinully 
recrystullised from alcohol, lleataccclerates the 
action, but diminislies the vield. Equation: 
SC.H^CHO + 2NH, = (CJi,.(-JI),N*, + 311,0. 

I^pertics ,—Crystallises from hot alcohol in 
colourless rhombic octahedra, which* are gene¬ 
rally wedge-shaped. Insoh water: sol. alcohol 
and ether, lias a sweetish taste and is not 
poisonous. 

Reaefiont.—I- When heaUd for several 
boars to 120^-130'’ it is converted into tlic iso- 


merie amarine fBexio^ini, X 88, 187). ‘By 
destruetive distillation it yields lophinft O||R„N| 
(Laureat).^3. Boiling with aqueous poUuh 
copverts it into amarine (Fownos, 1845,263), 
jrhilst alcoholic i>otash breaks it up into ben*' 
zoic aldehyde and ammonia. This last decom- 
position is al.so efTecteil by prolonged boiling 
wfth alcohol alone. Vusion with potash pro. 
duces very complex droompositlou, yielding 
among other products loplnhie. - 3. Dilute tnuWs 
I hydrolyse it readily on biylii»g, slowly in the 
' cold, into b<*nzoic aidehyde nnil ammonia. The 
• ease wilh which this livdrolysis occurs is best 
accounted for on the assinniuion that hydro* 
himznmido is tribcnzylidene diamine.— 4. Dry 
hydrobcJizainide absorbs gitseoua hydrochloric 
acid. During the process a iKm-nitrogimous 
Bubxtanco volatilises, and tho residue, when 
; Inateil with water, yields benzoic aldeliydc and 
aimnonium chloride. If insti ad of treating tha 
: ri'siduowith water it is healed, bon/.oiiitrilu and 
, benzyl chloride distil over, wliilst aconqdex mix¬ 
ture of basic substances nnnains (Kkmann, A, 
112,151; Kuhn.-4.122,308). -f). It iinite.s with 2 

moh.oihydnycyaniiUicidXoionuhydrohcnznmuU- 
dihijdrocyanidc, a yellow orystallino mass molt¬ 
ing at 55^^h^c^l,^vhen treated with liydroehlorio 
noid, is decompo.sed into hen/.oic al«h'hydo and 
(iheuylamido'iceloriilrile ; C^,U,»N;„2HCN ♦ H,0 
■ cH„0 + 2C„Hi.CH(.NIl,).CN, Iho lattir com¬ 
pound being Bub'-eqiiently hydrolysed to tho 
Corresponding acid (IMiichl,13,21151). Under 
other conilitions tin* benzoic ahhhydo and 
phcnylamidoaeetonilrile thus foi nied may unite 
with eliminatioT^ of water to form hcn'oyl aeO’ 

■ tide, eVH^NV thus: C,H„0 r C..H.,('IJ(N1U.CN 
- IM) (rioehl, B. 14,1112). When 

an ethereal Kolution of hyilrohi nzamidn is mixed 
with 1 iij^l. of liydrocyanic acid, and gaseous 
liydrochlono acid hs passed into tlm liquid, a 
hydrochloride of IhomoMohyilrocyunide of liydro- 
henzatnide, C„n,„N..,U(JN,UCI, Bepiiralos. On 
boiling this precipitate with coueentratod hydro- 
(diloric acid, it is decomposed into benzoic 
: aldehyde, ammonia, and tho liydrochloride 
of an anliyilrido of tho formula (v,ll|iN.^U: 

Nil,. 

Tho free anhydride melts at ^ and sublimes 
'without decomposition; tho acid 
: melts at I20^(I*li>chl, yy. I I, 1130).—G. liissolveil 
in absolute alcohobund treated In tho cold with 
3 \y.c. sodii^n amalaam it yiidds brnzylidcnc-di- 
Astronger 

uniaigam, aided by heat, converts it into 
hi.n/ylaminc and toluene (O .’'isci'er, B. 12,748). 
7. ilydrohenzamido "is also ucd(?d upon by 
chlorine, sulykuroui anhydrhle, sulphuretted 
hydrogen, and ethyl v Ude, but tho reactions 
arc not of importance. • 

2. Amaiiink: Tsomcric with hydro- 

henzamido. Probable constitution: 

CJl,.C.NIJv 

3 \ciI.CJIj(E. Vischcr, A. 211, 217; 

i cjr,.c.NrK 

Japp a. llohinson, C. /. 41, 323); or 
- I ^C.C,H, (Claus, B. 15, 2338). 
i [100']. 

Formation.-^!. By tho action of ammonia 
^ upon 00 alcoholic solution of benzoic aldehyde 




' 174 , 

(Unirat. b. b. IS, tCS).—S. B; boiUog hTdra- 
^umida with •qoeooi potash (Fownea, T, 
1849; 36d).~8. heating hydrobenzamide to 
120«-180'’ (Bertagnini, A. 88,127).-4. Together 
with iophine by distilling the double coropoumi 
of Iwozoic aldehyde and ammonium hydrogen 
aulphite with excess of slaked lime (GOssmapn, 
A. 98, 829).—6. In small quantity when am¬ 
monia acts upon a mixture of benzoin and 
benzoic aldehyde A + C,H,0 + 2NH,- 

CyiHiaN, 4-81LO (Itadziszcwski, D. 15,1405). 

iVeq/araficm.- llydrobenzaraido is heated 
from 2 to 4 hours at 120°-!.%*^. The vitreous 
mass thus obtained is dissolved in boiling alco¬ 
hol, and an excess of hydrochloric acid is added. 
The aumrino hydrochloride, whieli soparntes in 
white oryatals, is purified by recrystalliHing from 
boiling alcohol and is then deuonqKised with 
ammonia. 

i-’ro/MvhVa.—Deposited from alcoliol in lus¬ 
trous prisiiiH. Melts at lOl)-' (Fowncs), but by 
boiling for some time with water, is converted 
into a granular snhstanco iii<-Iting as high us 
12(>‘\ 'I'his mollification is retronvorted into 

I irismatieuiniinne, melting at 100'', by recrystni- 
isation from uli-ohol ({^aus, 7/. JH, 1C7H). 
Iiisol. water, v. sol. uleohol and ether; the alco¬ 
holic solution liavirig un alkaline reaction. Has 
a hitter fastts which is noticeable only after a 
time. Very poisonous. Combines with acids 
to form sparingly soluble salts wliich have 
an inteusfly biller taste. — C 3 ,n„N.. 4 iCl. 
Needles, hparingly soluble in boiling water. 
— iCj,lImN,,.llCl)..,riCl,. Yellow crystalline 
salt <(lossniatm). — (Borodino, 

A. 110, 79). - C..,U„N..,HNO, (Fownes). 

fC„n„N.),n,SO,+ BilU) (Oroth, vl. ir,2,122).-- 
(C3,n„N\.)^,ll.Cr»0,. Yellow precipitate, almost 
inso). water. ^ 

Jfcaefion.^. - 1. By desMtcUve di^iillution it 
yields ammonia, toluene, and lopliine, , 

I Fownes; v. alsoKadzi.s/.ewski,/.'. 10.70).—2. By 
iniited oxiditiion, ns wlien the chromate is boiled 
with glacial iioetio acid, it is ooriv<rted into 
lophirio: C,.,II„N,-f() = 0,,H„N, + I[,0 (Fischer 
a. Troschko, Ji. 18, 707). Kxecss of chromic acid 
oxidises it to benzoic acid. 8. When nhotnlco- 
hoUo solution of amarine is ncidilied with acetic ! 
acid and a hotconcenlrnted solution of unalkolina j 
nifWfb is added, nittvso-amariur, C3.1I„(N0)N,. I 
Beparates, and, by recrystalli^lvtion fiB>m alcoliol, ! 
may bo obtained in rhonibio tables, wliich,! 
when hoatod to 150°, decompose with formation 
of Iophine (Borodine, li. H, 934).—4. With ' 
fiiYric rtcid iif th9«cold, tnononfVro-njnurim’, ■ 
C 3 , 1 I,j(N 03 )N._., is formed r hot nitric acid con¬ 
verts it into dinUro-nvuirine^ ' 

The latter compound yields, with rt'ducing ! 
agents, dtnmido (imuriTie, C.^,H„(NH. 3 ),N 5 . Balts 
of these iiitro- and amido- bases have been pre- ^ 
pared (Claus a. Witt, B. 18, lfl70).-5. With 
autul chZortdo an etht^real Rolution of amarine i 
yields a^ product which, when treated with I 
alcohol, is separated into amarine hydrochloride 
and diaootyl amarine, C„ll„(C..n,0),Nj (2(i8°J { 
(Bahnuttim, J. pr. ^2] 27, 295).-«6. Amarine ! 
reacts with the fuiioffen compounds o/ the alkyls '■ 
to form substitution- and aMitioii- compounds. I 
Thus when amarine, methyl iodide, and ether ^ 


Aminonia la witboot laotltm npoa thb lalt, bol 
alcohotjo potadi Uboratasmetliytamarind 
When amarina ia heated with methyl io<U^ a 
dimethylamarine hydriodide, ^ 

formed. Like the monomethyl compound it ta 
not decomposed by ammonia; by treatm^t 
with alcoholic potash, dimethylamarine [146^] 
is obtained, and this base unites with hydriodio 
acid to form a hydriodide isomeric with the 
foregoing and diilering from it in being decom¬ 
posed by ammonia even in the cold (Claus a. 
Elbs, B. 18, 1418). Dimethylamarine and the 
other dialkyl-amarincs do not combine with tiiie 
halogen compounds of the alkyls. 

Further derivatives of amarine.—KthyU 
amarine, C,;,H,^tNa [163°J (Claus a. Scherbel, 
D. 18, 3080); diethylamarine, C^,H|„EtaN, 
fll0°-115°] (Borodine, A. 110, H2).—IienzyU 
a;»!aW)u*,C..II„(C.H,)Nj (1230-124°]; dibenzyh 
amarine, C.Jl,AC.lL),H., (1390-140°] (Claus a. 
Klbs, B. 18,1418; Claus, B. 15, 2330; Claus a. 
Kohlstock, B. 18, 1B19V— Ethylhcnzylamarino, 
C.,H,,Et(C,lL)N 3 (1.35'] (C. a. K.).-Hydro- 
)af.’f/iJ//6cH.?//M>nrtrm/’,C3,H,sMe(C,H7)N.^O(‘i08O]; 
/ii/drotrimcthijhiviarme, CjiIIpMojN.O (158°] 
(Claus, B. 15, 2320). — Other derivatives : 
C,,H„.N.,(C,H,0) OKt; C.,,n„N,(CO.,Et),; and 
^'•|IfNN 3 (C 03 Et)(CUNHl‘U) (Buhrmann, J. y>r. 
{2J 27, 295). -Amarine-.'iilver, CajHjjAgNj (Clans 
a. Elbs, B. 1C, 1272) ; dianunine silver 7iUrate, 
(C„H„N.^,,AgNO,aq [218"] {C. a. K,). 

When amarine silver is mixed with one mo¬ 
lecular proportion of an alkyl-halogen compound 
(the latter diluted with benzene) and allowed to 
stand in thoeold, adnuhlecom]>oundof amarine- 
silver with the alkyl-halogen is obtained. At the 
same time a small t|uaiitity of monalkyl-amarine 
is formed from llie double compound by elimina- 
lion of silver iodide. In this way the following 
compounds have been prepared (C'luus a. Scher- 
bcl, B. J8, .3077): anuu me-sili'er mt'tliJ/lo‘iodide, 
(\,lI,jAgN.MCIl,I [I 730 ]; amarine-silver cthylo* 
iinlidc, C..,II„AgN.„C. lf,,I (115°]; amarine-silvef 
isopropulo-bromidc, C..,iJ,..AgN.^,C,HJ{r, (140°]; 
and finally rt«irtri«c-.s<7/tT benzylo-chlorids^ 
C._.,H„AgN 3 ,C,lLCl, [2500]. When amarine-siU 
ver is treated with benzoyl chloritlo it yields 
hemonl-amarine, C 3 ,H„(C,I 1 , 0 )^;» [180'], which 
forms salts with acids and also unites with ben¬ 
zoyl chloride to form bemoul-aaiarine benzoyl 
chloride, C3,H„(C,H,0)N2.c4l,0Cl, [312°], and 
with benzyl chloride to form l>enzoid'afnarin€ 
benzylo-chloride, C.,,H,;(C.II.())N2,C,H,C1 [351°], 
which latter is isomeric with bemi/l-amarins 
benzoyl cWoridc,C 3 ,H,-(CiIj)N 3 ,C.Hj 6 Cl, [ 8 ^°- 
350°], obtained by the action of benzoyl chloride 
upon benzyl-araoriue,^ Tlic bases correspondiDg 
with these two chlori<les aro also isomeric. 
Banzoyl-amarf le also unites with methyl io^de 
and with ethyl iodide to form additive compounds 
melting at 818° and 354o respectively (C. a. &•)• 
C.U,.C.KHv 

8. LorniNiCj.H.A- II ^C.CA* 

Triphenylglyoxaline (Japp a. Robinson, <7. /• ’ 
41,823). (2750}. 

Fonmtion.—l. By the destructive disiUln* 
tion of hydrobenzamide (Laurent, A. Ch. 19^ 
809), of amarine (Fowncs, T, 1845, 253), or 


ftwartne hydriotfuf^, Cj,H,;MeN,,fn, U formed. | the limited oxidation of amarine with 



Isanibip (»>. 


W 


:% J^Bl^ag Wiihoni i iate4 w>na>loQhoUeao!q« 
tfoii ol A mixiure ol benzil and benzoic aldebydd: 

c;h::co*‘’‘“>c™+ 2 sh.- 

C.Hj.C— 

(Radziszewski, B. 15, 1403; cf. Japp, B. 15, 
2410). —4. By heating togcllicr j) oxybenzoic 
aldehyde, bi n/il, and ammonia, jj-oxy-lophine, 
C*|Uu(OH)X;^, is formed (r. Bunzil, auhonu* 
nBBrvATiVBBOK.p. 40«;); ami tliis, l)y distillation 
with zinc-dust, is canvert»?d into lophino (Japp [ 
a* Robinson, (’, J. 41, 303).— 5. liy warming 
oyanphenine, with atictic acid andzinc 

duet, or by distilling it with potash and iron 
filings, it is converted into lophine and ammonia: 

+ 2H3 = C;.,H„jN 2 + NH, (Itadziszewski). 

PrtTwrofion.—llydrobcnzomido is heated in 
a retort until the more volatile products of its 
decomposition —hydrog#'n,ammoiua,and toluene 
—have been given off. Tin; residue, which can 
only be distilled at a high lemperatm-e, is treated 
with etlier, and tlicn dissolved in glacial acetic , 


and && lati« oompoand, by tnatme&t 
moist aihrar oztda yields the oomspondiog biM 
(Ki)hn, d. 122,826). 

. IsoMKRutB or torunm.—According to Kfihn 
M. 122, 319) an isomerido of lophine, 
C-H,gNj4aq, is obtained, togetlier with 
ordinary lophine, by saturating liydrobonzamldo 
with gaseous HCI, ami heating the mixture to 
230^. Needles [170^j, v. sol. boiling uIcohoL 
Forms salts. 

A2 ouknzoiui)h,C,.H„N^(V) (Laurent, ^.C/<.[8] 
1, 300) and i>inaNz..Yi.iMii.K. C,,1J„N0 (Itobson, 
C. J. 4, 225), are also eompouiida wliich are 
stated to have Wen obtained by the action of 
ammonia upon benzoiu aldehyde. They have 
been very litth- stmlied. 

Brnzoio ALUKiiYm-;, nYnuocYANio Actn, and 
AMMONIA.—A number of compoimds arc uhlained 
when ammonia acts upon b»‘n/.(uo aldehyde 
containing hydrocyanic nchl. Some of IIicko 
are, however, more re:ulily prepared fn»m the 
hydrtK'yanbles of hy»lrol>enzamido (</. r.) and 
have t)i(Tefor<» been described under that 

. , , .c.;7. .head.—0,.,ll,.Nj,. Formed 

acid, brom this solution wali'i precnntttl<?» i along with otlier products whim a mixture of 
lophine, whicli is finally purilied hy recrystah | ben/oic aldi hyde, liydrucvanio acid, and 
from boiling alcohol (Uadziszewski, Ji. ammonia is nllowt-d to stand for some, weeks 
« ... I (Laurent. A. Ch. [2] bt*. IHO; luWc gupra. 

Pmpcr/jcs.-'Cry.stallises in very slender, i * Hydrobenzamidc’). (’rystallino i.owder, con- 
COlourleHS silky needlca [275‘^J (Hadziszewski). ■ sistingof minute rhombic prisms,si. sol. boiling 
Distils without decomposition at a high tern- alcolud. By ihstruclive disliiiatiou it yields 
^ riie ^vapour-density agrees with t)ie o/auronc, 0,,,Ii,|N, togetlur with lu]>hine and 
(l'_‘^^‘her a. I’roiclikc). Insol. , ollwr products. Aniiiroiie forms (roloutless 


peraturo. 
formuia C 


water, si. sol. alcohol and ether. Its solution needles (233 'j, si. sol. boiling aleohol (I-aurcnL 
m alcoholic potash phosjihoresce.s when uir is | lie\ w ScienL IH,207). 2. /i.o5.'»royf,OJI,-N„ 
admitted, owing to a proccos of oxidation, hi ■ is formed according to the equulion : 
which tho lophino is slowly converU-d into hen- 3C H„0 -i IICN i NJl,c-- C....!!, N. i 311 0 
zoic acid and ammonia (Itadziszcwski). Feebly I (Bcilslriru a. Behieeke, .4. J3iC 17,5). White 
basic: the suits are partially decomposed hy ! crystalline powder, insol. water, v. sol. ether. 


water, in which they are for the most part iiiMi. i Wlien warmed witli ulcoliol and hy.liochlorio 



lone iicid to an alcoholic solution of lopliinc. | C.,.,Ii„N,0, is formed, along with tho foregoing, 
According to Laurcuil and Brunner this salt is ; from tho same generating Kuhslnucefi according 
anhydrous.—:fonnodbytlieaclion | to the equation: 3(J,H„0-» JICN < NIL*, 
of gaseous hydrochloric .acid upon lo|)h)ne.— ; C,Jl„N.,0-f 2II,(J, and differs from it by oon. 
(C|,U]3N3,llCI)3,l'lCh.: rhombic plates. Con- | tuining tho eJeinenls of a molecule of water 
tains 5II3O (Brunner). — C„1I„N.,H1. - i more. Micro,seopte crystals. Si. go), alcohol. 
C|,H„^N„HNO,.-With silver nitrate it gives rise V. sol. elber (Laurent, A. Ch. (21 bO, 180 { 
to; C^jHigNj.AgNOj; 2C.,ll,„N2,AgNO,; ami ; Laurent a. fJerhardt, A. 76, .302). 

®f» tl M yi,.ViX IK .. ri \ 1.. ’ ' 


2C„H,«N.^3AgNt), (A. a. a). j 

RsoeftoMs.—1. Oxidation with chromic acUl 
in acetio acid solution converts lophino into 
a mixture of benz.amido and dibenzaniido: 

C2.H„N,-‘11^0^0,= 

C.H,.CONJI, ^ (CJIvCf).,NH , 

: ^ischcr a. Troschkt t.—2. By the action of 
hrontine upon lophine bydrobrormde, an 
onstable perbromido of the formula, 
OnH„N.2Brs, liBrt?), is obtained (F. a. T.).— ! 


Bl-.XZOIO ALOKJIYOK, AMMONIA, ANX> SUL* 
i'Ucni.TTKD iiYonooi s. -1. J oijzaie aldehyde an4 
amtnoniiiiii sulphide^ if mixed and allowed t< 
stand for some weeks, yield thio-benzaldin 
3 C-H ,04 21128+ H,-C,,lL„N.S2-f8n..O 
(Laurent, .d. Ch. [.3J 1,^31; also (3J 86,*3421 
Deposited from ftli i in nionoclinio crystali 
(125'^]. When hoib-d with alcoliol it gradually 
evolves suljdiuM IteJ liydrogen.~2. By Um 
action of ammonium sulphide iqion crude oil (ri 


8. NUric acid yields, according to tenijicrature ; biller almonds Laurent obtained a comi>ound 


And concentration, cituer <ii»Mrohirhiiu\ 
0„H,*(NO.J.;N,, or triniirolophine C„H„(NO.J,N, 
(IiMircDt; Ekmann, A. 112, 161).—4. Heated 
with concentrated sulphuric acid to 100^>i7(J^ 
. Miine is converted into hphinc-disulphmic 
oSdT C„H„N,(SO,II), (F. a. T.).-5. With 
i 4od^ At 100^ it yields lophine bydriodide 


Bi nzoic aldehyde slowly reacts in tlie col4 
witli C8, and Ml, to form a compound, 
(tjuadrat, A. 71, 18). Tho same 
substance is formed when benzoic aidehyds 
is mixed with ammonium thio • carbamate; 
2C,H,0 + CS,+2NII, - C„II,.N^,+ 211^ (M118 
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der. A. 168, 698). Prismatic onrstali, melting 
with decomposition at 100®. Cannot *be dis¬ 
solved in alcohol or ether withoat decomposi¬ 
tion. The compound may be regarded 
hentylidene - ammonium dithio ■ carbamati, 
NHrCS.S.N(CH.CJI,)",. P. R. J. ^ 

BENZOIC ALDEHYDE CARBOXYLIC ACID 

f, ALOJSnVIio-UKNZOIC ACID. 

BENZOIC ALDEHYDE GREEN v. Teira- 

MaTHTI.-DIAMIOO-TnirnENYL-CARBINOI#. 

BENZOIC ANHYDRIDE C„H„0, i.e. 
(CJI..C()).;0. lienzoyl oxide. Mol. w. 220. 
[42®]. (aOO® S.G. (liquid) 1-227. i 

H.F. 104,H15 (Slohmnnn, J. j>r. [2] 30, 3). j 

Formation .—Pioiu RzCl and NaOll/., UaO, ; 
n,C,0„ or KjC^O,; or from NaOliz by tlio an- : 
tion of rCl„ rOCl„ or S,CI, (Oorhardt, A. Ch. \ 
[3] 87, 220; W-.mder, J. pr. Cl, 408; llointz, ' 
P. 02, 458; (Jul. A. 128,127; Anschutz, Ji. 10. 
1882). - 2. Prom benzotrichlorido (1 pt.) untl ; 

{8 plH. of 05*4 p.c.) (Jonssen, Ji. 12, 
1406).—3. Ry the action of tho dry nitrates 
{0 mola.) of rb, Ag, Hg, Cu, or Zri upon bon- 
Koyl chloride (1 mol.) {-■/. v.) (Luchowicz, TJ. 18, 
2000 ). 

<>,^."Trinifttric prisms, insol. water, 
m. sol. alcohol and ether. Slowly convmted 
into benzoic acid by boiling water, more ra]u(ily 
by alkalis. Hot NlI^Aq forms bon/.aniido aiul 
ammonium bonzoato. Combitu's with bromine 
(1 mol.). Gaseous IlGl forms BzCl an<l HOB/.. 

Mixed Anhydrides.-Mixed anhydrides of 
Iho form lizOH are formed by tho action of 
benzoyl uliloride on the alkaline salts of various 
acids, or by tho action of various alkoyl chlorides 
on sodium bonz<*ate. 'J'liey Aregen«*rally d(‘<'oni* 
jrnsed by heat into a mixture of two anhydrides; 
and by water, more rapidly by alkali.s, into two j 
acids. j 

Denzo-acetic anhydride m'.O.lW. t>. 
AcRTo.iiKNzon? oxiju;, ]i. 17. 

anhydride 

Ds.O.CJI.O. Oil (Chiozza, yl‘. 81, JOH). 

Benzo.heptoic anhydride !5z.O.C;n,,(). 
Oil. H.G. *-^l'0l.’l(Oliiozzaa.Malerba,/I. yi, 102). 

Bemo-pelarqonie anhydride 
BzO.O,H,,0. Oil (Ohiozza, ^f.CVi. (;i] 82, 200). : 

lien^'O’Wyristic anhydride 
RzO.O„H.,0. [38^’). 

Bemo’Stearic anhydride B/.O.C„lP 0. 
(?0'J(C.a.M.). A • ^ i 

JJcnio-Qngclic anhydride iT/.O.OvlI.O. 
(C.). Oil. 

Ben zo • r t« n a m ic an h yd ride 
Bz.O.O„H..O. tVI. •' l'l84. 

Bi; n• c w tn in ic a n }i*y dride 
Dz.O.C,„H.,0. Oil. S.O. 1115. 

BENZOIC BROMIDE i*. Benzoyl nitt'siTOR. 

BENZOIC CHLOnlDC r. Benzoyi. ohikuui'E. 

BENZOIC CYANIDE t'. Benzoyl cyanide. 

BSNZOICIN t'. 7Vi-6r)uoyf*GLYCEHiN. 

BENZOIC OXIDE r. Benzoic aniiydkide. 

BENZOIC PEROXIDE r. Benzoyl peroxide. 
BENZOIN C„H,,0,» C«H,.ClI(OU).CO.G,Uv. 

[137®]. Pirst prepared 
by Stauge (if. P. lU, 03), and almost sinniltA- 
neou^y hv Robiquet (.4. Ch. [2] 21, 254), by 
aoting with a solution of potassium hydroxide 
or barium hydroxide upon crude oil of bitter 
almonds containing HCN. 

Fonnation.— !, By partial oxidation of 


hydro - benzi^, Ci!H4.CH(OH).GH(OH).OtfH| 
(Zinin, A, 128, 128).—2. By treating bfmzi! 
CfHj.CO.CO.CgHj with zinc and alcoholio 
hydrochloric acid (Z., A. 119,177), with aoetio 
acid and iron filings, or with K^S. 

Preparation.—200 g. of pare benzoic alde¬ 
hyde are heated for a short time with a solution 
of 20 g. of KCN in 800 g. of 60 p.c. alcohol, and 
the liquid allowed to cool. Benzoin separates 
and is removed by filtration. Tho filtrate, on 
heating witli more KCN, yields a fresh quantity 
of benzoin (Zincke, A. 128, 151). Two mols. of 
lienzoio aldehyde unite to form 1 mol. of 
benzoin : 2 C„Hi.CHO=C«H 4 .CH(Ofi).CO.C,H,. 
The action of the KCN is not understood. 

Propcrfws.—Colourless, lustrous, six-sided 
prisms. Si. sol. boiling water. V. sol. hot al¬ 
cohol ; si. sol. in cold. Cone. H^SOg dissolves 
it with a violet colour. 

Itoactions.- l. Partially decomposed bydis- 
tillatim. Repeated distillation breaks it up for 
tiio most part into 2 mc^.s. of benzoic aldehyde; 
a smaller portion yields benzil and dcoxy- 
benzoin : 2C„H,.,Oa=C, + C, ,II,,0 + H,0 
(Zinin, B. G, 12(J7).—2. Treated in alcoholic 
solution with zinc and hydrochloric acid it is 
converted into dcoxybenzoin (Zinin, .1.120,218); 
at tho same time dcoxybenzoin-pinacono, 
C.MH 2 ,{OII).,.,andhydrobenz>)in are ft)rmed (Gold- 
eiiberg, A. i74, 332). Sodium amahjam reduces 
it to hydrobenzoin. Healing with cone. Ai/driodtc 
acid for some hours to 130® converts it into di- 
benzyl C^U,,, ((loldenherg). Ity distillation with 
yields Ktilbono, Cj^H,.., together with 
an oily Jjydrocarbou isomeric with stilUuie (Jena 
a. Jjiinpricht, A. 155. yo).—3. iV/7/m acid oxi¬ 
dises it to benzil (Zinin); but chromic acid, or 
polaftaium permanyonate, converts it into benz- 
ttldcljyilo and Ixin/.oie acid (Zincke, li. 4, 83y). 
It rojhicos Fchlimfs soJulion in the cold, a pro¬ 
perty cninmon to all compounds containing the 
group CO.CII(OII) (E. Pischer, A. 211, 21.5).— 
4. Pusion willi causdc potash conv<‘rts it into 
benzoic acid wllli evolution of hydrogen (Liebig 
a. Wrdilor, A. 3, 270). When distilled with soda- 
lime, the Ix-nzoato wliicli i.s first formed is decom¬ 
posed by the exce.ss of soda-lime, and benzene 
is obtained (Jena a. Ijimprichl). Tho action of 
a/ct)/fo/m 2>o/a.s7<. is complex : when benzoin and 
alcoholic potash are heated with ac<‘(!S3 of air, 
benzoic acid, a small quantity of bonzilio acid 
(C|,II,„Oj), benzoin ether [157®]), and 

a compound CsolI../h (to wliicii' Limpricht a. 
Scliwanertgavctim name etljyl-dibcnzoin, assign¬ 
ing to it tho formula ( arc formed—this 

last, however, is produtanl from benzil generated 
by tho air-oxidution qf the benzoin [v. Benzil). 
If the benzoin is lieated with alcoholic potash in 
a Billed tube a| lOOMlio products are benzoic 
acid, hydrobenzoin, and cthylbenzilio acid 
(C,„lIuOj). With very concentrated alcoholio 
potash at 160® benzoin yields benzoic acid, 
stilbene, a compound CjJlj^Ojand a small quan- 
; tity of ethyl-benzilic acid. By heating benzoin 
with a solution of sodium ethylate in alcohol, 

' cthyl-hemo'in, C,,H|,0,5.C;jIIj [35®], is formed, 
together with the various pri^ucts already men¬ 
tioned. Prisms, with a vitreous lustre, v. sol. 
: alcohol (Jena a. Limpricht, A. 156,69; Limpricht 
I A. Schwanert, B. 4, 836; Japp a. Owens, 0. /• 
’ 47,90).—6, CAfcn'nc acta like nitric acid, eon- 
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mitog beosoXn Into beni^ (Laarent, A» Ch» [9] 
69, 401)*--6. When heated vith fomiog hydrO’ 
Mfrie acid at 130^ for 6 or 8 hours it yielda 
Upidenc, G 2 «H „0 (q. v.), benzil, and a thick 
rellow oil (Zinin, J. pr. 101, 100).—7. When 
(Kuled with dilute stdphiiric acid it parts with 
the elements of water, yieUling oxylepidetie : — 
2 C,,H| 20 ;. - + 2HX) (liiinprielit e. 

Scliwanevt, B. 4, Concentrated sniphurio 

acid converts it into benzil (Zinin). • 8. Heated 
with alcoholic ammonia for stum; hours at 100® 
in scaled tubes it yields f/enro/n<im, 

(silky needles, v. si. sol. alc«)hol, melting with 
decomposition), bctuo'iniilam , C.;JI,.,NO; 7 [ 100®] 
(granular crystals, si. sol. alcohoi), and U'tra- 
C..i£,.C-N-C.C,Hj 

phenyUazinCt il | |1 (246'], to* 

CJI,.C-N C.CJI, 

gothor with some lophine, Cj,lI„(N 3 . Tetra- 
phonyl-azino is Ix’st pr« piirr«l by lu'ating benzoin 
with ammonium acetate until the salt is volati¬ 
lised, dissolving tli<' j 'odiiot in the strongest 
alcoholic hydi'oidilorio acid, and ppg. willi 
hoi. V. si. sol. alcohol, v. sol. alcoholic hydro- 
chloric acid, v. sol. boiling beiizruie, S(»!. with 
blood-red <*olour in eoM cone. H.SO,. SiiIiIImws 
without <b‘(‘om]) 0 ''ilion. Heatit>g witli soda- 
lime converts it into titritjihcnyh’Ui' - arntc 
(Laiiniit, .1. Ch. [‘2: ibi, 181; Krd- 
niaun, A. Ido, 181; Japp a. Wilson, 6'. J. l>^Hr», 
825; Japp a. Jhirton, (•'. J. lH8d, Hid; l.ss7, 
98). — 9. IJenzoin n-aets with tho prinninf 
amines of th-? bi-n:> W)id series, when heated 
with them to 200', eliminating 1 mol. of water 
and generating feebly basic compounds which 
by boiling with acids arc decompo.sed into 
their gem'ruting substances. An/ibrnr un 

C,H4.C1I(()11).0(N.C,.]1,).C,H- [im®], from uni- 
line and benzoin, forms yellowiidi iiee.lbs, 
V. sol. most organic menslnia. ViebU 
witli nitrous aei'l ni/rnso - afu/be/i:i>7/t 

c,iiyCn(oii).C{S.cji,.so}A'„n, finrj, with 
acetic anhydride a moiuiceij/l-d/ / ira/ire [lod''], 
and with bromine a vtonobromo • dcrirative, 
[168®). Sodium amalgam reduces anilbcnzoin 
in alcoholic solution to hvdro6<?n^oV»i.-ani/iVfe 
0,H,.CH(0H).CH{NH.0J1,)CJI, [U9®J. which 
forms with sulphuric acid a salt not decom}»osed 
by boiling with tho dilute add. - p-Tolilben^oiii 
C,H,.CH(OH).C(N.CJl,.CII,).C,ni (144®J ro- 
sembles in its properties and its behaviour 
towards rc.agciits tho anitino compound. lt« 
yields with nitric acid a mono-nitro* dcrivalivo 
[125®] and a di-nitro- derivative — 

0 • NaphtkilbcnzoXn [130'0 also resembles 
the aniline compound (Voigt, J, pr. 34, 
1).—10. Benzoin reacts, with hydroxylamine 
and with phenyl - h ydraeine. — Bm ?oin • o.ctm, 
C.H,.CH(()iI).C(.V.OHl.C,n. rf;p_i.V2®1. ^ An 
alooholio solution m benzoin is mixed with 
an aqueous solution of hydroxylainino and 
allowed to stand for a week. Microscopic 
prisms, soluble in benzene (WittenWg a. V. 
Meyer, B. 16, hfi\).--Bcitzoin‘phenylhydTazule, 
C^,.CH(0H).C(N3H.C,H,;.C,H, (1 a^®]. Benzoin 
and phenylhydrazino, t^ethcr with a little 
alcohol, are heated at 100®. Needles, sol. benz¬ 
ene (Pickcl, A. 232, 229),—11. By heating with 
a^chlxridcs tho hydroxyiic hydrogen of t^nzoln 
maylw replaced by acid radicles toform ethereal 
i^ta, BtmoXn acetate, Ci4H„(C2HaO)0, [75®], 


From tosoln and acetyl ehlorida. Monoolinle 
prismiror Ubiei, ▼. lol ether and alcohol 
(Zinin, A. 104,120; Jena a. Tdmprioht, A. 166, 
92)>—SmroVn benzoate, 0HH„(G41iO)O, fl26®], 
By warming benzoin with benzoyl chloride. 
Slender needles. Sol. hot alcohol. Yields a 
mono-nitro- compound fl37®) (Zinin).— 
succinate, (C„H„ 0 . 3 ).,0,11,0; [129®!. By heating 
In iizoin with suceinyl ehlt'iide l<i 190 ’. Tionllots 
from alcohol. Sol. nlsu in ethrr and CSj 
(liukatiiii, /f,ri,33l).—12. When lu-nzoin is licatod 
with hythi-teyanic aciit and'alcohol to 2(H)® the 
pr««Tss of its formation is reversed and it is 
broken up into benzoic aldehyde. A part of tho 
henzoio aldehyde nndergoi's a further change, 
yielding amongst other products eth) lie. benzoaia 
(Michael a. I’alim-r. Am. 7. 192). y.\. Bhenyl 

ej/.i/uite forms Pli.CII(0.r()Nl'hlI).CO.I’h (Ukn 
((•umjH’rt, J. pr. ;2' 32, 289). !•'. H. J. 

BENZOIN, GUM. A resin wliich Hows from 
the bark of Sfyrar beneoin, a tree growing in 
Sumatra. Borneo, Java, and Siam, (lum ben* 
zom contains, besides various resins, benzoic 
a^'icl and, frequently, cinnamic aei<]. Hiamese 
and Palemlmng benzoins are free from ciiiiminio 
acid. Potash fusion producea benzoic, p-oxy> 
l*enzoie, and pri)tocatechuio aci»l'<. and pyro* 
eaiechin. distillation with zine dust gives 
toluene and a little o-xylene, nnphthaleuo, and 
methyl-naphtlialefjo. 

/w'/Vn-ecea. —Unverdorhen, P. H, 397; Van 
der Vliet, i4. 34, 177 ; Kopp, C'. II. 19. 1269; 
Kolbe a. Hautemann. .4. 115,113; M9, 136; 
Devilic, A. Ch. \-i] 3. 192 ; AslmlT../. iHiil, 400 ; 
Wiesn«-r, J. 1872, 1069; 'rheegniteii, .f. 1874, 
922; ('iamieian, JL 11, 274 ; Saalb ld, A. Ch. 
[.3] 16. 289. 

BENZOIN DI-p-CABBOXTLIC ACID 

!■'( rmed by oxidation of di-p-aldcliYdii-bcnzoi’n 
with KMnO,. Short f«dted nceilles. Hublim* 
able. Infusible. Ag.;A". Di-methyl ether 
Me.A"; fl26 ] (Oppenheimer, B. 19, 1816). 

BENZOLEiC ACID DyUrobemoic 

acuL Formed, together with benzyl alcohol, by 
tlio action of sodium amalgam on an aqueous 
solution of benzoic acid kept acid by HCl (Her* 
manti, A. 132, 75; Otto, A. 134, 303). Oil, 
smelling of vah'ric acid, heavier than water, v. 
sol. alcohol and ether. ■ KtA': oil. 

BENZIDINE.* A mixture of paraffins (hex* 
nne, heptane, octane) boiling between 70® and 
190® obtained by distilling (xdrole.utn or parafBn 
oil. The mixture is also called petroleum 
spirit or ligjoin. , * • 

BENZOLON. Identical witli lophino (v. 
Bj'.xzil). 

BEKZODIMETHYLANILINE v. Diuktuyi.. 

ASlino-IlKNZOrilKNONK. * 

m-B£NZ0*DI * METHYL * DI * FDAFVEAira, 

C,dl„0; t.C. 

( 1 ) (r<i 

(2; («nr4> 

[e. 27®]. (270® at 720 mm.). Obtained by Cft* 
porating (^)*benzo*di - irn’lhyl -di - fur(urane*di* 

carboxylic ether CJfi,(<‘^y®>C.CO.,Et), witli 

alcoholic KOH anil lime, and dry dUtillation. 
Prieme. By wanuing with cone. H,BO, » ptu* 
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MSS; so, ISST), "W 

j)-Baaf«-U^*thrl.dl.tarftinuM 

[IOS”]. Obtained' by 

beating the potassium salt o{ tho di-carboxylic 
acid with lime. Largo pearly tables with bluish 
fluorcsccnco. V. sol. alcohol, ether, etc. (Nuth. 
S. 20, ]3;)7J. 

Benso-tri raethyl.tri-fiirfurane C„H,.,0, i.e. 

C.(<®o‘’>Cn)., [IISO-ISO”]. Nectllcs. 

Very soluble in ordinary solvonts. Formed by 
evaporating tho tri-carboxylic ether 

Q ^O.CO-^l^ I with alcoholic KOII and 
lime, and dry distillation (Lang, Ji. 19, 2030i) 
o-BENZO. D1. METHYL - DI - FURFUEAHE 
SI.CAEBOXYIIC ACID 

0*1^3 q^^C.CO.J£^j. Obtained by aaijo- 

nification of tho etlivl-ether which is formed by 
disflolving in cone. tho product of tho 

action of cliloraccttiacctio other (2 mole.) jipon 
di-sodiutn pyrocutechin (1 mol.). Amorphous 
solid.-llnA"2aq. 

Dimethyl ether Ft^A": [In;')'’]; short prisms 
(from alcohol), or long white noodles (from 
other) (Nutii. if. 20,1337). 

(«)*fn'BenEo*di-methyl-di*farfarana di>car< 
boxyllo acid C,,n,„0,t.c. 

[Far 

(2) (4orGj 

above 810°]. Formed hy sapontfleationof thedi* 
•thvl.cthor. This ether is obtained, together 
with a much larger quantity ot tho {^[-isonii riilo 
by the action of chloro-aootacetio othv unun di» 
sodium resorcin CJt.fONa), in Jlfcscnco of! 


e. tl41«3 1 gtttU white 

fleedlei ; moia idlable than the (A-ieometMa. 
Formed, togeaer with a tmaU quantity ol the 
(p)-ether, by the action of obloro-aoetaeetio ether 
upon dry di-Bodium resorcin, extraction with 
benzene, dissolving the residue in cone. H,80 
pouring into water, and extracting with ether 
Also by heating oxy-methyl-ooumarilio ethor 
( 1 ) 

C.H,(OH)<^ Q ^C.CO.Etwilhchloro-acetacetio 

ts) 

ether and alooliolio NaOEt, and dissolvine the 
inoduct in H.,SO, By evaporation with alco- 
liohe KOH and lime and dry distillation it 
yields (d). benzo -di - methyl - di. furfurane 

(Hantzsch, B. 19,2930). 
p-Benzo-di-methyl-di-furfuranedi-earboxylio 
acid 

saponmeatiou of its, ctliyl-elher which is 
formed by dissolving in cone. II,.,SO, tho 
Iiroduct of tlio action of cbloro acctacetio ether 
(- mols.) upon di-sodium hydroquinono (1 mol.). 
Amorplious solid (containing aq). 

Hal t.s._;Ag.A": white pp.—BaA" 2aq: si. 
Bol. yellowish-wliilc powder. 

Ethyl ether ELA": [150°]; glistening 
20 rj31) {Mih, B. 

Benaio-tri-methyUtri-furfuraiie-tri-carboxyUo 

acid C,hH,A ^ ^ //CHe.N 


c.(<^™yc.co,uy 

Formed by aaponifioationof its ethyl ether which 
IS obtained by licnting dry powdered tri-eodium- 
phlorogucol (1 mol.) with chloro-acetacetio 
I oilier (.J mols.), dissolving tho product in ILSOg 

_. ... . , . I and pouring mto water. Oolatiiiouspp. (eoutain* 

alcoiioi, oxiraeling wuii* kwoW! dis'r^^^^^^ i Bs “'i is “''l''’® j''and ether, 

undissolved portion in cone. H,SO„ pouring lu a“ ^ ii«o nblo and gelatinous, 

into water, and extracting with ether: when .1,: 


- ... WSIV. pouring 

into water, and extracting with ether; when tlie 
ethereal solution is mixed with hot alcohol and 
allowed to cool Uio (o)-ethiir crystallises out, 
whilst the (B)-cther remaiiiB in solution. The 
two others are also formeil (the a in very small 

quantity) by heating oxy mothybcouiunrilic ether 

(4^ p\f. 

C^,(Oli)<^f|‘'^C .COd'.t wiili oliioro-aceto- 

. <•> * • 

•oetioether aud aleoliolio NiiOEt. and dissolving 
the prmiuct in li.SO.. Tlio acid is a while 
miorocrystalliiie sn|jd. Scarcely soluble in 
water, more readily hi aligiliol. ‘The salts ol 
the heavy metals are all sparingly soluble 


w»,nn Ii Hfi n 1 ''!’“'•‘nRly soluble, ; (Aiisclnitz a. Schultz. A. 196, 48). BaO 

blue colouration. <''bhjer. .d. 192, 362),J>.,0, (Hofmann a. Buck. 
Vt-ethul ether Al'V.t.r iikaoi. w-._.n ton. >4. inn ift-ix T>r«i /tt.* A_. . __ 


.1 ^l‘‘i"'i"'i needles; 

ai. sol. alcohol (Uant/sch, li. Jo, 29;{0). 

:«***r“' C,.H„0. .-.e. 

V "> <■" 

|H0/!.0<^^»>C.n.<CM»^C.C0.H. [Fat 

(6or4> 

•S?*T? horned by eaponi6cation of its 


E’</,,v;e</,erEt,A"': [C.29S»]; small white 
ghs emiig needles; si. sol. all solvents, most 
readily m chloroform (Lang, B. 19, 29351. 

’■ ^‘niiTiioguixoNK. 

BEKZONAPHTHYL-THIAMIDE u. Thioben. 
roy(-(o).N*rnTnvi,AJiiNE. 

Formitmi.—\. By tho dry distillation ol 
ammonium benzoate (Fehling, A. 49, 91).—2. 
Irom benzamide by heating it alone or with 

mr.i a. Schultz, A. 196, 48), BaO 

(Wdhler. A. Iflo anoi n m^r _« 


•-"^^■100. I'Cl. (ftmuJlio. d. 106, won; 
P.S» (Henry J. 2, 307).-3. By heating hip. 

(himpricht a. Uslat, A. 88, 

LW), or With ZnClj (Gdssmann, A. 100, 74)._4. 

By the Mtion of BzCl or Bz.,0 on benzarmde.- 
b. By the action of BzCl on oxamide, on potas- 
amm sulphooyanide (Liniprieht, A. 09,117), or 

on ^taasiansoyanato (Schiff, d. 101,93)_®. By 

heating Bz,0 with potassium cyanateoranlpho.^ 
cyaoide.—7. By the ftction oi HsO onthiohanx^ 
^|:;»»rmgly soluble pps. with the salts of the ’ m benzoio acid with 

metals. The «,id and it. ether give , I V'“‘■‘1 ”• ”67), or o< 

-.vi.....V „ a ; i»toB8ium (Letts, B. 5, 678).—9. Proa soti^ 

i WUa benSrUltA am/I /SWrAwvewwsaaa I,.......!J.. 


r r,•»* Bupymncauon oi its 

““»«Ostallinesolid. Seatcelv 
[. Mnble m water, more easily in aleohol. Gives 
|.m*ringly soluble pps, with the salts of tli 

“ber give 

—Jp^WtteoolontaUon with warm H,SO,. 



W ^ fty jmnUff 

if uiUne and oxiUe toM (fibfiauim, C. JR. 64, 
RB6)**^t3>* F<Mn&ad dittiliing lomuuuiida ovar 
tiD^OBt j the jjrield is nearly 20 p.o. of Uie 
formanilide (Qasiorowski a. Merz, B. 17,73; B, 
18, 1001).—12. Formed together with sodiam 
foiroate, by the action of dilute NaOH upon 




.MS 


■mt 


- — - — iwvv*. ». UVJI V. 

1877, 131).—13. Formcil by running an aqueous 
(oiution of diazobenzenc cldoridc into a hot so- 
Jntion of Cu,(C.N')j (Sandmojor, B. 17, 2053).— 

14. By heating tri-phcnyl jiliosphato witlipotas- 
lium cyanide or ferrooyanide; the yield is 25 

6 0 . of the theoretical (.Scrugham, .1. 92, 318; 

eim, B. 16, 1771),—15. By heating potassium 
benzene sniplionato with KCN (Merz, 1808, 

83).—16. From K,FeCy^ and chloro* or brumu- 
benzene nt 100'’ (Merz a. Weith, B. 8, 918; 10, 

7491.-17. From iodo-benzene and AgCy (Merz : (ij h 
a. Sohelnberger, B.8,1630).—18. Together with j 281).—2^ With 


P- “■ *88J).-« ilft mOMoi 

melhjiaac dumine 9. With (Kpbmvf- 

otainc hyiraMorid* at laO" it forms df.ph.nyl. 
tenzamidine; hut at 210'' it forma a Base 
C,.H„N, (183°], thus: C.n,C(NH)N(O.HJ.- 
NH, + 0„U„N, Pro/wrftM. —Thick prisms (from 

h4tAvnnja\ An.sdni.a:.... _ » _Z lar 


1877.1311.-13. l.onne.1 h, nn.n.n,. tablets (occasionally from benzene)‘ long 

thin prisms (from alcohol). The tablets are 


. - (fi , 

monoclinio, e:b;o--6875:l;-.5011, rj~51°23' 
(Bodewig). Soluble in btmzene and ether, 
slightly ill alcohol. Its alooliolio solutioa ii 
neutral. Acetyl chloride does not net on it. 
Salts: B'HCl. Narrow red prisms. (Above 
220°.]-(BTlCl),riCl.. ^ 

Combiiutlions. ~1. With metallio chlo¬ 
rides. — (C,H.N),AnCl.. — (C.ll,N),l’t01..— 
(C,H.N),SnCI..-(C,Il,N),TiCl, (llenlie, d. 100, 
halogens. C.Ui.Cltr.NBr, 




lerephthalonitrile, by passinr'a* miitnre’-'of I c7i^S) Br •^ieX:Tl".gler'‘‘"‘nr’?^^^^ 
through a red-hot tube (Nietzki. B. 10.1711.- ! Lb<., 4,' 7^ ’ A WiMH/y’d/oge"’ 

inido. C,II,N2lIBr. [70'J (Knglor, A. 1-111, 
307). — fi. With alcohols.-Bowittwudo- 
ef/ii/l ether, CJI,.C(01':t):NH. Tlio hydro- 
chltfriflc, B'jlCl, ia funnod by passing dry HGl 
gUH into a niixturo of ethyl alcohol and benzo. 
nitrile, diluted with ethor. Largo glistening 
prisms; decomposes on lioaling to about 120® 
into ethyl chloride and bcnzainide (Tinner, B. 
Ifi, 10o4). iicnsimtdo • ieobutyl ether 
C,iIIy.C(O0JI,):NII. The hydrochlurido B'2HCJ 
is formed by passing 1101 into a cooled mixture 
of benzonitriJo and isobulyl alcohol (Pinner a. 
Klein, B. 10, 1800); it gradually loses HOI be¬ 
coming B'HCl. Il35®j.-13',1LPICI«. - Bll^bO,, 
—0. With acids. — Bemnniilo ^ acetate 
CglI,.C(OAc):Nn. [110'^). From iK-n/iiinido* 
isobutyl ether and Ac^O (Pinmu- a. Klein, B. 11, 

9). 7. With meroBptanK, — 
ethyl thio-cther OJl,.C(SKt):NlI. From 
benzonitrile, mcrca))lan. and HOI, or from thio- 
benzamide and EtI (Burntlisen, A. 197, 849). 
Oil; doconipoflCR readily into mercaptan and 
benzonitrilc.'-B'IICl. [18H'’J. — Byi„Pt01,.— 
B'Hl. (142°J. BenximidO'i/ioatnyl thio* 
ether C..Ii,.C(SC,H„):NlJ. Tholiydroohloridc, 
BTICI, is formed by pasRing llUl into a mixture 
of benzoniVilo and isoamyl mercaptan (Pinner 
«a. Klein, B. 11, 1826). Tho free base is an 
oil. Bemimulo • benzyl - thio - ether 
C,n,.C(SC,H,):iNH. Prepared like tho ethyl 
ether.-B'HCl [ISl**]. 

Derivatives of Benzoniirile arc described as 
BliOMO., NiTRO- Ac. BKNZONrTIiri.R. 

BEHZO-FUEBTOL v. Oxy-bkhzopbbmonb. 
BENZOPHENOHE CJIJ) »>. C,H,.CO.O.H,. 
Di-phenyUketone. Mol. w. 182. (49^^J. (805^ i.V.), 
Formati^%.—By the dry digiillation of eat* 
oinm benzoate(Pcligot, j 4. 12,41; Chancel,^. 7i 
279).—2. From BzCl and lIgPb, (Otto, B. 8, 
197).-3. From BzCl and benzene in pceaence 
of AljCl..—4. From benzoic acid, benzene, and 

P A at 10 AO « vr^... t> a aah 


through a red-hot tube (Nietzki, Ii. 10, 471), 
20. By tlio action of CyCl on benzene in pre¬ 
sence of aluminium ohiorido (Friedel a. Cruf(«, 
Bl. [2] 2!h 2). 21. From bromo-benzeno, Cy/’la, 
and Na(Klason, J.pr. [2] O.'i, 83).- 22. By boiling 
phenyl tliiocarbimide with finely divided Cu.— 
23. I'rom phenyl carbamine by intramolecular 
change at 240® (Weith, B. 0, 213).—21. By the 
action of acetic anhydride on benzaldoxiiii 
(Laeh, B. 17, 1671). 

Propertieji. —Colourless oil, smelling of al¬ 
monds; sitiks in cold, but swims in hot water; 
miscible with alcohol and ether. 

lieactions.—l. Cold potash has no 

action, but on boiling it forms NH, and KOBz ; 
dilute acids act similarly.—2. Heating witli 
twtassium gives KCy, cyaphenino, (C,IIi),Cy„ 
and other botUea (Bitigley, Chem. Oaz. 1861, 
829; Hofmann, B. 1, 198). Wlien the boiling 
alcoholic solution is treated with sorfiMwi, tho 
greater part is saponified whilst a smaller 
portion undergoes reduction to bonzylamino 
and to benzene (Bamberger a, Lodter, B. 20, 
1709).—3. HjS or auimonium sulphide forms 
thiooonzamide.—4. Zn and HC! in alcoholic 
aolotion form mono-, di-, and trt-bcnzvlainine 
(Mendius, >1.121, 129; Spica, O. 10, 6*16). 5. 
Ftpning H.^SO, forms, on heating, benzene sul- 
phonio acid; at 20® it forms cyapbr nine. Ben- 
tonitrile HOg.) cooled with ice and treated with 
fuming HjSO, (7 g.) added slowly, fonns di- 
benzamide NHB/^ 1148®], and *bciizimido-b(‘nz- 
amide' NHBz.ClXH/.CJf, [IOC®], called by 
Pinner a. Klein * benzimido-benzoate ’ nn<l 
‘dlbenzimido-oxide,’ resixTctively. Dilute IICI 
eoQTerts the former into the lattcf (F. OumiMirt, 
^ [2] 30, 87; Pinno., ihuL, lfc).-6. B<»ll!fd 
wiwi tine ethyl it gives ethane (1 vpl.) and 
M (define (1 vol.) and fonns a product, whence, 
hy treatment first with alcohol, and then with 
aqueous HCl, cyaphenine ($>.«.) and the hydro¬ 
chloride of a base which crystaUiscs in six- 
aiica plates. C„H„N,Cl, is formed. This body 


« lurineu. iijui poay ; oi AijVii..—a. 1 ‘rom benzoic acid, benzene, and 
IS readily soluble in alcohol, but sparingly ■ P,0. at 190® (KolUrits a. Merz, B. 6,446, 638), 
m m water. Potash liberates the base as a ! 6. From benzene, COCL and ALCL {Priedeh 
gJOMlest oil (Frankland a. Evans, C. J. 37. | Crafte, a. Ador, C. B. 85,673).-67By oxidatiWi 
exhausliTe chlorination with SbCl. I d di-phenyhmethane (Zincke, A. 159,877). 
.»«*«» ftnU-clllowxyMio-luBzOM C,C1,(CN) j Preiaraiion.-fxo^ B*C1,0.H..»odiU/a,^ 
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BENZOPHfiKOKH 


the yield Is 70 p.e. of the calculated (Elbe, /, pr. 
[ 2 }» 6 , 465 ). . , . , 

Proj)er<i«.—Prisms; insol. water, ▼. 80 l. 
alcohol and ether. , 

lieactions.—l. Itcduced by HI to di-pnenyl* 
methane (Oraebe, B. 7,1624).-'2. Keduced by 
tine-dust to di-phenyl-methane, tetra-phcnyl- 
etliylciie, and tctra-plionyl-ethano (Stacdel, A. 
H)l, :i07).—3. Votash-fusum gives benzoic acid 
and benzene. '4. llciluced todi-phcnyl-carbinol 
by sodium-amalfin^n or by heating with alcoJiolic ■, 
jiotash. — b. Anivif/nia has no action.--0. Zn i 
and alcoholic IJ.SO, reduce it to bcnzpiiiacoiio : 
and (a)- and *(/3)- benzpinacolin {Zincke a. 
Tlnirner, 7J. 11, 13%). -7. AcCl in presence of 
zinc-dust acts on an ethereal solution forming 
crystalline fa)- and {$)• benzpinacolin.—8. PCli 
forms di-chloro-di-pheuyl*mcthftiie.—9. Passage 
tiirough a red-hut tube slightly (hicomposcs it; ; 
the product eontains bcnzouc, di-phenyl, and ; 
2 ;-di-phenyl-henzene, while gaseous carbonic , 
oxltle, hydrogen, and acetylene escape (Barbicr i 
a. Uoux, C. Jt. 102, 1559).—10. When heated ! 
with ammonium formate ut 200^-220'^ it yields , 
the formyl derivative of di-]i!ienyl-carl>inyl- I 
amine (C.,ll,)-.CIl.NlI.C110(Lf:ueharta.l3acli,/i. 
19, 2129).—U. nt 100'’ forms 
(153'’]. crystallising in lustrous Hat monoclinic 
ne<dlrs. At 2(H)‘’ it turns deep blue (Japp a. 
llasoljcn, C. JAi), 481).-12. P.,S, at UO” forms 
1227‘’], crystallising in mintite plates, 
insol. alcohol, si. sul. hot benzene. On melting 
it turns deep blue. It is oxidised by CrO, in 
llOAc to ben/.ophenoiie (J. a. It.). { 

(C,;lIdiC:N01I. Di-phenijl-hdorim. 
[UO ’]. Prepared by boiling an alcoliolic suhi- 
iion of bonzophunono (30g.) with Itydroxylamlno 
liydrochloridu (2Hg.) and a little ilCl for a day 
(Deckniann, B. 19, 988; Janny, Ih 16, 2782). 
Silky needles, V. sol. ether and aenonc, in. sol. 
benzene and ligroin, v. si. sol. cold water. Sol. 
acids and alkalis. Itcsolved by acids into iis eon- 
Btituents. Uy PCI, or I’OCl, it is converted into 
«-ohloro-bonzylidcne-unilim‘, C,,U,.N:CCI.O,;II,., 
produced hy intiamolccular change from 
(CJI,).^C;N()1 (U.). Py warming with cone. 
11.^80, to 100"’it is converted by similar isomeric 
change into benzanilide tPeckniunn, B. 29,1507). 
Salt8.-' C,;,lI,„N(ONa): crystalline powder.— 
0||H,„N(01I).}iCl: white powder. 

Methyi-oxim C„U*.NtUM«); (92'’J; 

yellow crystals. • 

Bthyl‘Oxim C„U,„N(0b:t): {276'’-279’); 
fliiiii. , . 

Ihiniil-oxim C,jJ[„N(OC,U,): [50°); 
while crystals. 

Acetyl ox'nn C,;,n,,N(OAo): [65®]; white 
cry.slrtls (Spiegler, BfAl, 810; il/. 6, 203). 

I'henjit /ipdraiidfl PhBC;N^HPh. [137'’], 
Got hy boiling Itenzophenono with phenyl nydra- 
aino and alcohol; or hy heating the oxiin with 
nhenyl-hydrazino, N.^ and Nil, being evolved. 
Kccdic.s (from alcohol). Insoluble in water, not 
very soluble in alcohol. Heated for some time 
with dilute (20 p.c.) UCl, it is resolved into 
honzophenorie and phenyl hydrazine (Pickcl, A. 
232.228; Pischer. U. 17.570; Just, B. 19.1200). 

Isoiueride of Senzophenone. [20®J. (305®). 
Sometimes formed in oxidising di-phenyl-nie- 
(hAflo or in distilling calcium acetate with 


oalolqm benzoate {Zittokei i. 159,967). BeadHy 
changes into ordinary benzophenone. 

Derivatives of benzophenone are described as 
Amido-, Bbouo«, Crlobo-, Ctamo<, Nztbo-, Ozt-, 
do., Benzophenone, and as JDt-PBENTLENS-KBTOKB 
oxide. 

BEKZOPHENONE-GABBOXYLIG ACID o. 
Benzoyl-benzoic acid. 

B£NZ0PH£(l0K£-DI-p-CAEB0XTLIC ACID 

[4:1] CbH,(CO,H).CO.C,H,(CObH) [1:4]. Fonned 
by boiling di-^j-cyano-benzophenone witli alco¬ 
holic KOk (BrOmme, B. 20, 522). Also by the 
oxidation of di-lolyl-mcthane, or di-mcthyl- 
bonzophenono, with cliromic mixture (Weiler, 
B. 7, 118.;; Ador a. Crafts, B. 10, 2173). Mi- 
croscopic needles. Sublimes at a high temper¬ 
ature without melting. SI. sol. alcohol, benzene, 
and ether. S. (hot water) = 002. The NH, 
salt gives pps. with salt.s of Fe, (!o, Cu, Ba, and 
Ca, but not with salts of Pb, Cr, Zn, Mg, and Ni. 

Silver salt A"Ag.., Ag.O: insol. water. 

Di-victhyl eth,\’ A^Me.: [138®]; large 
needles (B.). Ag.A' (A. a. C.). 

I Benzophenone dicarboxylio acid 
: CJi,.CO.G,ll.,(CO,lI),. 

Bciuoyl-isiyjlilluiiic acid : p2B0®]. From 
benzyUisoxyleno and chromic mixture (Zincke, 
B. 9, 1702). Si. sol. hot water and CHCl,, v. 
Bol. alcoliol. Convortod bv Zn and IICI into 
the lactone of C.,H,,.C(0'a)H.O,n,(CO;[l),.— 
Salts: (bi.\''aq.—BaA"ac|.—Ag-^A". 

Methyl ether Me.A''. [118-’). 
j Kthyl ethcrYit.A", [9.5®]. 

1 Benzophenone dicarboxylio acid 
CJI..CO.CJl,(CO,ll),. [1:2:.5]. 

Bemoyl-tercphlhulic add. [290®] (W.)j 
■ [28.5'^j (B.). 

Fonnation.—\. By «>xidi.-iing henzyl-cymene 
with cliromic mixture (Weber, .7. 1878, 402).— 

• 2. From henzoyl-p-xylcm* and IIN'O, (S. G. 1*16) 
at 170® (I',lbs, J. pr. [2] 3.5, 479).—3. From 
phenyl /»-cymyl ketone and dilute 11X0,. 

I'lopertics. —V. si. sol. water, v. sol. alcoboL 
iteduced hy Zn and HCl to 

C,U*.CII(OH).C..lI,(CO.,H),.-CaA" aq.— 
BaA" i5a<i.—A.gA". 

Methyl ether [iOl®]: needles. 

Kthyl ether EtjA". [101®]: prisms. 

Benzophenone teira-carbozylic acid 
CJIyCO.C.,Il(CO;.n)From bonzoyl-iso-durena 
and KMnO, (Fssner a. Gossin, Bl. [2] 42,170). 

BENZOFHEKONF CHLOEIBE is exo-lH- 

OnLOBO-DI-PIfi;.SYL-METIIANE (<J. 0.). 

BENZOPHENONE OXIDE v. Di-ruENYLENB- 

; KETONE OXIDE. 

BENZOPHENONE 8U1.PH0NE C„H,SO,U 
I [187°]. From benzophenone 

! and fupiing (Beckmann, B. 6, 1112; 8, 

992). V. sol. other, sol. alkalis; converted by 
water at 190® into an isomerido (?) [176°]. 

! BENZOPHENONE Dl-SDEPHONIC AGIO 
; C„U,(SO^),0. From benzophenone and fnm- 
{ ing H.,SO, by warming (Staedel, A. 194, 814). 
i Converted by potash fusion into phenol and^ 
! oxy-benzoic acid.—BoA". 
i Chloride CO(0,H,SO,Cl)r [122®] (Beck* 
j inann, B. 8, 992). 

BENZOPHENTL- v, BJENioYi»-rBiiix^. 



■■■,‘ ;ilXIAlHI|IMftiKliltf> ■ ii Oimsarr- boon (b« proanoi ii poartl oMapowasnaba, 

MWi iiii igtwiroino Aon> v.}. asd tha aaw bod/ aztrMied in^ ethar.^d. Br 

B IlB OPnfAOOliy it Sknz?inioolik (j. «.). heaticg diaso-aoetia ather banii^o a!4a 
BmoPDIAOOltB ia BBNzriKicoNK hyde (Bucbnar a. Caiiius, B. 18, dSTlI.-^S. B/ 

XSHZOQtrlNOL is HrDHnQnrNONc: (^.v.). heading KtONa (140 g.) with bensoio ether 

BXHZO^tJIBONE is Qcinonk {q.v.), (800 g.) at KX)'’, mixing the proiluot witl» acetie 

BSHZOBESOBCIN t». BioxvnK.s/.ornFNONi!. ether (800g.) and heating for 10 lioura at 100” 

BLBENZ0-EE80KC1K v. DioxtPiiKNTLHXB. (ClaiFon a. Lownian, Jl 20, OnU. 1. By the 

K-phbwtl.di.eetoxb. action of eold cono. lljirO, U|><.n («).bromo. 

BBNZOSTIZiBINE is lophinc (r. p. 474). cinnamic ether (Michael a. Brnwtu>,/Ml), 1802). 

BERZO-SXrCCINIC ACID t>. IhcNZOYL-siTccisic Colourless oii. Partly doeom* 

ACID. posed when distilled. SI. 80 ^ water, sol. alcohol 

BENZOTHIAMIDE v. Tiiio-nKN/AHinis. and ether. 

BEKZO'TOItUlBlNE r. Puknvi. amipo-ioial lietictions. -1. The alcoholic solution gives 
JUITOHK. witli l''e-,.Cl.i a violet colour.- 2. Boiled with icuU'r, 

BENZTEOPEKNE r. Bknzovl- riioi’KiXK. or dilute H_.SO„ it gives acetophenone, alcohol, 
BENZOXAKIDINE v. Bi-:s/amm»oxim. and CO.^. —8. BoUbig for 8 mimites jiroduces 

BENZ'OXIMIDO'AMIBK c. Bunzamipoxim. d<-liy<lro4)ei)zoyl-ticetio acid (< 2 .t'.). Boiling for 
BENZ'OXIMIBO'ETHYL'ETHLR 80 minutes forms two isomeridcs (Ogn,.();)„. 

CtH||BO, i.c. CJl,.C(OKt):NO]l. Formed by One of these (n»^8V) erystallises in plates, 
the action of hydroxylainine hydrocliloridu on ’ [27o‘^j, m. Si>l. hot alcohol, v. b 1. sol. bon/one; 
benz*imido-etlier {v. Bi nzonuhilp), (Pinner, B. \ sol. alcolmlie KnOlI Iml j)pd. by CO.;, The 
17, 181|. Colourless Huid. Decomposes on eccond (n 1 ?) is an iiei<l. iK)t beiiig ppd. by 
distillation. CO,, from ils solution in ab'oliolio N'aOil; oono. 

BENZOXY- t». Bc«.''vf-Oxv-. II.SO, forma a vellosv solution, turning violet 

BENZOXY-PROPIO-CAKBOXYLIC ACID v when warm. d (IN rkiii, jnn., C.J. 47. 2t;2).—4. 
CAanoxY.iiKNzi>Yr. vn''rpr.sjc acip. • NaNO, and H,,.SO, luMeil to tl>o sodium derivt 

BENZOYL. 'Iho radicle C..11 ,.{■('*• Bi-nzoyl I tive pr.i.lne*' an oxim of benzoyl-glyoxylio ethur, 
derivatives obtained by displa<‘«’ii;ent of II in : l*li.(X>.(’(NOlI).CO;Kt [12D], whonoo alkalis 
amidogen, imitiogen, or liydroxyl, me dcsci ibcil ' jjrodiice a subt'lanco 

under the compounds from which they aro thus ^ Metallic ilerivutivos. B/.CIlNaCO^t, 
derived. (Sot by ud<Iin|' NuOFl to alcolioUo solution of 

Di-benxoyl is e.alb-d Brx/n, b/. r.). tlic etlier. Silky needles, turns brown in air; 

BENZOYL-ACET-CARBOXYLIC ACID v. insol. ether. — (C„]l„oj.Btt. — 0„Il„AgO,.— 

Aobtopiip.sonk p;-cai;ii<>xyi.ic Aein. (C’,,H,,Od-/(-bj : pale gnum; soliiblo in aqueous 

BENZOYL-ACETIC ACID (' 1U>, t.c. NaOll. On boiling CU;0 is ppd. 

C 4 Hj.CO.Cir.CO JI. Acetoi‘h, ...nn: w-carbi'xi/Hc iVifri/c r. BKNZoYL-AcicroNiTurLR. 
acid. [inf''j. Bcnzylidene-benzoyl-acetic ether 

Formiiti 'ii. ■ 1. I'Vom tlio ether l»y leaving CJlyCll:CB;:.CO.;Kt. From benzoyl* 

it 24 hours with coltl dilute KOll (8 pereeiit.j, ; a<?ctic etljcr and benztiio aldehyde, either by 
cooling to 0® ami then adding dilute J1,S(),. passing HCl at 0® into the mixtnro, or by licat- 
Thfi acid is then ppd. as white tlaki-s {Baeyer a. ing in a sealed lube (Perkin, jun., C.J. 47,240). 
Perkin, B. 18, 2708; 16, 2128; ^V. H. Ib rkin, Moimclinio jirisms : «:/>:« = 1’2780;I:*7460; 
jun., C.J. 45. 17')). ■ 2. From plienyl propiolic /3 sg* 86'. Sol. hot methyl alcohol. Cono. 
acid and cone. 1I.;S0„ the solution l» iug poure<l ; H.SO, forms a yellow solution, which bocomM 
upon ice.—8. From the ether by allowing it to j colourless on heating, 
stond for 14 days with 20 vols. of cone. il .KO, ! Bcnzylideae-di-benzoyI-di*acetio acid 
and then pouring upon ico (Perkin, 6’.«7.47.210). : (COiI.CIIBz);CIIPh. (180°J. Tho etliera of 
Vroju'il'hs.- Miunfo needles, which jioimise tlus acid arc formed by dropping diazo-unetio 
light (from l*enzcne at 70° containing a liltl- ethers (2 mobs.) into benzoic aldehyde (8 rnols.) 
light petroleum). At 104° it melts, and giv. .-i at 170-’(lJuchner a. Curtins, B. 18,2.874). They 
oft C();. SI. sol. light petroleum, v. sol. aleo- dissolve ijsconc. lI^SO, forming rose colourw 
hoi, ether, hot lienzcne, and hot water. F'‘,(’1 b »BolntionK, wliii-h turn brown on warming. Tba 
eoloursits alcoholic oraqncoussolutionsrdldiiJi- acid .ami its etliers give off a smell of hyaoinths 
violet. , when burnt. 

Reactitm.'^l. JlcaUd aloue or with dilute J/cf Ayf cf her (11.3°J j^ini^ms. 

H,SO, it gives acetophenone and CO;,.—2. 'Ihe ■ Kthyl ether (I08°J : tables; NaOEi 
ammonium s.'ilt gives witJwAgXO, a pp.of Ag.\'; added to its t-lhercal solution givoa 
with FfjCl^ a bliiekish-violet pn.; with FeSO, * {(■<• I0t.CNaI5z),CnPij. 

nopp.; with CuSO,, a rrccniBh.Jeilow pp.^ Di*bcnzoyl-acetic acit Cl]BZ;.CO;n. [109”j. 

Methyl ether Me’ '. An oil prepar^ by I'ormed by the action of Bz(d on sodinsi 
the action of cone. H.;SO, on methyl* plu-nyU benzoyl-acetic ether, and saponiticutioa of (be 
propiolate (W. H. Perkin, jun., a. Caiman, C. J. protluct with KOll (Baoyer a. Perkin, jun., B, 
40,154). Fe^Clf gives a violet colour in it!r4>. 16,2183; C.J. 47, 240). Slender felted necdlei, 
bolio solution. Sodium ethylate gives a white , si. sol. cold alcohol and water, v. sol.ether; sol. 
amorphous salt, C.H...CO.CHNa.CU^e. This aqueous alkalis. Fe^Ch gives a red eoloura* 
salt is V. sol. water and hot alcohol. tion. Cone. gives no colour on warming. 

Ethyl ether. A'Et. (265°-270°) at 760 Jlcaclions. 1, ISuilinQ water splits it up 
mm.; (230”-235°}at200mm. [into di - phenyl • methylene di . ketone, 

Formation. —1. From phenyl-propioUc etlicr (C,TJj.CO),CH., and CO;.— 2. Boiling dilute 
^OOg.) and H^04(3000g.) atO”. After three HjSOjgiveeucttophenone.bcnzoioaeld.aodOOy. 
▼oi»L n 





04U.— 

Ethyl^$rlRihf, Ods not solid »t-* 10^. 
Xati^Uboasoyl-MOtlo is (a).BinfSOTL- 
pionoNio Aozo (g. o.). 

Xthjl-beDSoyNsestie acid BzGHEt.CO^H. 
[XU‘^-116®]. From NaOEl and EtI on alcoholie 
BzCn^COJOt, and Baponifying the oily product 
by allowing it to Btand fur some days with alco* 
holic KOH (Bwjyfjr a. Perkin, jun., /i. 10, 2130; 
C. J. 4fi, IHO; 47, 240). Small needles, melts 
about 115^ with Blight decomposition. Easily 
soluble in alcohol, ether, and bon/.eno. Boiled 
with dilute alcoholic KOII, it gives phenyl* 
propyl-ketone; benzoic and butyric acids are 
also formed, especially if tlie potaKh Iki stroug. 

Ethyl ether KtA'. (232'^) at 225 mm. 

PropyhboazoyBaeetio ether ilzClIPr.CO JU. 
(231) ) at 225 Him. Pn^iarcd liko the pn^ceding. 
Alkalis from phenyl*butyUkotono. PCl^ forms 
3'Ohloro.a-propyl-cinnamio ether. 

Uopropyl'benzoyl-acetio ether 
BzCHPr.CO.Et. (237°) at 225mni. From benz¬ 
oyl-acetic other, Na, and i'rl. 

Iso'butyhbenzoyl-acetio ether 
Bz.CIl(CII,.CilMe,).COJ':t. (247°) at 225 mm. 
Prepared like the preceding (Perkin a. Caiman, 
a J. 49, 1«5). 

Dl-ethyl-Donzoyl-acetic acid B/.CEt.C().l[. 
(l28°-t3n'J. From B/..CllEt.CO,Et by NatilU 
and Et(. The diothyl-lx^n/ayUaceiio other is 
unponilied by standing for weeks with dilutu 
alcoholic KOH (Banyer a. Perkin, jun., /i. 1(>, 
2131; C'. J. 45, 183). Heated alone or with 
dilute H^SO, it gives olT CO.^. Ihdling dllnlo 
alcoholic KOH forms benzoic acitl, dictliybu'clic 
acid, and di-othyl-ucotophonune (i>. uinyl-pheiiyl- 
ketone). 

Tri.benzoyl-acetio ether. CBz,.C()1^t. From 
ethyl (li-ben/.oyl-a<*etatc, NaOKt, and BzCl (Per¬ 
kin, jun., 0. J. 47, 240). Thick yelhyv oil; sol. 
alooholio KOH but reppd. by wat^l*! Boiling 
dilute H..S(), forms ac<‘tophenoiie. 

B£NZ0YL.AC£T1C-ALDEHYDE 
C,lIvCO.CIl,.CHO. Prepared by dissolving 
sodium (1 atom) in 20 or 30 times its weight of 
abKoIuto alcohol, cooling to U°, and adding aceto¬ 
phenone fl mol.) and fonmo ether (I mol.). On 
long Htanding (ho sodium compound se))ani(os as 
a granular pp.; tliis is dissolved in water and tho 
aldehyde ppd. by acetic acid. Colourless un- 
Btablo oil. ('tiprio acetate gives a pp. of bright 
green ncedlcH, which soon clfhnge tcadark gieen 
prisms. It roiud.s with aminos vorv readily. • 

dni/i./e C,H,.CO,OH,.CH:NcCh,: [141°]; 
yellow prisms or plates; sol. hot ale<duil. 

jt-Tolu idc t5,H*CO.CH,.Ca:NC,lI,: (IC0°- 
lC3°j; small yellow crysliits. 

(i0) - Na p h thy I a vi i d e 

C,Tl,.CO.Cll,..CH:NC,plI,: [182°]; small bronzy* 
crystals; »l. sol. almo^ all solvents (Claiscu a. 
Fischer. /). 20, 2191). 

BENZOYL - ACETIMIDO - ETHYLIC ETHEB 
0,H,.CO.Cll,.C(NH).OEt. [89°-5 corr.]. 

Denzoyl-acetonitrilo C„HvCO.CH,.CN treated 
with alcoliolio hvdroohloriu acid gives rise to 
0,H4.C0.CH.C(NHHCl)0Et and UiU loses HCl 
when treated with ammonia giving the imido- 
•ther (Hallor, Bl. [3] 48, 24 ; C. It. iOt, 14IH). 

Projvrfws.—Prisms or tables. V. sol. ether. 

Reactunia. - KNO. and H,SO,givo the nitroso- 
C^^CO.‘CU,.Ct‘N.NO).OEt [117 ], 


wblbh|$YMXiiab«mnii'fiMet{o^ Xhalipiio- 
oblonde ol tha basa diiaolTad in a^naoni aioohol 
deposits MH^Cl and benzoyl-aoetie ether is left 
in solution. 

Hydrocblorida [140^ 0 (»r.]i 

Entangled needles. Insol. aq and ether. Strongly 
irritates the mucous membranes. 

BEhZOTL-ACETO-ACETIC ETHEB v. p. 21. 

BENZOYL-ACETO.CABBOEYLIO ACID a. 

ACKTorHFNONB CAimuXTLIC ACID. 

BENZOYL-ACETONE C.oH.A i.e. 
CJI,.CO.CH,.CO.CH,. Bhi'nyl methyl tne- 
thylene didtetone. AcetyUacetophenow* Acetyl- 
benzoyl-ttu'ihane. [01°J. (201°). 

Foniidlion .—By the action of dry NaOEt 
upon a mixture of acetone and benzoic ether 
(Cluisen, B.21), 065). 

Vn'iHtrntion. - 1. Benzoyl-aceto-acotio ether, 
formed by tho action of benzoyl chloride upon 
sodio-accto-acctio ctlicr, is boiled with water for 
a few hours; the yield is 25 p.c.—2. Prepared 
by adding acetophenone (1 mol.) to a cooled 
mixture of acetic eth^r (about 2 mols.) and 
alcnhol-frro so<lium ethylate; yield: 80-90 p.c. 
of tho acclophenono iBoycr a. Claisen, B. 20, 
2078). 

Ooppiir comimmd (C,oH„0...).^Cu: formed as a 
palo green pp. by adding cupric acetate to the 
alcoliolio solution. It is m. sol. alcohol and 
beii/.oiio, from which it crystallises in bright 
green needles. 

Amide CJI,.CO.CII,.C(NH).CH,: [113°]; 
clear glistening trimetrio crystals, aih'.c 
-•9927:1:-8820. 

Anilide C..n,.CO.CH,.C(NPh).CH,: [110°]; 
jdates. By warming with ll^SO^ (lOpts.) it is 
converted into {Py. l:3)-[)henyl-rnethyl-quino- 
hiie (Beyer, B. 20, 1770). 

I Properties. — CrystalB; distils undecom- 
posed; volatile with steam. Sol. hot water, 
uleoltol, and other. Dissolves in alkalis with a 
yellow colour. SI. sol. strong acids. FejOlg 
I gives a dark-red colouration. 

Jtmefums. -By warming with alkalis or by 
. long boiling with aenls it yields acetophenone. 
It has slightly acid characters, tho H of the 
eonlral CH. group being replaceable as in 
iicrto-acetic ctlicr, sinco it lies between two 
CO groups. By heating with strong aqueous 
NHj at 120^ it is converted into the imide 
C«H,.C(NH).CH,.CO.CH, 
or CjrvCO.CH,.C(NH).CH5,. It condenses with 
(I nml.) of phrnyl-hydrazino with elimination 
of 2ILO, forming imthyl-di-phonyl-pyrazol 
(Fiseher a. Billow, B. 18, 2131). 

Salts. - C,oH„0;iNa : small yellowish plates. 
— C,„H..O..Ag: white pp.; v. si. sol. water 
(Fischer a. Ku/.ol, 7?.,16, 2239). 

Oxi IH C,„H„0,Ni.c.C,H,.C(NOH)CH,.CO.CH, 
or^H,.CO.Cb,.C(NOH).CH,. IC6°]. Formed by 
heaang benzoyl-acetone with hydroxylamine 
liydroolrioride in alcoholic solution (Ceresole, B. 
17, 812). AYliite glistening scales. Volatile 
with steam. V. sol. acetone, benzene, and OSg, 
inaol. water. 

Bi-benvyl-acetone (C,iH^.CO)j:CH.CO.OH,. 
[102°]. Formeil by the action of benaoyl 
chloride upon sodio-bcnzoyl acetone (Fischer a. 
Bulow, It. 18, 21.33). Email needles. SoL 
alcohol and ether, t. sL sol. water. Sodiam 
has no action upon it. 





BSnm-AGBTOVXlClKir 0|.HdHO U 
0«H|.0{NH).OH|.OO.CH. or 
Oja^CO.oC9^)-CH,. iUB^, ObUiaed by 
boodag b«nso^ oeeione with strong aqosoua 
NH| at 120^ (Fisober a. Biilow, B. 18, 2134). 
Distils undeoomposod. Small plates, or largo 
quadratic cr^tals. V. sol. dilute aoids, by 
beating with which it is converted back into 
bensoyl acetone and Nil;,. 

BEMZOYLACETONITBILE C,H,NO i.e. 
CA-CO.CH^CN. 

Cyano aceto^fmicne. [81® cor.]. Formed by 
the action of boiling water on benzovl-cyanaoctic 
other C,H,.CO.CIl{CN).CO,Kt (Haller, BL {2! 
48, 23). White needles, sol. boiling water, alco¬ 
hol, ether, and alkalis, lloiling cmie. KOil 
acts thus: C,II,.C0.C1J ,.CN i 2KH() + II ,0 
- NH, CJIj.CO.K + CH,.CO,K. In alcoholic 
solution gaseous IICl gives a bodv NCI 

(probably C,Ii,.CO.CIi.C(NlIllClK)Ki:UOn;,rO; 
whence ammonia in the cold gives llte iinido- 
etherC.,U..CO.CH....C(NlI).()Kt). If the action of 
the alcoholic IICI is pr longed, the j»roductsu.o 
the same as witli KOIl. 

Silver salt C,.U^.CO.CH.\g.C.N'. While))j». 
Insol. aq and alcohol; sol. ainiuonia. 

BENZOYLACETOPHENONE f. Di.iiii.nyl 

llRTIlYLir.NK m-KETO.VK. 

BENZOYL. ACETYL-ETHANE v. Ackto . 
rUENONK-ACISlONE, p. 3th 

BUbenzoyl-di-acetyl-ethano 

C,14C0.CII.C0.CH, 

Ca«H|,0, i.c. I . r>i i>hi-ii>th 

G..lf,CO.CH.CO.Cir, 

di-mi'thiil-acetyUnc U'tra-ki t'iiu' [ I75^j. Forim'<l 
by the Rciion of an ether<-al sohilion of icxlino 
upon 2 niols. of sodio-benzoyl-uct-loiic (I’i-^cher a. 
Billow, B. 18, 2133). White needles. Sol. hot 
alcohol, si. sol. ether, iii.sol. water and dilute 
alkalis. Decomposed hy boiling with alkalis. 

BENZOYL-ACKYLIC AC10 
CJIiCO.CIiiCU.COJl. White plates, 
from water ; after fusion its nieltiiig-poinl is 
altered to [97'^|. lamg needles, ['.itl'J from 
toluene. SI. sol. colil water and ligroin, v. sol. 
other solvents. Prepared by the action of 
Al.Clf on a mixture of hm/.eno and nmlcio an¬ 
hydride. By alkalis it is deconiposed into 
acetophenone ami glyoxylic acid. On lieatiiig 
by itself or with Ac .U, it gives a red condciiL-uli«>n 
product (Pechmann, B. 15, 8H5). 

Bromine aiUition pro'luct [135'^]. Colour¬ 
less crystals. 

BENZOYL.ALLOPKANIC ACID v. p. 127. 

BENZOYL-ALLYL ACETIC ACID v. Ali-yu 
UNZOYI.-ACETIC ACID. p. 135. 

BENZOYL-AMIDO- v. Asiido-. 

BENZOYL-AHIDO-ACETIC ACID v. Hip- 
FfKio Acid. - 

BENZOYL . AHMFLINE B.Ji.N.O, t.c. 
C,H,BzN,0. From sodium cyanamide and BzCl 
(Gerlich, J.iyr. [2] 13, 272). Brown rcSin, insol. 
water and ether, sol. alcohol and aqueous 
alkalis. Besolvcd by distilling in a current of 
hydrogen into benzonithle, carbonic oxide, and 
cyanamide. • 

BENZOYL-ANILIDE v. Aniline. 

BBNZOYL-ANILINE t>. Auido-oenzopue* 
NONE. 

BSNZOTL-ANISIDXNS v. Bemoyl^nuthyl- 
iiuim-rBEMoiti 


I .BINB0Tt.AZ0n9l«,v.47a. 

BBNIOTZhBBNZlNl «. BB]fK»siiro«l, 
Bi.bcnaoyl-bcssaM 9 . PBXiiAi(0PBaKoiai4' ' 
BENZOTL-BENZIDOrS v, Dt-Avioo • D|. 

PUkNTL. 

* BEKZ0TL.BENZ0XC-A0ETI0 ANHTDBZDN 

I C.n,.CO.C.n,.CO.O.CO.CH,. [112®]. Prepwr^ 

; In* heating o la-nzoyl-ben/oic aold with aootia 
j anhydride* to lOtl® (Freilier a. Pechmann, J9. 
i M, 1805). Largo crystab. Insol. alkalis. Ai 
I 20U it decomposes into acetic und boiizoyl* 
; benzoic anhvdridos. 

; 0 BENZOYL-BENZOIC ACID C.Jl.A La. 

' CJI^.CO.C^llj.COjH (1:21. B>'n:ojthi->ione car> 

: h^xylic acid. Mol. w. 22d. (87'J (Z.) ; [U1®J 
(llemilian, B. 11, 838), 

Fon}tation.~l. By oxidation of o-benzyl* 
tolueiio (Zinckc a. Plaskuda, B. <1, 907), phenyl* 
o-tolyl-ketiuie (Behr a. Van Dorp, B. 7, 17), 

! or di-lM'iizyl-honzono (Zincko, B. 9, 32) witil 
; chromic mixture. 

rrryanidon.—UiO grms. of Al^jCl, are slowly 
added during 3 hours to a s<>littion of JOO grms, 

I of pltthalic tinhydrido in lOIKt grms. of hfuizoiie 
^ (pure), the ))i M/*'ne is then poured off and can 
be used at OHCO for a fresh »*perutioii, whilst the 
K<did lesiduo is washed with dilute IK'I and 
. with water, dissolved in Na.GOj und ilio acid 
. preeipitated from the solution by IIGI, and 
I linully recrystaliised from xylene (3 pis.); the 
yield is 00 p.c. of the plUhalic anhydriilo used 
! (Kriedel u. Crufts, C. B. 80, LtfiS; 92. 833; 
i Freiherr a. Pechmann, B. 13, 1012). 
i fVoper/jV.?. -Triclinio needles (conlainiog 
' aq). When dry it melts at 128’. 

1 Bciiclions. -1. at 190-’ form:! unthra* 

! quinono.—2. i/ot fnmiiiii sulphurir- acid forms 
) unlhra<piinonG Bul]ilu>nic acid (Liebernmnn, B. 
7, 805). —3. .Sodium amahjam lirst reduces 
it to CJl,.CIl(OH).(\U..CO,U uml llion to 
11. - 4- 7?e,<iorc/«, joirotjallol 
i Ae., on liealing, form phtliub uis. 5. With 
i phenyl-liydruzine it gives a coudenbatiou-pro* 
j C --Ph 

j duct C,H,<;[^N..PIi 1183 "] (Itosir, IJ. 18, 805). 
I CO 

: This forms small needles, bI. no!, alcoliol, insol. 
' water. 

Suits. — CaAV — BaA'j. -- ZnA'..,2uq. — 
CuA’.aq. 

I eth^r [62’J: prisms, 

j Ethyl ether EtA'. [58®J. 

I Aythydridc. (B/.OJl4.CO),0. [120 j (Peoh* 

■ maim, B, 14, 18110). 

I w-Benzoyl-benzoic acid Dli.CO.OJIi.OOgH. 

I [1:3J. flOP’J. 

! Form<ttUin.— \. From phenyl-w-tolyl-me* 

; thane (10 g.), (<'<*«•). DaW, (90 g.) and 

’ water (270g.) by boil..% for 3 days (Itotering; 

^ Henff. A. 220, 2.J7). It is jun ifiid by reduction 
i*> Ph.Cn(()ID.C,fl,.GO.Na by st^diimi amalgam, 
ery.staliising flii- silt fioin water and oxidising 
againwitlilFSO^ftiid KGr;,Ov—2. Aquantitatlv* 
yield is obtained by treating phenyl-m-tolyl* 

I methane at 130' with bromine-vaiKiur sulBoient 
I to form Ph.CilrC^lIi-CllzBr and treating tho 
I product with chrunne mixture for 12 hours.-- 
3. From Bz,0 (1 mol.) and BzCl (2 mols.) la 
! presence of ZnCL (Doebner, A. 210, 277; B. 14^ 
j G1B).~4. Formed as a by-product in pr^ 

> itS 



MtUm oiUi>}^tb$^pUaoa0 ^ 

^LOl. on* mixtxix« ol i^zene K&d iBO-pathiujl 
tMae^XAoi, B.l^m). 

Propertiw.—Long silky needles (from water 
or glacial acetic acid), or small plates (fif>m 
alcohol). SJ. sol. cold water, v. sol. benzene 0/ 
tolueno, V. e. sol. alcohol or etlicr. May be sub- 
iimod as plates. Disw)lve3 in cone. H.SO, giv^pg 
no colour. Potash-fusion gives benzoic acid, 
Educed by sodiiini-anmlgain to cro-oxy-benzyl- 
beii/.oic acid (7 t\). 

Salts." PiiA',^ white crystalline pow- 
dcr, du'i: Hinull plut‘:H.—CaA'.^ 2aq : 

white cryslaUiiio powdiT.—Ag.V : white leaflets. 
Methyl ether Mt A'[<V2 ''. 
n Boazeyl'beazoic acid 0 It .(’<>.C,II,.COJl 
[1:4]. [101"]. VornU 'l hy oxidation of jdienyU 
f>-lolyl-mclhanc,phenyl-p-tolyl-ketone,;>|ihejiyl- 
Wtizo|>hi-norMM)r di-ben/yl benzone (Zincke, ^4. 
Ktl, IH; /f. 0, :12; (ioldschmiedt, Af. 2, 

43S). Miin'M-linio plates (from water). V. si. 
Bol. cold water; si. i.td. hot water {diffenmeo 
from the (». acid), v. s<d, ab-ohol and ether, si. 
sol. heii/.eiie. Suhliiiies in |dat(‘H. 

Salts. CaA'. ‘Jii'i: needIi';?.--I>uA';, 2aq. 
AgA': V. hI. s(d. wafer. 

Methyl elhar MeA'. ( 107 ®]. Satiny plates. 
AV/<v/ ether KlA'. [52*^]. Monoclinin. 

DI liENZOYL-BENZOIC ACID C;,ir,.0, u?. 

,.COJI. Two aeids of this e<uu. 
position urn formed, together with an acid 
by oxidising tho liyilroearlMm 
obtained as a by-promtet in liie preparation of 
hen/yl toluene (Weber n. Zineke, h. 7, H n5)- 
(a) Acid. (X'2‘). (ojsinons, and forms lesi- 
nous Mills. Potash fusion foims beii/oie acid 
and u smut) ipiuntity of an acid 

(h)*.\oiil. (‘iPJ*^]. NccilU-s, insol. watiT, v. 
•ol. aleohol and other. Its salti) arc hI. boI. 
Wtthr. I\thvl ether Kt.V, ' 107'^}. m 

DI-BENZOYL. BENZYLI HEN E - Dr ACFTIC 
AOID V. liemifliilene-ili Ih-N/ovi lu m tmc Acin. 
BEKZOYL-BENZOTRlCHtORIDE r. Pm nil 

TM*OI!l.oi:i..rol,Yt. KKTONB. 

BENZOYL-BENZYL-ANILIKE v . Pknzyi.- 

AKIUN*. 

BENZOYL-BENZYL CHLORIDE v. Phi nw. 

CBLOKO-TOLYL ICS I'oNg. 

BENZOYl . BENZYLIDENE CHLORIDE r. 
PUKNTI. in t'Iiror. » Ti'ML IIKTI)N»*. 

BENZOYT.-BKOM ANILINE r.Hu-.Mo.Asn.iNr. 
BENZOYL BROMIDE CJl fO.Ur. (gP.ri.V.i. 
fa little below O^J, S.G. i* i ri7. Culourloss 
Huid, which fmne.s in the air. 

fV«*Aimh.ui.-Benzoic ncitl (AOO pts.) is 
warmed willi phBsplfbi'us (ribromido 1740 nte.t 
and (ho product is sepnratUd from the phns. 
phorous acid by ditiiillntion in racMi*; the 
yield is 400 pta. (Olaisen,/>’. 11.2473). The so 
dialled ben/oyl bumude of Liebig and Wohler 
f.4. ‘.Mili) and of PaternA was probably bcnzxl- 
ideno bromide-benzoate, CJI^CIIBr(OB.:h a 
eoQijmund of benzoic aldehyde with benzoyl 
bromide. 

BENZOYL . BROMO • KITRAKILIDE r. 

RnOUO-MlIio.ANll INK. 

BENZOYL. BROMO - PHENOL v. Broak - 

tUBXOL. 

DI-BENZOYL-ISOBUTTBIC ACID 

^C^Hi.CO.CHd-CH.COlI. J>i-phf'rMeul-aeetic 
i^. [133^’]. F ormed by ol CG„ by heat- 


no1,etbier, aoeoo aoM, and liot benzene^ inao)/ 
llgroln. — A'Na: glistenizig needles (Haes a> 
Paal, B. 10,3147). 

BENZOYI-CABBAXIC ACID. OJI,NO«. 
Ethyl ether CJI,.CO.NH.CO.^Et. [110®J 
Formed by boiling benzoyl-thiocarbamio ether 
in alcoholic solution with PbO (Lossner, /. pr» 
[2] 10,254). Needles (from dilute alcohol), si. 
sol. water. Dccoin|)osed by aqueous KOll into 
KOBz, alcohol, Nil,, and K.^COj. Alcoliolio 
KOH gives a pp. of C^Hi.CO.NK.CO.Kt, v.e. sol. 
water. 

BENZOYL-CARBINOL Pli.C’O.Cll.OH [86®J. 
j Ph,C(OlI);.Cnd)ll (74 j. K.vo-oxy‘phmyU 
methyl hetoMc. t)xiiaccioj}heitone. Aceto-phs* 
fwue alcohol. Vlu niuyl alcohol. 

Formation.~\. By the ae.tion of alkalis on 
the acetate or chbunde, C..llj.CO.CIl,Cl.—2. 
Prum plienyl-gdycnl (2 g.) ami UNO, (6 0 . 0 . of 
S.Cr. Tim mixture is wanned and. M 

Boon as reaction sets in,«(t is cooled. The pro¬ 
duct is diluted, neutralised with Xa CO,, and the 
crystalline carhinol tillered off. Ether extracts 
a further quantity from the tUtrato (Hunaeus 
a. Ziu.'kr, 10,1IH7). 

J‘n>j>>'ilie-i. Prisms or plates (from benzol¬ 
ine). Largo crystals (from ulcoliol or other). 
V. sol. ether, alcohol, or CllCI,. Largo plates 
containing H.,0 (from water or dilute alco¬ 
hol). In drying these, decomposition readily 
oeiMirs, benzoic aldehyde being formed. The 
: raibinol etmibines with NallSO,. llcadily re- 
! dures nmmoniacal silvt-r nitrate or Echling’s 
. sclulioM, the I’hicf pro«lurt of the oxidation being 
j niaiididic acid CalI^.('lliOH).CO;,H (Breuer a. 
Ziuckn, 7>. 13, 035). 

Ih-tfti.tns. — l. Ib aled alone it gives off 
. bon/oic aldehyde and a pungent body.— 
2. Ib-atcd with aqueous NaOU or baryta i| 

; bocomes yellow and forms ben/.oic aldehyde.— 
,.3. W.itnr at 140’ aids similarly. — 4. With 
I IICN it yields the nitrile of atroglyccrio acid 
I ClI,(OH).CPh(01I).CO,H (PlOchl a. Blumlein, 

I B. 10.1200). 

, ^ Acetate Ph.CO.CH^OAc. [49®]. (270®). 

i From chloro-acotophcuono and AgOAc (Graebe, 
j B. 4, 31) ; or from the carhinol and Ac^O 
: (Zineke). Trimetric table.s (from benzoline). 
V. .sol. alcuhul, ether, or chloroform. M. sol, 
benzoline. 

• Jfen^oate. Ph.CO.CH,OBz. [117®] (Zineke). 
From oblorn aecto-phenene and AgOBz or from 
benzoyl - oarbinol and B/_0. Small tables 
. (from dilute alcohol). V. sol. ether, benzeoa. 
or CllCI,. 

I BENZOYL-CHLORANILIDE 0 . CH-.OBO-AHI. 

i Bink. 

! Bi^ZOYL SHLOBIDE CJl^.CO.Cl. [-1®] 
(Lieb^, A. 17H, ii\). (198^). (194®) (Brtthl, 

; .4. 235. 11% S.G. i 11-21; 1*2122 (B.). V.D. 

4*99 (calc. 4*90). 1*5537. S.V. 126*3 

(lUinsay). 

I Foroiiifion. —1. From chlorine and benzole 

! aldehyde (Liebig a. Wdhler,a.3.262).—2. From 
benzoic acid and PCl^ (Cahours, A. Ch. [8] 23* 
334..—3. From lieiizoates and POCl, (Gerhard^ 
.4. CA. [3] 37, 291).—4. In small quantities,!^ 
the action of Cl upon mandelio acid or on ben- 
, zoic elhei{> (Maiaguti, A. Ch, [‘ij 70# 374).—f- 




BKivzTL-BsinrENS. m 


19i 83S3).**>10. Id oofiitderDblo qaastitj by 
iiMUiiig bensaldehyde with glyooooll (Oortias d. 
Lederer,B. 19, 2402).— 11. Together with di- and 
tri* benzyl-amino, as a by-product, in the pre¬ 
paration of di-bonzyl-hydroxylamino from hy- 
droxylamino hydrochloiido, benzyl cliloride and 
NaOH (Walder, B. 10, 0203). 

Proptsrfu’i.—Liquid, miscible with water, 
alcohol, and ether. Separated from water by 
KOK. Strongly alkaline, absorbs CO^, forming a 
crystalline carbonate, and fumes with’llCl. With 
cyanogen it forma a compound (C.ll„N),.(('N)j 
[140®J which crystallises from alcohol, iiml "forms 
a hydrocliloride {C.H„N)..(CN).2UCI (Strako-^i-h, 
D. 6, (;'.>3). 

Salts.—B'lTCl: large leatlets or Hat tabli s. 
—Il'IIBr.—B'.H.PtCl,.: orang*! tables or vi !ow 
plates, si. sol. water. - B' 

Acetyl derivative CjUi.CH...NHAc • 

(300®); crystalline solid, sol. wafer (Amsel a. . 
Hofmann, li. 10, I2h.’>; Slrakoseli, JL r.‘.»7; , 
Itudolph, D. 12, 12'J7). j 

Di-benzylaniine C„if,jN />.NH(Cn..C,ir.).. 
S.G. 1033. ‘ ' j 

F(*rmatim.—-1. By tlio action of Xll^ m ■ 
C^H.CII.Cl or by rochurlion of b«-n/.onitrile (i\ : 

2. By the action of bronntU‘-wttt< r «)ii 
tribenzylaniine (Limprieht, A. Ml. 31.3). - 3. By 
boiling benzoic aldeliyde with ammonium ftir- 
mato (Leuclcart a. Bach, Jl. IP, 212'<). 

4. Occurs together witli mono- and tri-bonzv!- 
amino us a by-product in tlio pr«‘paralion of 
di-lx,'nzyl-hydroxylatiiine from liyilr«>xybunine 
hydrochloride, benzyl chloride, and NiiGll. - 

5. Formed by the action of PCIj upon di-beji/,yb 
hydroxylamine and treatjnent with waP-r, tlio 
reaction probably being: 

(C,H-)-.N.on I- rCh-((:.ir-).N'.O.PC1.4 IlCl and 
(C.H-i.n.o.1’(;i. + 3I{.o«' 

(C,n,),NII+ lI,m, + 2IlCi(Waldcr,R IP, 3287). 

Properties. -Liquid, insol. water, v. sol. 
alcohol and ether. Docs not nbsorl) CO. fiom 
the air. On distillation it decoin po.-ie.s into 
. 1 -di-phenyl (:tlmno,.«-di-x>henyl ethylene,lophinc, 
and various bases (Brunner, A. 151, 133). 

Salts.—B'HNOj: [180®], very sparingly 
gohiblo thin glistening needles.—B'JIOl •2.'»G-'J. 
—B'HBr [270®]. -B'HI [224®]. —B'JU’tCl,: 
golden-yedlow needles. 

Nitrosamine (CJI,ClL).,NNO: (HI®]; 
white crystals: v. sol. alcohol and etlier, in>o). 
water (W., cf. Bolide, A. 151, 3H(i). 

P/cr//fJerimf/re(CJI,.CH,),N.OCJI,(NOJ/ 
[171°] ; orange plates. 

Formyl derivative (Cjr,.CIl,),X.ClIO: 
[62®]; (above .3H0®) (Luiickart u. B»cb, IS. IP, 
2128). 

Di-snlphonic acia C,Jf,jN(SO,H) 2 (Lim- 
pricht, .4. IM. 317).-Btt.V'. • 

TrLbenxylamiae C;{|IL,N t.* 

[ 91 ®]. 

Fortnation.-^l. From b> uzyl chloride and 
NH, (i?. sMpm).—2. By heating di*benzyInmino 
with benzyl chloride at 100® (Wuldcr, li. IP, 
3287). — 3. Together with mono- and di- benzyl- 
amine as a by-product in the iirepaiation of 
di-benzyl-hydroxylamine from hydroxylamine 
hydrochloride, benzyl chloride, and KaOH (W.). : 
4. By heating benzaldebyde with rather more 
than an equal weight of ammonium formate; 
the yield te 40 p.e. of the benzaldebyde cm- 


I ployed (teaekart, B. 19, 2841). White ^tai 
j (from hoi alcohol); ah sot water, ^ea 
I heated for a long time with Mel or K(I at 160^ 
I benzyl iodide and tetra-methyl- (nr ethyl-) 
I Ammonium iodide are formed (Marquarat, 
B. IP, 1027). Fuming sulphuric acid forma 
C„H„(SO,H),N (Limprieht, A. M4, 311). 

! t Salts.-B'lICl: [228°]; thick pri.sius or 
iridescent plates, v. sol. hot alcohol, insol. 

I waP'r. --B'jH.CIj,l*lCl,: orange vcllow needles.— 
B'HNO,: [125®;; insol.water.* B'HBr: [208®]. 
-B'HBr,. B'Hl: [178®]. - B'llAl.SO,),. 12aq5 
[110®]; sol. water. 

Mcthylo^iodide h''SU'l’. [181®]; needles 
or plates; sol. hot ab'oliol, si. sol. cold waPtr. 

Melhylo-hydrate BMe(()H): crystalline 
solid; alkaline ri‘aetion; v.sol. water. On heat¬ 
ing it evolves Met)ll forming Iri-benzylamine. 

Me thylo-chloride-platinum-salt 
(B'MeCl).jMCl,: (iP7®j; orange pp.; iiiMil. cold 
water and alt‘ohol. 

Kthylo-iodide B'Ktl: [IPO®]; colomless 
rliombio crystals ; sol. alcohol and hot water. 

Isopropyla - iodide B'FrI: |170®j; 

ne(?dles ; si. sol. lint water. 

BE!9ZTIAMlNE-(.T-m-SULPH0NIC ACID 
C^lL.CH(SO,H).NH[SOJl|. The di sodinni salt 
A'Na^.taq is formed hy shaking bi’iizaldoxim 
\Nith a 30 p.e. sodium bisul])luU! solution. It 
crystallises in small white needles, v. o. sol. 
waP r, insol. cold alcoliol. By wanning with 
dilute acids it is split up into beii/ableliyde, 
sodium sulphate, and ammonium sulidiite: 

C8H,.CU(SO,Na).NH(S(),Na) i 211.0 
C„H,.CHO + N a.,SO, + (N H) .11 SO,. 

Alkalis docompoHO it in the cold, and water on 
boiling (Bcchmann, B. 20, 253P). 

BENZYL-ANIUNE CJf,.NH(C,Ud. p3®un. 
cor.], fabove 3r»0®). Obtained by n-dueing thlo- 
bonzoyl-aiilinc (BornUisen a. TrompeP'r, B. 11, 
17H0). Formed also by boiling diazobenzone- 
benzyl-anilklo (.50 g.) with HCl (200 c.c.); the 
yield is 20 g. (Kriswell a. Green, It. IP, 2030). 
Yellowish eiyslj(!«. 

t Salts.— B'ilCl [203® uiicrir.]; white jiiates; 

decomposed by water.- [108® un- 

I cor.]; slender yellow needles; tolm-ably easily 
: soluble in water. - B'aCjr.O^.—B'CdCl.^. 

I Benzoyl derivative [104®] (Fleischer, 

' A. 138, 22P). 

Di-bonzyl-aniUne C,Hv^'(CH^.(/,.Hj)j. [67°J. 
(above 3(2)'®). Frefiared by lieating a mixture 
of aniline (>51 pts.), benzyl cblorido (150 nts.) 
uMil XaOII (30 pt».) on the wator-buth for tnreo 
rir four weeks. After cyolijig tho solidillod 
cake* is pressed, die*illed with st'-ani to remove 
i-xiresH of benzyl chloride, washed with hot 
water, and crystallised from alcoliol. Colourless 
needles. V. sol. cthqr, b' nzeiie, hot alcohol 
and liot acetic acid, si. sol. cold aloohol and 
cold acetic acid, nearly inso!. water. Weak base. 

Halts. — B'llOtaq : glistening prisms.— 
ly^X'A F'tCIi; thin orange • yellow scalM. 
pjcratoB'C,iyNO,),OH: [132], long yeUow 
needles (Mutzudaira, B. 20, IGll). 

TBLBENZTL.AB8IK2 u. p. 322. 

BEKZTL.BABB1TB2IC ACID u. BxnBiTUBlo 
Acm. 

BSNZTIrBSNZEHS «. Di-pUKKrL-xzT0A«i, 

0-Di«bsiuyl-bsiusos OuH,, i.e. 

[BC®]. Formod, togsthtf with 



s al 


o-lMwatUa itiul li-pbtayl sut1iaa«, ill* f ISitiiM-enfpM 

onotiino^tt • mixtnta ot benzyl chloride ! eouple.Mbi vigoroneljr upon ti, prodociug t« 0 ; 
end benzene, ot by the action ot H^O, on a | isomeric benzylensa. In presence of ether, the 
miztnre ot benzene and methylal, CH,(OMe)j i zino-oopper couple produces dibenzyl, ZnBr„ 
(Zinoke, B. 6, 119, 221; 9, 31). Transparen* and 0,H,ZnBr, whence water produces toluene: 
laminfe, si. sol. ether, v. sol. benzene and hot i 2C,H,ZnBr + 2H.,0«2C,H, +ZnBrj+Zn(OH),. 
alcohol. CrO, forms {aj.dibenznyl-benzene and 1 In presence of alcohol, the couple produces 
p-benzojl-benzoic acid. • . toluene and EtOZnBr. In presence of water, 

o-Di-beniyl-bonzene (C.H,.CH.,).,C„H,. [78'’]. , the couple produces dibenzyl and a little toluene 
Billty needles (from alcohol); v. sol. ether and (Gladstone a. Tribe, O.cT. 47, 448), 
alcohol. CrO, forma o-di-benzoyl-benzone and ! BEHZYI, BUTYBATE CjjHnO, t.s. 

O betizoyl-bcnzoic iCiid. i C,H,.CH..O.CO.Pr. (240°). 8.G. Hr. I'OIO (Con. 

BEMZYL BENZOATE C n„0,;t.e. 1 rad a. Sdekinson, A. 193, 320) 

(324 i.V.h [21). S.O. I Benzyl isobutjrate Me.,CII.CO.,.CH,Ph. 

v''’ '(228° i. V.), S.G.f,101«. Prepared by boiling 

and lIzCl (Kraut, A. li>2, 1.10). I'ormed also alcoholic solution of benzyl chloride and 
® b<''nut''l°hydo at jiotaasio isolmtyrate for five days with inverted 
100°with a 8mall.iua..til.vol Bo. ium bcnz^^^^^^^^ cou'louscr. The product is mixed witli water 
probably the com|.ound C„lI,C(Oa,n ).,()Na .a ^ aistuied. 


ftritt formed find tliuii deooni|)<»'e-< into benzyl i 
benzoate and Kodimn benzyluto, wbioh latter i 
again reactH upon a furtlicr ipianlity of honzablo* ! 
hydo, producing inoro of tin; interinodiate pni- | 


Projkirties.—Oil, with pleasant odour. 
li^aclions .—When benzyl isobntyrate (1)0 g.) 
is healed with sudiuin^ (Hg.) a violent action 
occurs, the products being hytlrogtm, sodic iso- 


duet and so on. I,arKo colourless crystals i,„iyrato, bonzylicbcnzyl.isob'utyrL( 7 .ti.), sodic 

' o.BENziri-BENZOIC ACIB C,,n,,0. i.e. u-I!Jr*Th« nr'ne'”'U'ereC™ ^ 

It A*i» /111 r»is II \t 1 .zi.'i H‘ts . doO^), Ihe principal reaction 18 : 
t.H,.Ul,.C.lI,.CO,ll. Mol. w. il.. [Illi. ; 4Mo.CU.GO,.CU.l’h + Na,- 

Iron o.bu.zoyl-b..uruucjuud nud so;huu> a..uLl. 0 ii„,c(CH..l’b).C 0 .,C'U.+' 2 .Me.CH;C 0 ,,Sas H. 
Kam (Uotetuu: d. IK.o.ot U; (.'.i .„U) slender , ,w. 11. llod^kinsou; (b d. .'i:!, 4IIG). ' 
needles; nmy be Mild.uo d; sb^ i o-BENZYL-ISOBDIYElC ACID C„H,.0., U 

s d. alcohol and elber u-'. dim;.-CaA',Jl a.;. ■ y,,, CjcHJ'bjCO.ll. 

toBeaVtnzokarU i /Bcu/yl ether (C,H,)A'. (280°-28.7°). S.G. 

Ph <dl II. (lOK"], ' i;rropared by the action of sodium on 


.1. O.bcuzoyl-be.ouucjuu.l am so;huu> a..uLl. oii„,c(CH..l’b).CO.,C'U.+'2.Me.CHCO.Sa s H. 
u lllotcruu: d. IK.o.ot U; (.'.I .„U) Slender , ,w. i llod«kinso..; (b d. .'i:!, 41IG). ' 

” I '('■ Vi ' i o-BENZYL-ISOBDIYElC ACID C„H,.0., U 
. alcohol and rtlifr -CaA^i n-b Mc..C(CH..l‘li)C0.1I. * 


VJO. Vield 'lO p.c. fif thfoietical from ) being forniod.—2. It is ftd.ickcd by n/Zaa/t.-J 

toluie acid. 51. A Hmull ■itnnlily frtat. benzoic great flilHculty, the faponilieation gives 

other, lamzyl cbloiitle, and/fiCI, by boiling. i.-;«d)utyric not beiizyl-isobiityric acid (W, U. 

Sliiot rilemli-r iieedit'.s (from liof lloilgkinson, C.«/. •’Id, oO.l; A. 2(>1, 171)« 

Water), small pliilo.t (from hot dilulo alcolioll; BENZYL CARBAMATE* Xir.CO.O.C;H,, 
si. sol. cold ivatf'r, m. sol. liol ivuter, v. «. sol. [’’^d’]• l'’roin bonzyl alcoliol ainl urea nilralo at 
•Icolnd, I'ther tir (diloriiftuin. (Jonc. II.SO, MC® (Cainpisi a. Auialo, ii. -1, -112) or solid 
forni.H a colmirles.s riolulion. K;(VA),nfMl oynnogonehk»ridc(Cannizzaro, iZ.3,518). Large 

give m • benzoyl - bi'u/oic aoid. — CoA'jUfp • plates (from water); si. sol. liot water, v. sol. 


give in • benzoyl - bi'U/oic aoid. — CoA'-Ufi 
ibiAVl Ht). Ag.f. 

^KBeiityl-beuioio atid 
Pb.(’H,.C,H,.COJf (MJ. (ir>5®3. 

1. Lvtixiilisiug/i benzvl tolur 
with diliilo ILaSO, (Zincke, *1. fbl. kJT)).—2. , 


plates (from water); si. sol. liot water, v. sol. 
filcohol. Decomposes above 200® into benzyl 
alcohol and cyanuric acid. 

BENZYL-CAEBAMIC ACIB C,H,NH.CO.OH. 
Bonzyl-amnioniam salt 


withdiliitolVSO, (Zincke. .1. fill, 1 (IT)).- 2. By ^C,lI.Nn.CO.,NH,C,H,. [99®J. From benzyl- 
redueii)}: e.ro-oxy-ji*bo.i/yl benzoic acid with HI. *ftniino and CO,. Formed also by heating a-ainido- 
8. From /f-lHuizoyl benztiie acid and sodium- phenyl*nceticacidat2G0®; theyieldboinguearly 
amalgam or HI widd^ (Graebe, dEf. 8,1054). , the theoretical (Tiemann a. F*iedlander, i). 14, 

/'rt»eer<fV.s.-Minute ncadies (from water)1009). Plates, sol. water and alcohol, insol. 
may be sublimed; si. sol. cold water, v. sol. ‘‘thcr; volatile with steam. I^cooinposed by 
aleohoi ami ether. Chromic mixture j'sidiscs .acids or alkalis into CO., and benzylamine. 
it to ?..benzoyl-bom*io acid. - Ca.\'llA'.- BENZYL BECARBOXY-OIBTACOHIC ACID 


IlaA'..2afj. AgA'. t*. Di^nnoxT-AcTAcoNrc acid. 

BENZYL BROMIDE CJIy.ClOr. (199®). BlB:^ZTL-CARBOXyLIC ACID v, Dl- 
8.0. V l-4:i80. rilBNYL-FTUAJfB-CABBOXYraC ACID. 

Fi rwi{f/.>//.-l. From benzvl alcoliol and ! DIBEHZYL Dl-CARBOXYLIC ACID v. Di- 
HDr (Kokule, A. 137, 190).—2. From Dr and ^wnil-soccimio acid and Di-phentl-etiiam* 
boiling toluene (Deilstein, A. ll.), :«>9; .lackson W'C'RBOXTLIC acid. 

a. Fitdd, .4> ■. 2, 11).—3. I'rom beiizyl chloride ' BENZYL CAEBIKOI f>. PuBNTii-BTHiL Al¬ 
and A.-^Dr, (Drix, A. 225.103). , cohol. 

iVepfiratio/i.—By the action of bromine (I BENZYL CHLORIDE 0,H,Cl 


a. Fitdd, .4> ■. 2, 11).—3. I'rom benzyl chloride ' BENZYL CAEBIKOI f>. PuBNTii-BTHiL aIi- 
and A.-^Dr, (Drix, A. 225,103). , cohol. 

iVepfiratio/i.—By the action of bromine (I BENZYL CHLORIDE 0,H,Cl 
mol.) upon cold toluene (1 mol.) in direct sun- ; t»-Chloro • toluen$. (178®) al 

•bine; tha yield is guantitative (Schramm, B .754 mm. S.G. ^ 0*9453. S.V. 133*43 (Sdiiilli 
**• ; B. 19, 663; A. 220, 98); 18318 (JRamf). 



- "^ '.fcta£;'i*'^l 

OJBL,OB^NH.(Wi {8^^. fotSi ur 
Cj^lrinto beniyhu^ft in ether (Strekoeoh, S 
8, 694). Piaiee (from ether); iniol. crater, v. t 
so), alcohol and ether. On keeping it chengei 
th isomeric tri-benzyl molaminc. Boiling UG 
forms bcnzyl-urott. 

Oi-bcasyhcyanamide (C^Il^CfTJ;N.ON. [54®| 
Froln CyCI ami dibenzylamino in uleohol (Lim* 
i pricht, *4. M4, 317). Plates; iiisol. watc-T. 

BhNZYI. CYANATE OJl^.CHj N.CO. (I7f»®- 
200-). Formed, logetlior willj benzyl oyanurate, 
. . by tlieectloii ofsilvorcyanatoonbenzyloliloride 

NHj forms, on ln'ating, mono-, di-, and tri-' or broiuido (Letts, C. 25, 416; Ladenburg a. 
benzylaminc.—6. Hot dilute JlNOj (or a nitrate) ! Struve, H. 10,46). Putigvnt litiuid. Changoe 
forms benzoic aldeliydc.-6. Boiling PbiOH); sponlatioously into tlm cyamirute. Alcoholio 


Mprmm m ^ ^T'i^VtmUuKfi tkibh ol M rf gCI 
(teaiMOi m; 08, M6; DeirUle, 4. 
Oh. [8) 0, disfeOUng toluene in » 

•ortenl of chlorine (LautlT a. Grimanz, Bl 
1867,1105). 

Pr^rafton.-'Bj passing chlorine (1 mol.) 
into oold toluene (1 mol.) exposed to* direct sun* 
•hine; the yield is nearly theoretical (Schramm, 
B. 18,608). 

Pi^rfiVs.—Oil, sol. alcohol and ether. 

Reaclions.~l. Boiling alcoholic KOH forms j 
0,H,OEt.—2. Alcoholic KOAc forms C;II,0.\c.— j 
8. Alcoholic KCN forms C.H CN. '4. Aicoholic 


forms benzyl alcohol,—7. KOPh forms phenyl 
benzTl oxide.—8. Water at 186 gives a pro'lucl 
which, on distillation, yteld.s ben/yl-tolueiie ntnl 


NHj C'Oivi rls it into benzyl-urea. 

BENZYL CYANIDE r. PnKNYi.-ACKTONiTmi.K. 
BENZYL CYANUHATE (C,II,CII,),N,C,0,. 


anthracene. Before distillation the product is j (I')7 ]. (nl>i)vc 320'). The chief product of the 
perhap . CJI^.CJLC„Il,.GlI.Ci (Van Dorp, y>. ’ 

1070; Zincke, h. 7, 276).—9. Long boiling 
with water (30 vols.) pr^luces benzyl alcohol. - 
10. Sodenm-flnmf'^jnu produc«?s a little .s-di- ■ 
phenyl-ethylenc. -11. Aromatie. hi/thvcnriwis in | 
presence of powdered zinc give oH HCl and j 


form condensation pro«lui-ts (Zincke, B. 6, 

137),—12. CVi/c>r()/or??a'c ether and sihliimt 
fonn di-phenyl-cthano exo-carboxvlio flhcr, 
PhCIL.CHPh.CO.Kt (Wurtz. C. A*. 70, 3r>6). - 
13. Heated with ALCl^ it gives off HCl, forming 
toluene and anthracono (Perkin, jun. a. llodg- 
kinson, C. J- .')7, 726).—14. In carbon disulphido 
solution yif'hls, when cliroinyi clilorido is atided 
gradually, a luo\Ya pn/cipitate of composition 
PhCll^Cl, CrC.OI., slowly convertoil by moist 
air into br-n/oic aldi'hvdu; 

3Pli.ClICl.().Cr(()lI)Cl., r 311,0 
-OHCl + Cr.O, CrO,^ dPhCllO. 

The compound heated to 170'’ loses HCl, 
forming a compound PhCHClCrO.Cl, which dso 
yields benzoic aldchvde. 

3PliCIlC1.0.Ci0.Cl+3ir,0 
«6HC1 + CrAjCrOa + Hl’hCdlO (lOtard, A.Ch. 

[5] 22,235).—15. HI reduces it to toluene,—16. 

E’litc dust gives toluene, plicnyl-lolyl-mcthane, 

' and anthracene (Frost, Bl. [,2} 46, 241)). 

BENZYL - CHLORO - MALONIC ACID «.! c H /’ 

CaWRO-DKNZYL-M.aOSrC AtUr. 1 * 


action of siiN.T cyanule on Wn/.y! chloride (r, 
nii'ira ); formed by isomeric change from benzyl 
eyanatc. Silky needles (from alcohol), insol. 
wnli r. Potash fusion gives K GO, and benzyl- 

amine. 

BENZYL CYMENE C, II,„ i.c. 

<',.H .i ll ..(5..H,M< Pr. '297^] (Muzzara, (/. 8.r,0«; 
'3nH I (Weber, J. 1878, 102). SM. ^ d)?. 
From Ijen.'.yl chloride, cymene. and zinc. On 
oxidation it gives heiizoyl-terephllialio acid. 

Bo-azyl-cymcne dUulphonic acid 
C.dl.(St),,ll), (M.). 

BENZYL-DURENE t'.BKNZYh-TK'iitA-MirirvL' 
lu.szrNK. 

BENZYLENE (C..H„).,. Two hydroairhonH 
‘ of this composition am formed by the action of 
! tlnr eojipor-zinc couple upon benzyl bromi<lo (or 
J chloride). (a)-ben/.yleno, [42 ]; g, -60'.H, i« a 
yellowihli-rod resin, si. sol. alcohirl, v. sol. ether 
and b(*nz»me. (/))-hunzylcno is a brown resin, 
iijsol. alcoTOl or ether (Gladstone a. Tribe, C. J, 
47,448). 

BENZYLENE. Bk.szyui>kni;-. 
BENZYLENE-DIAMINE v. Asiioo iicNZit- 

AMINi.’. 

BENZYLENE.IMIKE 0,11,N i.e. 

.Cilj 

[1:2J. Formed by rcdiic(lf)n of 


BENZYL-CINCHONINE v. Cinciionine. 
a-BENZYL-CINNAMIC ACID C„II„0.. i.e. 
C,HyCH:C(CH,Ph).CO,JI. (157®]. Formed 
by the action of alkalis on the compound 
Ph.SOyC(Ca,Ph),.COXt (Michael a. Palmer, 
Am. 7, 70). Largo white needles, insol. water, 
aol. alcohol. 

p-BENZYL-CBESOL q,H,.CH,.C,U,^fe.OII. 
(240®) at 40 mm. From benzyl chloride, 
orcsoi, and zinc (Mazzara, 0.^8, 303; 11, 
488; 12.264). • 

Beaclious. — 1. Chloro • aedic add and 
KOHAq form C.H,.CH,.C,H,Me.O.CH,.CO,Il 
[111®]. — 2. (a)’chloropropumic acid forms 
C,H,.CHrC,H,Mo.OCHMe.CO.H.rU5®J.-3. CO, 
and Ns forms C,Hj.CH;.C,H,(OHj.CO,Xa. 

Aeetyl derivative C,«H„AcO. (245®) at 
40 mm. I 

BENZYL CBE8YL OXIDE 
0«H^CU,.O.C,H,.CH„ 9. Tolyl etlter of Bekztl 
amosol. ^ 


o-nitrr» henzyl.c}iloride with »SnCL in c-tinc. HCl. 
(iieyish ,>ellow p< wder. Sol. cliloroforni and 
acetic acid.* J>isK'lvcs in HCl to a red iluorcs- 
*ccnt solution. The salts are amorphous. Tha 
hyrlrochloride forms a rwldisli-yellow trans. 
parent solid (B HCl). Tho«pl«tiiiochlorido 
(ir.JIddCh) is an in«»luble,amorphous, reddish* 
brown powder (Lellmimn a. Stickcl, D. 19,1011). 
4 BENZYL ETHER C,,H„0 i.e. (CJl,.CIIJ 0. 
Di th-n-'ul dhfry Di-hcn^l o.r.kic. (L'l)K'' i. V.) 
t (i. P03G. M P5.V25. Fo'tned by heating 

benzyl alcohol witli B,0, at 120'' ((Jannizzaro, 
.1. 92. Also by heating benzyl chloride 

with water at 190® (Limpricht, A. 139, 313). 
From l)Dnzyl chloride and Hodiiim bcnzylaia 
(Lowe, C. J. 51. 700). Dectimposed by h«at 
into toluene and ben/oic aldehyde. 

BENZYL-DI-ETHTL-AMINE C„il„N U. 
C..H..( H.N'Kt;. (212® cor.). From bcnzylamlno 
ond Kil at 130" (Lad(‘nburga. Klrove, B. 10,47* 
561, 1152, 1684} { or from di ctbyl-aiuinc laa 



benijl ohloriae at 100« (V. Meyei, B. 10, 810, 
ktHylo-ioiiit 

crvBtala, t. sol. water. On dry-distiUabon it 
irivee triethylamine and benzyl lodffle^ 
C.H..CH,.HEt,I.t87°]-(C,H,,.CH,.KEt.Cl)^lCI,. 

ii-beniyl-ethyl-andne C„H„N t.e. 
tC H..Cll,),NEt. From di-bcnzyl-amme ana j 
Eli (Tiimiiricht, A. 144,315).—U'HCl. j 

col<\ wator. ^ „ 

BESZFL.ETH?L-BEHZESE C„H„ t.«. 
C.ll,.CH,.C.H,,Et [V.4). Mol. w. 19B. <29o 
i V) 8.0. 09. From benzyl chloride, ethyl¬ 

benzene, and zinc (Waikor, li. 5, bdO) or from;)- 
ethyl-benzophcnmiP, HI, and V (Hdllschcr, Ji- 
15, 1382). Oiidalion gives p-benzoyl-benzoic 
acid. 

BEEZZL ETHYL OXIDE n. Urnzvi, jlcoiioi.. 


••OH/)<. 900 , 40 »S,/>, (Mdllei a.;BirMb«r, 
^ 118 , 86 ). 

Bhombio prisma (mm alcohol): a:b:tm 
•611S:1:-SOSS, Flnfly mass ol needles (from 
benzene). Salt.—AgA.'. 

Reactiona.—l. HNO, gives a viscid nitto- 
acid (Mdller a. Streekcrji.-2. Cono. igneous 
KOH gives toinene and oxalio acid on boiling.— 
3. Treated with PCI, and H,0 successively a 
nionopliosphato. C„,H„0,P0,H„ crystallising 
in prisms, [1C0°] is formed. 

Acetyl derivative^ [106°]. Plates in 
rosettes (from CHCl, raised with petroleum). 

Methyl ether UeM: [IV]-, aeeilea. 

• Anhydride 0|„Ui,0,. [160°]. Got by 

, heating the acetyl derivative. Prisms (from 
Ismzeiie). V. sol. alcohol and other. Na.,CO, Ag 
i converts it into sodium di-benzyl-glycollate. 
Nitr«lc(C,H,CH.J,C(OH).CN. [113°]. From 


BEHZYL ETHYL KETONE 6,Jt,.,6 t.c. ! di la nzyl ketone, KCN and HCl. Colourless 
0 n .CH, .C().C..H Mtil. w. IIH. (c. ‘22(i '). Hat rhombs (from alcohol). At llo it spliia 
uV'iT i (.()0. Prom phenyl-aei.'tic chloride and up into IlCN and di-benzyl ketone. 

ZnKt 'iropon, /i, 5, 5(11). Does not combine .4mi<fe. [l'.i:!°]. ^’rom the nitrile and cono. 
with NallSO.. OxidiHcd byCrO, to lu nr.oic and "Cl at 1M°. 


pronioriifl acids. 

BENZYL - p - ETHYLPHEHYL - CARBINOL 
0,H,.CI4CII((UI).(:,Jl,.(Ml, 11:11. (-‘''‘O ). 

Liquid. Fornii-d liy in-atln^ b*;!i/.yl i!thyl|>ln-rivl- 
kotonewith aUnihtilic KOH at lli)il<Ml with 
dilutfl H,HO, it Kiviw phfiiyl othylphcnyl-olhyl- 
one (8<'dlrtcU«r, H. l.'», MlHlI. 

BBKZYL ETKYLPHENYL />. KETONE 
C,llj.OIL,.Ct).OJ(,.C.Jl. (1:1]. h:th!/l<le.i,Kri,b. n. 
ioXn. (HI"). I’rcjian'd by tin* iiitltou of on 
a mixture of i-thyl bt-nmio and phenyl acrtyl 
cliiurido (StilUchcr. H. Id, IHHO). JJoils unilc- 
com|M>Hc<l. V-H. H'Od (t'bs.). Small platos. j 


BENZYL - OLYOXALINE C,H,(CyH.)N,. 
(71‘^J. (.'Uir). F*)rmed by tho action of benzyl 
cblorido on Rlyoxaline (Wallach, H. 10, .^>39). 
(^)l(mrli’s.s crystals. 81. sol. other, insol. cold 
wahr.-Jt’.lI.,Cl.,rtCl,: yellow pp., in.sol. cold 
waltT. 

DI-BENZYL-OBANIDINE C, .H,,N, i.6. 
(OJI...CfI,NH),C:NH. [100']. Formed by boil- 
iiiK beiizylamino Iiydrocliloride with benzyl- 
cyaiiamidc in aUioliol (Sirakosch, 7i. 5, 095).— 
Lamimi' (from alcohol). Hoi. wafer, alcohol, 
and f th.T.- irm'l ;i7«n. 

BENZYL-HYDROXYLAMINE v. Uydboxyl- 


Hid. etluT, lieuzene.and hot aleoliol. si. sol. cold a.mink. 

alcohol. Ou oxulation it givos terephthulio I BENZYLIOENE. Tho radi'di] C,,Hi.CH, also 
noid. On nuUielion it^cives pheriyl-ethylphenyl-: ciillt'd L or hi H:!il> }ic. The latter name 


otlianc. 

BENZYL . ETKYLPHENYL • METHANE r. 

PilKNYi. nrHYi.niKNYi.-i;ni\NC. 

BENZYL DI ETHYL 8ULPHINE. JVaf/w-- 
chhrruk (C.,Il.('H..Sl‘;tl’l)d*tCl». From Kll 
and di-lsMi/.y! sulphiib', the product lieinj? treatfl 
with AkCI and successively (Hcholler, />. 

7,1271). 

DI-BENZYL-ETHYL /..-ccmfo-THIOUEEA 
0„H;„N.S i.e. C.H,S.CtNH;):Nll. Formed by 
heatinff di-benzvl thiouroA with ethvl iodido 
atHN)-. Oil. * • , 

Salts. Hill; monoehnic prisinsi 

f. Bol. nlcolnd, si. sol. water. H'H .SO,: lar^o 
fonriaMi'ii rhombic solnblu tables. 
tiiift iJi'ctllf.s (U<*imJrus, /f. 10, 231!)). 

BENZYL-PLUOBENEU.,H,« i.e. 

C.fJ,.Clt..C,II,<p“j >, (102’]. Formed byhcal-^ 

iug Huorena with 1^u9yl chloride and zinc-dust 
(Ooldsehmie-tt, aV. 2,413). Flalos (from alco¬ 
hol). 

BENZYL-FOBKALBEHYDE v. Fiikmyl- 

AOKTIC ALOKIIYDS. 

BLBENZYL OLYCOLUC ACID 

(CACH.A:C(OH)CO,n. OxatoUiic acid. a.Oxy- 
<fi-j>brw,vrjxSo-6ufi/n'r acid. [167**J. 

Foromt/on. • 1. From the nitrilo and oono. 

HCl at (Spiegel, A. 219, 46; B. 13, , , * - 

2219; 14, 1687).—2. By boiling vulpio acid | amino. Long white needles. SI. sol. eold ideo- 
(g, 9 .) with aqueous KOU: j bol and ether (Hantzscb, B. 18, 2583), 


i.-d, more appropriate to the isomeric radicle 

B ENZ YLIBENEBI-ACETAHIBE 

C„H,,NA (\.H.<'HiN'H.CO.(;H,)... Formed 
by boiling aeetami'b] with bciiz«iic aldehyde 
(Ibith, A. l.at, 72; \'2] 4, 650; 6, 680), 

Silky crystals, si. sol. cold water and ether. 
Not utTocted by b(*iling KOHAq but decomposed 
by hot HCIAt] into benzoic aldehyde and NQjAo. 

BENZYLIDENE DI-ACETATE C„H„0, i.e. 
CJIFh(OAc);.. l)ia>'€ttjl-bcn:oic ortho-aldehyde. 
[45"]. From boti/.oic aldehyde and Ac^O or 
from benzylidenc elilorido and AgOAc (Ocuthor, 
A. 106,2.71; Wicko, A. 102, 368; Hiibner, Z. 
1867, 277 ; Neuhof, A. 146. 323; Limpricht, 
A. 139, 321; Porkin, Z. 1868,172). 

BENZYLXDENE ACETIC ACID r. CufKiluc 
ACID • 

Be&iylideBe-di-aoetio acid v. PasHTL-OLn- 
TABjp Aon>. • 

BEIIZTtIDENE.ACETO.ACETIC ACID v. 
p. 24. 

BENZYIIDENS-DI-AOETO ACETIC-STHEB 

C„»^,*0.<.r.C,H,CH|CH.C«(CO,Et>.CO.CH,|,(?). 

p63®]. Formed together with dehydro-oenzyl- 
idone - di • acetoacetic ether by the 

action of benzoic aldehyde (1 mol.) upon aoeto- 
acetic ether (2 mols.) in presence of a primary 



BKNmiiffinyiKfjLiM 


Ph 

0„H.0. po«ib!7 l»00.-^-0-<30^t 

McC—0-CMe 

[68^]. Formed as described above. Glistening 


( 9 . p. 87) with ioditttt<ftDUdgaiiu~*BliCt 1 inMlI 
eirystAla, «Mil7 soltib!* in water and aloohol 
(Fischer, B. 16,3^6). 

BEKmi0EKE4)I.A0ST0VIFB v. p. 34. 
nirmiBENE. acbtophekofe 

C;H,.CH:CH.C0.C,H». Pfienvl sti/n,l keUm. 


prisms. V. sol. cold or hot solvents (Hantzscb, [ 1%'nylciniuwu'nyl hctonf. i, nc mdhjl 


B. 18, 2583). 

BE5ZTLIBENE-D1.ACET0NAM1NE r. p. 27. 
BBKZTIIDEKE-ACETOKE i..'. ' 

Ph.CH:CH.CO.ClI,. Accto-cinnauione. Mcth'jh 
$ttfryl ketone. [42^j (lo2') at 25 mm. (201^ 
Lv.) at 700 mm. 

Formation. — 1. From benzoic aldehyde, 
acetone and a little ZnCl,, at 200^ (Ctaiseii a. 
ClsparMe, B, 14, 2401).- 2. By heating a mix- 
tore of calcium acetate with calcium cinnamate; 
also in small quantity by healing cinnamic alde¬ 
hyde with Na and Mul at 130’, or by boiling 
oinnamio aldehyde with MeOll and ZitCl. 
(Fogler a. Leist, B. 0. 254). 

Preparation.~l' roiii benzoic aldehyde (20 g.), 
acetone (40g.), water (IjSOO o.c.) and aqueous 
(10 p.c.) NaOii (20 g.) in the cold. After four 
days the oil that has separated is extracted with 
ether, dried over CuCl.,. and rectified in i'acio> 
(Ciaisen a. Pond(>r, A. 223,138). 

iVopcrfw.v, —Plates, apparently rectangular. 
It has an odour of coumarin and rhubarb and 
attacks the skin. Easily soluble in alcohol, 
ether, benzene, and chloroform, less In petro¬ 
leum-ether. In cono. UjSO, it forms an orange 
solution. Forms a crystalline compound with 
NaHSO,, and a di-bromido C,oH,„OI3r.j [125 j 
crystallising in needles from alcohol. 

Phenyl hydrazide [150^]; 

flat yellow needles; sol. hot alcohol, »l. sol. cold 
alcohol and other, insol. water (Fischer, B. 17, 
676; Kuorr. B. 20, 10011). 

Oxim Ph.ClI:Cli.C(N'OH).CU,. [11G% 
(220®) at 100 mm. Forms a bromide, [14-V! 5 
and an acetyl derivative [01°J (Zolinsky, i^. 
20.922). 

Di-benzylidine-aceto&e 

PhCH:CH.CO.CI£:CII.Ph. CinnamojiC: Di- 
tfprj/f kckme. [112 'j. 

Forra^rfioa. -From benzoic aldehyde (20pts.), 
acetone (6 pts.), and acetic acid (40 pis.), by 
adding H^SO, (30 pts.) at 0’ or passing in llCl. 

Preparation. -From benzoic aldehyde (lOg.), 
acetone (3 g.), water (lOOg.)and dilute (10 per 
cent.) NaOH (20g.) left 4 days in tlie cold; or 


phi'uyl ketone. Uenr(tlnei'to;>}u'none. (58®1, 
(.3iy-.318°). Formed by pus^illg HCl gas into 
a mixture of acetophenone and i<eiizaldohyd(>; 
by adding to tiie two lattic bodies di- 

lute<l with iii'otic aci<l; by l.e.ating them with 
acotic anhydride to 170’; or* by treating llieiu 
with dilute NaOll (Cluisca a. (Mapnr^de, B. 14, 
24(i3; Ciaisen a. Ponder, A. 223. 148). 

Prejwrrtfjon.—PJ pts. of aeetopljonono are 
mixed with 10'5 pts. of ben/.aldohydo and 3 pts. 
of a 20 p.c. sotiium methylate solution, and 
allowed to remain in the cold for a few days 
when the whole will have solidified to a crystal¬ 
line mass ; the yield is 90 p.c. of tho theoretical 
(Cliiiseii, B. 20, 6.»7). Large trimetric tables. 
V. sol. chloroform, ether, benzeno and (\S., m. 
sol. alcohol, si. sol. petroleum other. On oxida¬ 
tion it give.s henzoyl-forniio and benzoic acids. 
On boiling witli dilute Acid.s it is d<«cnmpos(>d 
into AOidoplHOiono and ben/.aldehyde. By re- 
dut tion with 111 and P it is converted into di- 
lii'iizyl-methanc. Tho lICl addition product 
F,.U^.<.'O.01ICl.CII^.C„Hv [120 j forms c<dcmrh*KS 
trimetric plates, sparingly scdublo in cnhl alco¬ 
hol and ether. It isprepared by tho addition of 
gaseous not to tho ketono. Tlio di bromide 
CJIvCO.CJIBr.CHBr.C^Hj [167^] forms short 
colourless prisms sol. liot alcohol. Prepared 
by tho addition of bromine to tlu! ketone. 

B£KZTL1D£N£ - 8 - ACETYL • PROPIOKIO 
ACID U,sU„0, i.r.CHPh:ClI,.CO.Cir,.01I,.CO.H. 
Bcmylidene-Uei'idic arid. i’inmmoyl-propiinUc 
acul. [P20 ’-125-]. Fonned by heating Imviilic 
3icid with #it;nzoic alde.hydc and sodium aoctato. 
Small white crystals. Tho loud salt is itiHoluble. 
Dissolves in cold cone. H^^SO, with a rod colour- 
' ation. Boiling cono. KOfl s])]its oiT henzaldo- 
hyde. Itoduction in alkaline solution yields 
hemyl-valerodactone C, 2 U„ 0 .^ which forms largo 
prisms of molting-point [85®} (Erdmann, B. 18, 
:i441). 

BEKZTLIDEHZ-ISOAMTL-AIIIIIE. An oil 

formed from benzoic aldt'hydo and isoamyl* 
amine (Sohifl, A. 140, 93). 

BENZTLIDEN^ DMS0AM7L DI-OXIDE 


frombcnzylident:-acctono(7g.), bt'nzoicaldehyde ,C„HjCH(OCjH,|) 2 . (292® cor.), from benzyl- 
(6g.), water (200g.), alcohol (150g.)and dilute ideno chloride and NaOCjH,, (Wicke, A. 102, 
NaOH (20 g.) (Ciaisen a. Ponder, A. 223, 142; 363). _ 

c/ Ciaisen a. ClaparMo, B. 14. 350. 24»K); BENZYLIDENE - AKIUHB O..H,,N i e. 
Shmidt, jB. 11, 1459). i C„Hk.CH:NPh. Amlide of bemote aldehyde, 

Prppcritca. -Bright yellow monoclinic tablets ! [19®J (Ticmann a. J’iest, J?. 16, 2028). 

(from acetone or CHClJ a:5:c = 4'886;l:P378i Formation. ~l. By warni ng aniline with 
fl»78® 43' Beadily soluble injcliloroform or : benzoic aldehyde (Laurwt a. Gcrliardt, Comjd, 
, less in ether or ooM alcohol. AJives Cnim. 1850, 117).--2. By h. iting di-phenyU 
• ‘ thio urea with benzoic aldehyde (Schiff, A. 148, 

386). 

rmpcrrics.—Lamin®; volatile with steam, 
insol. w'utcr, v, c. sol. alcohol and ether. At 
200® it changes to an isomeride which diflers 
from it in forming a salt byi,PtCl,. 

Hydrocyanide [82®]. Formed 

_:_t,r,VT i..... •• * 


Ketone, 

an orange eolution in HgSO,. 

TetrabroJiiide C„H|,OBr,; white needles 

ra08’-211'’]. 

BEHZTLIDESE-DUCETOSEALCAldRE 

H,C-CH(OH)- CH, 

C„H„NO».e. I I (?) 

(C,H,)HC — NH — C(CH,), . .. 

Oxy-phenyl di vKthyl-telra-hydm pyruline. ; by passing HCN into fused benaylidcne-aniluie, 
Thick omourlesB oil. Formed by reduction of f or by the action of KCN on a mixture of bonsote 
•0 aoM i^utioo of benzylidene-di-aMtonamine aldehyde and anilise hydroobloride dissolTid 



to ^ol lOecih, B. 11, ««).. It tonw_ eo#. (1 


BSSZmDEHE-DI-AKtimniE V. Dt-atl- 

tEnU.-UBtBtL-DKjniKia'n.-PireSTI.-MRTttUIB. 

Bl-BESZYLIOESE BEKZIDniE OalT.N. 

le. [iM’] (C.) i [259“] (U.)- 


hyde and anomnyl chloride (Bemboldt ii. 1S8| 
189) or OOC4 (Kempf, 1871, 79). 

, PrejaanUion.—!. By passing 9 moU. of 


Obtained by heating hydrazo-benzone or ben- chlorine into cold toluene (1 mol.) exposed to 
tonc-azo-bi nzeno willi benzoic aldehyde and direct sunshine (Schramm, B. 18, C08).—2. By 
Zn(,-l., (Cleve, IH. [‘2j 4 ), 188 ; Barzilovsky, //i. heating toluene (7 pts.) with PCI, (30 pta.) at 
1885 , iW\). Yellow scales (Irom benzene and 100 ^; the yield being nearly that calculated 
chloroform), lb-solved by llCl into benzoic (Colson a. Gautier,/?/. [2J 45, 87). 
aldehyde and benzbline. Properties.—Oil, with faint odour. 

BEMZYLIOENi-Dl BENZAlllBE Ileactions.—l. Converted into benzoic aide- 


Properties.—Oil, with faint odour. 
Ileactions.—X. Converted into benzoic aide- 


i.e. C.,U,.ClliNH,CO.C,H,),. [197^]. hyde by icafcr or aqueous K^COj at 130®, or by 
Formed by healing benzoic aldehyde with bonz- ' warming with H,SO, at 60-' and treating the 
utnido (Uolh, A. 151, 7(>). Long silky needles 1 (iruduct with water (Opponheim, B. 2, 213).— 
(Irum ab'.nlMjl). insol. walnr. Uosolved by hot i 2. Alcoholic KHS forms benzyl disulphide and 


liCl\q into the paront snlntances. 

BBNZYLIDENE DI BENZOATE 


di-thio*benzoio acid.--3. Ucd-hot soda lirnc 
forms benzene (Liinpricht, Bl. 1836, ii. 467).— 


C,lIyCH(OB/.).. From benzylidono chloride J 4. formsp-chloro-benzyliJcne chloride, 

and AgOUz (Kiig'dliardt, J. 1857, 471). Crya* 1 5. Nitric acid forms 2 ^*nitro-bonzylideno chlo- 


lallino. 

BENZYLIDENE BENZYI AHINE 

CjrvOll:N.<;il,.(:..II.. (c. .'{00’). Tonn'-d by the 
action of TCI, upon di lienzyl hydnixylamln.'. 
probably by ijilt i'tiK'dial*^ fovni.ilinn ol tlx- rlilo- 


ride (Uiibner a. Bentc, B. 6, 803; c/. B:nlstein, 
A. 146, 333).-~6. AgOAo forms O^H^.CILOAc),. 
7. Silver oxtilate forms benzoic aldehyde (Go* 
lowkinsky, 4.111,2.52).—8. Na forms di-phcnyl- 
otliylcne.—9. Mel and Na form cumene.— 


ride (C,.11^.011 ,1 N'.Cl. Oil. V. »m!. alcohol and 10. Nil, forms hydiolnmzamidu.—11. Znlit; 


ether, insol. wab-r. 

Ralta. iniC! : Umi- plutez 

tables; V. Hoi. ai«!i»lioI, .;piriiii'ly in e.dd watt 


' diluted with benzene forms C,,H|* di-ethyl- 
n- plienyl-raethane and C,iI,o (Dafert, df. 4, 618). 
■r, 12, (J()pi>er at 100^ gives CldiCl,.Cl*liCl, and 


more rnadily in hot. ; small Cl’hHCl.CPhllCl (Onufrowicz,/i. 17, 833). 

goldeu-yxHow enslabi (\Val‘ler, Ii. l'.». 16;;2 j. ' BENZYLIOENE - DI - CHLOEO ■ CHROMIC 

BENZYLIDENE BROMIDE (Ml lh . iV. ACID n. Toi.uknk. 

C,JI,.ClUir,. Inmral hnmoh'. w-Di hioi,uu DI BENZYLIDENE-ETHYEENE-DIAMINB 
Udurne. (130' 110 ) at 20 mm. l'’r.nn bon/.-io G„1I„N, i.e. C,,II,(N;Cll.C..H,).,. [54®]. Formed 
aUbdiydx ami Tl’ir^. Can otily bo diHlilb-d in by lieating etbyleno-diamino (1 mol.) with ben- 
t'rtcJon Siilnim at Iso (oihh tolmme and di- zoic aldxhydo (2 inols.) to 120\ Largo colour- 
Iranzyi (Mich-nd-iori a. Lipp-mnm, lU. C2j 4, , It-sn table.-i. V. sol. alcoliol and benzene, insol. 

j water. Decomposed into its constituents by 
BENZVLIDENe BROMIDE BENZOATE acids (Mason, B. 20, 2701. 

C,.il„lhO, U. CAi,CM .**. -70'!.! «ENZyMpENE.ETHYLENE.DI.SDEPHIDB 

' 11 j I -S.t' It I 

G>lourle-;s laldes or prisms. Snl. alcohol, eth-r, C.II..C!I^ | '. (29^]. Planned bypassing 

and aeeiii .-u-id. 1‘n pared by inisiii;,' ben/.-iMi- 'S.CII. 

by 1c and benzoyl bromide. On dishllatioii it Hi’I/mi into a mivtureof equal niols. of bcuz- 
again docomp.i.si s Info Ihesi? botlies ((d-itsen, B. ^ aMeh\«h’ and etliyleno .sulphydrato. Crystals. 


14, 2175; (•»'. Lieln’;' a. Wt'dib-r. .1. 3. 266). 

BEN/YtIDENE DI BITTVRAMIDE 
Oi.ll, .Vo, i.’’. CJI,.(WI{MI.CO.C.II 1,. Slender 
cr)>t.'lls f.‘(nie<l by he.iling liiilyr.'uni'le wilh 
bon.'.oio aiilehvde (Slreeker, A. V6). 

BlNn'UDENE-DI CARURMIC ACID 
C.ll (11 Nll.CO.lI),. 


Easily Soluble in alcoliol, edhor, and bmizene, 
insoluble in water. V. ry stal»le body. By the 
action of bromino upon the cldoroforin solution 

di-eth\Iene-tetra-sulphido Cii 
formed (rasbenilcr, J3.20, IfiO). * 

BENZYLIDENE DLETHYL.DI-OXIDE 


I D.'iEAC n„N'.0, l>. 

CHf-OHAl AMMONIi |> C O.NlI.C,ll,,.NH.CO.NH.),. 

[136'’]. ' From bcuzohjwaldehvdc and hcptyleno-diurea 
WhitM leulleta. Dueompose.l iiy dilute aehls (Schm'. .1.151. iP.*.). 'insoluble iwwder. 
and by iHnling water. Prep.uvd by the action , BE.NZYLIOfeNE-MALONiC ACID 
uf lH*n.:oie aldehyde ouchioral uiumotha iSchilT, ! l’!i.CH:C{CO 11),.; 196^! (C.); [19.3®] (S.). 

__ 1. the ether by aqueous 

o CHLORIDE C.II^CL i.e. baiyia. —2. From benzole aldtdiyde, malonio add 

^ li.,.(.dlt.h. hVn:,i/ ehloi 'Je. CWo>u^uu<'/. ; an I .-Vo O at 100® (Claisen a. Crisraer, A. 218, 
fencyleue cn.orUie. Mol. w. 161. ^204') at ■ 135). • 3. From beuzoic aldehyde, sodio maloQ- 
‘»t» mm. h.G. I 1*27. S.V. 151-25 (SohiiT, B. ate, and guicial acetic acid at the ordinary ten- 
, peraturo: Ph.CHO + CH,(CO,Na),- 

1 . i^rom benzoic aldohydo and PhClI.CiCO.Nah + H.O. 

i*0ii (Cahoura, A. 70, 39; Suppl. 2, 253, 306), _ The product is diluted with water, sbakso out 



igftia wi& MiMr 
^tlM tOer distiUddoff (Stowt, C./. 49,40$; 
«. ftlMOiflAsen, <4. Old, 129). 

Pro^Uea .—Colourless glassj prisms. SI. 
mL cold water, v. e. sol. hot water, t. sol. alcohol, 
aeeiio ether or acetone, m. sol. ether or glaoial 
acetic acid. Insol. benzene, chloroform or 
petroleum. Does not give in neutral solutions 
app. with BaCU; but on warming such a mix¬ 
ture needles of the salt Ba.i" separate (charac¬ 
teristic reaction). 

Salt.-AgjA". 

Reactions. —1. At 200® it splits up into CO;{ 
and cinnamic acid.—2. Boiling wnU'r decom¬ 
poses it into benzoic aldehyde and malonic acid, 
•omo CO^ and cinnamic acid being also formed. 
8. Iteduced by soef/nw amahjaoi to benzyl j 
malonic acid rh.CiI...Cll(CO,.H)...—-i. hromine 
acts on its soliitiou in chloroform /orming ; 
PhCHBr.CBr{CO.Ji).j [90 ] whence wafer forms ! 
o-bromo-cinnamicacid (.Stuart, C. J. 49, lUKJ). - : 
5. Cold alcohitlic j>ot<tsh forms crystals of j 
Ph.CH(OKt)OII(('t).K),,,whence a silver salt, 
PhCH(OKt)CntC(),Ag), may bo got. The five ; 
acid, if heated rapidly, inolts at 120^-130®, split¬ 
ting up into KtOli and bcnzylidene-tualonic acid, 
which then sulidifies again, and melts a second 
time at 190\ By crystallisation from water the 
aoid is partly split up into alcohol and benzyl- 
idene-malonio acid. —(J. Illir forms /3-bromo-! 
phenyl-iso.succinic acid Ph.CHHr.CH(COjH),^, 
which is decomposed by water into HUr, cin- i 
namic acid and CO^ (Stuart, C. J. 49, 300). 

Ktkyl ether (32^]. (192®) at 17mm. | 

S.(J. ^ Pill. Formed by passing HCl into a 
mixture of malonic ether and benzoic aldoliyde 
or by treating the mixture with Ac^O at KJO® 
(Claisen, li. 14, 3I»). Large transparent cr?B- 
UU (Stuart, C. J. 49, 300). Boils at 308®~3i2® 
with decomposition. 

B£NZYLID£N£ UE8XTYL OX12}£ C„Ilt.O 
U. (CH,),C:ClI.CO.Cn:CH.C,H,. (179®) at 14 
mm. Oil. FreparedbypassinglfClgasintoamix- 


j hj boating uoiikaldlJM {metb/I-giiinoUnri t|||f 
bonzoie aldehyde (Nr beniyliaene ehlori« ^ 
ZnO), (Ja(X>b8^ a. Boimer, B, 18,2606). QUi 
tenjng colourless needles. Sublimable. Sol. ho 
I plcohol. insol. water.—B'fljCr^O, Siat]: vWfj 
8p.iringly soluble reddish-yellow needles. 

BEN271IDENK - (/3) - NAPHTHYLAHWI 
C,1L.I'H:N.C„H,. [103‘^j. From benzoic aldchyds 
• ami <d)-nii|ibthv!amine (Claisen. 237, 2dl). 

BEMZYUBENE. («) - NAPHTHYLAMIlr£-l>- 
; 5ULPH0N1CACID C,„ir„(.N:CJf.C,lij.SO,H[l:41. 
i The sodium halt (A'Na) i« abtained by shaking 
a .strong s<»!iUion of sodinm-(a)-naplitbylamin«- 
sulpbonate with benzaldehydc. By long boiling 
with water it is split tiji into its constituents 
(Calm a. Lange, li. 20, 2(KU). 

B£NZYLlD£NE l>L(d).NAPHTHYL - OXIDE 

.dn/ii/driffs of di-oxij-di- 
ndiththt/l-iilii’iii/l-methane, [lOtr]. Crystalline 
solid. Insoluble in a>iueous alkalis. 

IWmathn. -1. Ity Jicnting a solution of 
(8}'na|>litJiol and benzoic aldehyde in acetic agid 
to 20U', or with addition of H..SO, or IICI on 
the water-bath (Trzeinski, B. 17, 499).—2. By 
wanning benzylideno di-naphthyl di - oxide 
C„H^.CU(O.C„U.).. with ncctio a«‘id and a few 
drops of ilCi. in thcHO rciu'tions di-oxy-di- 
naplithyl-phonyl-methaiifl CJiyClI(C,^11^,011)^ 
must first l>o formed and at once split off H,0 
(Claisen, li. 19, 3317). 

BeuzylideDedi-(i8)-naphthyl-di*ozid« 

i.e. C,ll,.CH(OC,„U,)j. Di-naphthyl 
ortho ■ bi'n.'itlileky<U'. [205'^J. From Iwuizoiu 
aldeliyde (5*3 pts.), (8)-naphthol (7*2 pts.), 
glacial llOAc (30 pts.), and fuming iiCl (2 pts.) 
at 0^ (Claisen, A. 237, 209). Tables, si. sol. 
CUCl, and C.S^^, v. si. sol. alcohol and other, 

' insol. alkalis. Cone. gives, on gcntlo 

' wanning, a deep-red solution. llOAc and some 
: HCl 8lowlj*c</nvert it at 100® into henzylidone- 
! di-naplithyl oxide, a change which also occurs 
' when it is heated at 2\0®. 


tureof mesityl oxide arnl lienzaldehyde (Claisen, 
B. 14, 351). forms a tetrabromide [118®]. 

B£N2YLIDENE-METHYL-KErOLEC,,II«Nj 
[248®]. Colourlo.ss plates. Formed by reduction 
of dimothyl-rosindoio CjjH,. 4 N 2 with zinc-dust 
And NH,. It is oxidised in acetic acid solution 
by FejCl, back to di-njelhyl-rosindole (Fischer 
a. Wagner, IS. 20,810). 

BENZYLIDENE-Dl-UETHTL-DI-OXIDE 
0,H,CH(OMe)2. Di-mdhyl (krivative of benzoic 
ordiioaldchyde. (208® cor.). From benzylideno 
chloride and NaOMe (Wicko, A. 102, 363). 

BENZYLIDENE - DI - METHYL-p-PHENYL- 
IHE-DIAUINE C„n,.CH:N.C,H,.NMc,. UenzyU 
idem •amido - di • tnethyl -jxniline. Mdlnjl- 
phenyUne-diamide of Unzoic aUUhyde [98®]. 
OUetoning plates or needles. Sof hot alcohol 
And benzene, si. sol. cold alcohol. Weak Paso. 
Fonned by mixing benzoic aldcliyuo ami M-di- 
methyl-p-phenyleno-diaminc, either directly or 
In Alcoholic solution. By UCl it is solit up into 
its generators.—B'Tl^Clj: white solia (Calm, B. 
17, 2940). 

BENZYLIDENE- (Py. 3)-lCETKTL.<lDIN0L- 
OTC,^.,N U. 

XH:CH 

I 

\N : C-CH - CH.C,H,(?). [100®]. Formed 

Toa. X 


! BENZYLIDENE OXAMIDE 
: Formed by warming oxamio other with benzoio 
I aldehyde (Mcdicue, A. 157, 50). Lamina, 

I BENZyLIDEK£.PH£,nri.-DIAXnrE «. 

' rilKNYL-BKNZAMlUINR. 

DIBENZYLlDENE-p-PHENYLENE DI^ 
, AMINE C,„iI„N2 i.c. C,H,(N:CHFh)2. [140®]. 

‘ From p-phenyloncidiariiino and benzoic aldc- 
^liydo at 120'* (Ladentmrg, J5. 11,590). Plates 
I (from alcoliol). Besolvcd by hot UuIAq into 
the parent Bubatances. 

BENZYLIDENE PHTHAB-BCHYL-IMIDINE 
C„H,.ONi,(!. C.il,<°'‘ * Ethyl- 

iththuldnyi-benzyl [c. 77®]. Foi mod by boiling 
I the ethyl-amide of def^ylwjnzoiii-o-carboxylio 
acid C,II,(CO.NHKt)CO.CH 2 .CJi, with acetic 
acid. Plata'S. V. sol. alcohol, benzene, benzoline, 

■ and CS.. (Gabriel, D. 1«. 2433). 

I BENZYLIDENE-PHIHALIDE C„H„0, U 
I ‘99'’!. ncmylideiu. 

i phthalyl- Anhydride of deozybmzOinearioxylk 
acid. 

Formation. 1. By heating phtli.iic .nhy. 
dridc (3 pts.) with phenyl-acetic acid (6pta.) and 
NaUAc (1 pt.) (Gabriel a. Michael, B. 11,1018). 

XE 
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BENZYLlI>£^?IErS4SIRS 


I. By hQfttlng phtbalyUphenyl-acetio aold in 
4;aeuo (Oftbriel, B. 17, 2526). 

Pr$^ratim,-^k mixture of 100 g. phenyl- 
4MeUoaoid, llOg. phthalio anhydride and 2^g. 
dry flodium acetate is heated for 2 hours, and the 
product crystaliisod front alcohol; the yield 26 
75-7H p.o. (Gabriel, IJ. 18, 3170). 

I*n>pcrtm .—fjong prisms (from alcohol); 
insol. water, si. sol. cold alcohol. * 

JCcartion^.^l. Hot aqueous KOII forms 
ixjta^i.dum deoxybenzom carboxylute. —2. liy 
Itoating with alcoholic Nil., at 100'it is con¬ 
verted into «h‘oxyl)onzojn • carboxylamido 

which by solution in H.SO* 

or by boilhig with glacial acetic acid loses II.^O 
giving benzy!idono-i)hlhaiimidino(phthalimidyU 

benzyl) 11.-3. Simi- 

laxly ethyl amhifi yields the ethyl-amide of de- 
oxyltcnzoiti carboxylic acid, and this on boiling 
with acetic acid gives henzylidene-phthnl-ethyl- 

imiaiiio ((labrici, B. 

18, 213.3).-4. By dissolving in benzene and 
treatment with nilroiitt acid gas it yields 

(Oaliricl, II. 18, 12SI). 

I!••fl■rem■es.— V. Cvano- and NiTRO-nRNZTL- 

IDKNI; fUTUAMIU?. 

Benzylldene-phthalide-di-bromide 
(mr( C,,,,r.C.Il.)>„ 

by till! coniliiiiatiun o( hnnzyliiloiio-plitlialiilo with 
liriimimi (dahriol, II. 17, 3337). Tliii-k glisten¬ 
ing prisiiia. Sparingly aoliililn in alcohol. 
(/sol-BonzyUd.n.-phthalido C,,a,„0, i.c. 

I . [111°]. Formed by reduction 
CO.O 

of nitro-benzyUdeuo phthalide 
C.ll.<‘^*"'^'^|,/*‘^‘"'>>OwithIlian,IP. Pro- 
pared by roductiou of nitro-bciizylidenn- 
phthalido; yield, 47 p.o, of the phenvl-acelic 
ooid employe,1 to prepare tho ben/\*Iidene. 
phtlmlido {(lubriel. H. IH. 3171). Flat eo'lmirlesa 
needles, Kasily aoluble ni ulenho! and benzem* 
sparingly in ligrom. By further ivtluetloji wiili 
Hi and 1' at 2()()'^ it yields .^-iii-pli(>nvl cthano 
o-carboxylio acid (!.Il..(H[..OIl..G H 
By bojlingwth aqueous NaOU it ’ll converted, 
into deoxybenzeiu - o • eurboxylio a<*id 
tr'i I ^A’;’ 1 Iratod with alcoholic 

Nil, it givra •iadhonzylhlono phthaliiuidiiio 
/dI:O.C,lI, . 

C.1I\ I {Oaliiii-I, B. 18,3115). 

\co.Nn ' 

BEHZ Y LinENB-FSTHAL-IHISINE 

[183^J. Y.-Ilow plato.,. Formed 
inim Iho amide of (lcovyl„.iizoitvo rarlioxvlic ' 
•r>'l; ,U.(Ci).NlI,l.Ct),dll,.C.H, hr soliitioi; in i 
il'ij' ‘’“‘'"'K ''itl' arctic: arid ((iabriel, | 
■II. 18, 1.1.1). I. also BnoMo- niut Nrriio bekzti,. 
ttiiiNi: vnnmiMioisR. I 

.«.^***^*'^*^^***®**®*P^^^*^'”*it'iti* r. (f’tf. 4)-Ozv- ^ 
(Pp. 8).riiixvi,-i8ooi!iS'ii,ra*. i 


Bxxznn)sirz.Dtinpii^n(x 

[81®]. Fomfld by heati^ 
pipendine with benzoic aldehyde. ColourleM 
prisms. Very unstable, being decomposed even by 
boiling with water. Dilute acids resolve it into 
benzoic aldehyde and piperidinefliBun, B. 17. 6781. 

BENZYIIDENE-KHODANIC ACU) 
Ci„II,NS,0 i.e. O.IIj.CH:C(.SH).C0.8,CN. [200°]. 
Formed by the action of benzoic aldehyde upon 
rhodanic acid in presence of dehydrating agents 
(Ncncki, B. 17, 3378). Yellow needles, sol. 
water. liy lieating with baryta-water it is 
split up into a-8ulphydro-cinnaniio acid 
C,H,.CH;0(HII).CO.,n and liydrogen snlpho- 
cyanide. Heated at 410° with colic. 11,80, 
(4 pts.) it is converted into bcnzylidene-rhodanio. 
oxy-sulphonio acid 0,.H,NS,0, (Oinsbarg a. 
Bondzyiiski, B. 19, 119). 

BENZYIIDENE-KHODANIC-OXY-SULPHO- 

NIC ACID C,„1I,N8.;0,. Formed by heating 
benzylidene rliodanic acid with cone. H,SO, (4 
pts.) at 110°. -Needles, V. sol. water and 
alcohol. Very strong acid (Giiisburg a. Bond • 
i zynski, 11. 19, 119). 

! BENZYLIDENE - EOSANILINE C„H„N,. 
From rosaiiiliiie and benzoic aldciiyde by heat 
' or by siiaking with SO.Aq (HcliiH, 4. 140, 111; 
IH(;7, 170). -B'.ll.PtCl,. 

BENZYLIDENE ' SELENIDE C»H,CHSo. 
Sfiloio-hnrroir aldvhyth. [70°). From benzyl- 
idene chloride and alcohol K,So (Cole, B. 8, 
110.5). Yollow needles (from alcohol), insol. 
water. Not attaokcil by NII,. 

BENZYLIDENE-DI-SKATOLE C..II 0 ..N, i.e. 
PhCH(C„HgN)-^. From skatofe (2.‘, pts.), 

benzoic ablohytio (I pt.) ami a little “ZnClo 
(Wenaing, A. 230, 241). Insol. water; v. sol. 
hot alcohol and ether. Boiling IlCi does not 
Bj*lit off benzoic aldehyde. 

BENZYLIDENE SULPHIDE v, Tiiio.benzoic 
AlSkiiyi)]-:. 

BENZYLIDENE THIO-BIURET CJI,N,9., i.e. 
C.)I..CI1<N;^J«H)>N1I(?). [237 J. Formed 

by lieating benzoic aldehyde with ammonium 
snlphoe.vaniile at 137°-]05° (l)nidsky, ill. 8,27). 
Minute pii.sins (from alcohol); insol. water, si. 
sol. cold alcohol; sol. dilute KOII. Boiling 
I baryla-water forms benzoic aldehyde, barium 
; snlpliocyanide, and di-plienyl-tliio-urca. 

’ rlof (i/f rfcrieoiiiic C,l£,Ac,N,S.,. [189°]. 

BENZYLIDENE o-TOLDIDINE C„II,,N «... 
Cun,.Cll:N.C,.ri,. 0 £I, [l:2j. BenzaltifUyde o. 
toluide (.314°). From o-toliinliiic and benzole 
aldehyde (Utard, C. B. 95, 730). Itcsolved by 
boiling water into its generators. By passing 
through A tube heated to dull redness- it is con* 
verted into jjiheiiyl.indole 

(Pic^t, B. 19^1003). 

Bennlidene-jj-tolnidins 

C,U,.C1I:N.0,I1,.CH, [1:4]. From benzoic aide, 
hyde and p-toluidine at 100° (Scliifl, A. 140,96; 
Koliler, A. 241, 369; Mazzara, 0. 10, 370). 
Melts below 100°, but changes at 100° into an 
is 0 MIC rlife [120° -125°].—B'.H PtCl,. 

DI-BENZYLIDENE-TOLYLENE-DIAIIINE 
C,,U„N, ,-.e. C.H,Me(N;CHt'li), [1:2:4] [123°. 
128°). irrom benzoic aldehyde and tolyleoe- 
di.amine at 100° (Scliiff, A. 140,98). Neutral 




sijriUlUiM mmiU 140^.110^ H giTit vn*-13. Vttm ^ttuylidone-ixii^ooio t^d hfwokmu* 
riiw. _ _ I araalgMn. 

BBKSnrZilSZHS’BMJBXA CpHcNiO, tAl Properties.^TnoMtdo orystals, sol. w*Ur, 
C«HM0H(NH.C0.NHi)j. Bensaldehydedi urc'Uh •. alcohol, and other. Splits up at 180® into 00, 
(195®]. Fomiod by adding benzoic aldehyde to , and S-phenyl-propionic acid, 
analcoholfe solution of urea (ScluiT, .4. l.'fl, llt2). ; * Ethyl cthtr VAA'\ (.'tOO'^). S.O. 1*09 
CrystaUine powder, insol. water and ether, sol. (Conrad, J. 204, 174;^ B. 12, 7.V2h .Soilimn 
alcohol. i benzvi-rnalonio ether is converted hy io<liiio 


Di-beosjUdene-tri-urea C,.lL„N\Oj. I'owder, 
formed by heating urea witli heii/.oie nldeliyde. 

Tri-benzylidene tetra-urea 
(o. 210’}. Powder, fonned by "heating benzyl* 
idene-di*urea with benzoic uldeljvtle. 

BEIfZYUBENE Dl UBETHANE v. PiiXZYL* 

n)BKn-M-CAJU;AMH’ \eji>. 

BENZYL.IND0LE C„H.,X U. 

0,H.<j.p*}f ^CU. From its enr- 

boxylic acid (q. r.) by heat. Ycllowlsli nej-dles 
(from alcohol). V.sol. bruj/cne, light petroleum, 
chloroform and ether. Turns pine woo I mois¬ 
tened with llCl yellow. l’icratofi*rms red needles. 

BEKZYt-lNBOLE CARBOXYLIC ACID 

o,.n„KOi x.f. }j >c.co jr. [los’, 

with dooinnpo,-.ili'in]. Pyruvic acid coiiihinrs 
at irr witli It' iizvl-iih. iivl-liydrazitie, forming 

"ClI^.CiCO.UcN.Nl’hC.ll.. when.o JlCl at 100’ 
forms b<‘ii/.yj-iiidol eaiboxylic acid (Anlrick, J. 
227, 302). 

iVo/'.’/7;V,s. -Ct)b>uib‘<-? needles (fr-nn gia-ial 
acetic acid). SI. nob watt-r, chlorofonu. and 
potrob urn, sol. ether ftn<l alcoliol, v. si. sol. 
benzene, (lonverled by heat into CO., and 
benzvl jndr)!e. 

BENZYL IODIDE C Il.l ♦.«. C^lf^.CH,!. 

[24®]. S.G. 

Phrin.iHo}!. - 1. From ben/.yl alcohol in CS_. 
and ii.»didt5 of )'bo-;pbnru«.• 2. Slowly formed* 
by the action of cold JII (S.G. I’UO) on benzyl 
clilorido (Liob. ii, (2) C, 73t:).--:{. 
benzyl chloride and KI (V. Miyer, J). 10, 
311; Kmnpf, A- 221, 120), Znl,,, or Pbl. (J)rix, 
/I. 225, 151). 

Propertu's. -Crystals: decomposed by di.s- 
(illation. Gives benzyl acelato with AgO.Vc, 
and tribcnzylaraine with aleoholio NII^. Silver 
nitrite givc.s benzoic aldehyde and ae,id (Van 
KeQC8.se, B. U, 1151; lirunner, IS. 0, 1711). 
BENZYL. (pc;e»(Aj).ISATIN C,jH„NO, i.8. 

^CO. [131®]. From benzyl-indole 

carboxylic acid and NaOCl in feebly alJvaliuc 
aolution, the insoluble chloride tlien produer.d 
being Bubscquenlly hoiled with alcolioiic KaGil 
(Antrick, A. 227, 3t/5). 

—Slender needles (from alcohol). 
Kl« sol. water, sol. ether. Shows the indopht nine 
reaction with ILSO, and crude b iiz< ne con¬ 
taining thiophene. • 

DI-BENZYL-KETONE C,JI,.0 U • 
CO(OH,Ph).;. Di‘p}tcnyhacetone. Mol.#w. 210. 
f30'). (.320*®). Formed by the dry uiidillation of 
barium phenyl-acetate. Prisms. (irO, oxidises 
it to benzoic and acetic acids (PopolT, B. C, 
6r>0). Reduced by HI at IBO® to di-bcnzyl- 
uiethane (Oraebo, B. 7,1C23). 

BENZITL-MALOHIC ACID U. 

C H,.CH,.CH(CO.U)^ Pb«nyf-i30.<iuecinic acid, 

tin®]. 

Forntafton.—l. By saponificatiunof its ether. 


; dissolved in ctlur into 

j which is converted by alcoholic .K(>il into 
• cthoxy-henzyl-malonio ether (Bisch-iT a. Ilaua- 
d»»rfer, A. 230, UO). Convi-rted by alcoholic 
Ml, into the amides Cll.i’li.CIBGONIJ..), 
1225^'] and ClFPh.ClUrG Kn^GGMl,) [98®] 
(liisohofT n.Shd»-rt, A. ‘Mi). 

Di-benzyl-malonicacid (C ll ,.C1IJC(C0J1),, 
[172’). P.; ilOd' j (H. a. 11). V'onm'd'byifaponify. 

I ing the other (Perkin, C. J. -17. 821). Slender 
; n-'flles (from water) or tliiek prisms (from 
: aleohol). V. e. R(d. ether and alcohol, m. sol. 
))ot water, si. sol. hot ligroin. (Jives di-bouzyl- 
ftcetie acid on lieating. 

i Ethyl ether (0„U,.CIl.),C(CO,E0,. (250 ) 
j at 40 mm. S.G. P093. Thick ytdlow 
I liijuid. Formed by the action of benzyl 
chloriilo uj)on sodio-malonio ether. By heat¬ 
ing wiOi alcoholic KOii it is converliul into 
(li benzyl-acetic acid (Leiltnann a. Schleich, 

' IS. 20, BUt). Couvortod by tn.'atinent with alco- 
: holic ammonia into CG.Fl.CII((J.II-).CO.NlI;, 
and (CO.NilJ Gll.ClI Ph, benzyl being split off 
(BiscliolT a. Siebert, A. 239, 97). 

THI-BENZYL-MELAMINE 
(G,n;..Gir.NIlCN);,. Fonned spontaneously 
from ben/yl-cyunamido hy isomeric chungu 
(Strakoseh. IS. 5, C9i). - irollCl. 

! BENZYL-MERCAPTAN C II.S i.«. 
C,n,.CJJ,.SH. Mol. w. 121. (19.5 ’). H.G. 

l o.'iH. Fnun benzyl chloride and KHS in 
jil.Mihol (Mareker, zl. 130, 75; 140 80) Pungent 
li(|iiid witl«..iliac(:;ous odour, 
j Salta. -(0,ll,8),ng: needles.-0,11,SUgCl. 
' * (G..Il,S),Pb. 

; iienzoyl derivative CJI^.CH^.SBz. 
! C'olourlcss crystals (Otto a. Ijiiders, B. 

13, 128.5). 

Ethyl derivative C,II,SKt. (210®), 

BENZYL-HESITYLENE i.e. 
CJl^.CIl,.0,H,Moa. [30®J. (0.302). V.D.7-36. 
Prej)ared by boi I i ng bon ry 1 ohlon’do with mesityl. 
enu in prestmeo of A];,C1( (T^ouise, A. Ch. [0] 
! 0,170, C. li. 95,1K3). l^risms; ▼. iol. alcohol, 
; (thor, and binzeno. 

IteactMis. — l, HI at 180® gives toluene and 
incsitylone.—2. CrO, gives benzoyl-mesitylene. 
I 3. UNO, forms a kri. nitro - derivative, 
i [185®J and an acid (966°].—4. Passage llirough 
' tt red-hot tubofornjH two dl metliyl-anthraconcs, 
^nthracei e, and phenanthrene. 

Di-bsasyl-mesitylene • (C.li .CH.lA^lMo,. 
[13!°]. (.35.5^) at 120mm. From ! fnzyi-mcBityl. 
cne, benzyl chloride, and AlgCl, (Louise, A, Ch, 
[Oj 107). MintJte prisms. 

BENZYL-METHANE v. Ethyl-benzekr. 

Di.benzyl.methane v. Di-pn£KTL-piu>rANB. 

BENZYL XUSTABD OIL v. Benzyl Tiiio- 
c.vnntutDS. 

BENZYL-METHYL-ACETIC ACID v, PnzsxL- 

180-B0TYR1C ACID. 

BENZYL-METHYL-ACETO-ACETIC ACID v. 




C|H,.CH,NMe,. Di-mtthyl-bentylamine, (184°). 
Prom bensjrl chloride and alooholic dimethyl- 
amine (Sebotten, B. 15, 424; Jackson a. Wing, 
^nt, 9, 78). Oil, miscible with alcohol at^ 
ether. 

Halts.-«B'lICl.-»B'HNO,.-B'H,PtCl..- 
B'jH ,l'’cCy,.-B'JI,ZnCl,. 

Mnihylo-chloride B'MeCl: white cryslals, 
aol. water, V. si. 8oI.Nn,CO,Aq. -(B'.\I«Cl),rtCl,. 

BEN2YL-TET8A.METHYI.BENZEHE 
C,H..C14C.IJMo,.[1:2:3;t;6]. [61°]. (c. 310°). 
From bcnzoyl-iso-durcno and fuming HI at 
250° (Essner a. Oossin, Bl. [2] 42, 170; A. Ch. 
[OJ 1, Oil!). 

BENZYL-METHYL-CARBIKOL 
®«Hj.CH.,.CH{OII).CII,. (215° i. V.). From 
benr.yl mctiiyl ketone and sodium-amalgam 
'.Errora, O. 16, illO). 

BENZYL-METHYL-GLTOXIB C,.H„N,0,.i.e. 
C.H..CH,.C(NOIl).C|NOH).CH,. [181°]. Forced 

by the action of hydroxylaminc hydriwlilorido 
on isonitroso-bcnzyl-acctonc (Hchramm, II. 16, 
180). .Small white noodles. Sol. alcohol and 
ether. Sublimable. Weak acid. 

Ili-acctyl.derivative C|JI„(NOAc).,— 
(80°), small white crystals (Schramm, B. 16, 

BENZYl-METHYl-KETONE C,H„0 i.e. 
CJI,.CH,.CO.CIfj Bhenjit • acetone. (215°). 

B. ll. ' 1010. Produced, together with acetone 
and di-bcn/.yl-kotono, hy distilling calcium 
acctato with calcium phcnyl-acctate (Otto, J. 
pr. [2] 1, Mt). Unites with NallSO,. By 
heating with cone. H.SO, on the water- 
bath it is converted into the sulnhonic acid 
0,H,(S0,1I).CH.,.C0.C1I,*, but by heating quickly 
to a higher temperature it is sjdit up into 
«-toluonc-8ulphonio acid C„H,.CU...SO,H and 
aoetio acid (Krckelor, 11. 10, 2625). ' 

BENZYL-METHYL-KETONE BtLPHONIC 
ACID C,ll,(SO,n).ClI,,CIt,.C().CH,. Formed 
by the action of fuming sulphuric acid upon 
bon/.yl methyl ketone in the cold.—I’bA', 
(hrekeler, Ii. to. 262,1). 

benzyl-methyl-malonic acid 

i.e, O.II,(!|l,.CMelCO.Il).. [135°]. 
Colourless crystals. 1‘rejiarcd from'the ether. 
On heating it gives CO., and phonyl-iao-butvrio 
acid. 

Di-rthyl.ether A"Et,.^ (300’). 8.0. 

1;061. I’rejiared by the action of benzyl chlo¬ 
ride on sodio-methyl-malonic ether or of methyl: 
iodide on sodio lieiizyl-malonio ether (Conrad a. 
Bisehoff. It. 13,/,«)(; A. 201, 177). 

BENZYL-METHYL OXiDE C.II,CI40.CIt.. 
(170 ). Irom benzyl chloride and KO.Mo 
(taliours. (’. n. 80,1317). 

®E®ZYL.METHYk.PIPERIDlNE ' 

C, H.N(C,ll,)(i.,ll,). (245°). Colourless fluid, 
horiiied by dry distillation of tho alkaline 
hjdraic produced by tho action of moist 

(U lltl),l ICl, (bchotten, II. 16, 42.1). 

W - BENZYL . METHYL - (jwioio). THIO - 
BKBAC|.ll,.N,8i.«.CH,S.C<^;^^‘jj . Formed 

itmcthvl iodide 
»at« ' °^«r, insol. 


large Hiomhb taUai.—* ' 

[146^, gU,^ 

alcohoL [99°]; oetshete; ▼. aid. warm 

alcohol, si. sol. hot water_■ 

sparingly soluble four-sided prismsfBeimame 

B. 19, 2348). ' 

(a)-BENZYL.NAPHTHALENE 0„H„ U. 

C, H,.C1L.C,.II,. [59°]. (o. 330°). S.O. U i-lgg 
8. (alcohol) 3 3 at 78°; S. (ether) 50 at 15°. 
From naphthalene, benzyl chloride, and zinc- 
dust (Frot6, 0. B. 76, 039; Miqncl, Bl. [2] 26 
2 ). Monoolinio prisms. Dilute HNO. produces 
phenyl (a).naphthyl ketone [75°]. 

Sulphonie acid C„II,,SO,n.—KA' ao : 
needles (from alcohol). * 

(8)-Benzyl-nsplithsleue C,.H,.. r66°i 
(c.315°). 8.0.51.170. S. (alcohol) 2.26 at 15° 
I'ormed, together with the preceding, by 
heating naphthalene with benzyl chloride and 
AI,C1. (Vincent a. Koux, Bl. [2] 40,163). Mono- 
chnio prisms (from alcohol); v. e. aol. benzene 
ami chloroform. Nitric acid produces phenyl 
(8)-naphtliyl ketone [82°). 

BENZYL-(a)-NAPHTHYLAMINE 
0,n,.CHj.NlI.C„H., [67°]. From naphthyl- 
amine and benzyl chloride (Frotd a. Tommasi, 
Bl. [2] 20, 67). 

BENZYL-NAPHTHYL-KETONE 0„H„0 i-C. 
piiJI, -“CO - CH,.C,.H,. [57°]. Tables. Prepared 
by the action of Ah,Cl, on a mixture of phenyl- 
acetyl chloride and naphthalene. On reduction 
with HI it gives phenyl - naphthyl - ethane 
(Clraebe a. Bungcner.D. 12. 1078). 

BENZYL - NAPHTHYL - METHANE o. 
PHKtlTI,-NAraTnYL-KTIHNR. 

BENZYL-(fl).NAPHTHYL OXIDE 
C.n, CH-.O.C,.H,. [99°]. White plates. Pre- 
pared by tho action of bGn7syl chloride on sodium- 
(3)-naphthol (Staodel, D. 14, 89U; A. 217. 47), 

• BENZYL-NABCElNE v. NAnoKiNE. ^ 

BENZYL . NITRATE C.II,,CH,.NO,. Is 
perhaps formed by the action of benzyl chloride 
on AgNO, (Brunner, B. 9, 1745). 

BENZYL-NITEO-ARBUTIN f. p. 298. 

BENZYL-NITKO-PHENYL-ti. NiTno-PHXKTL- 

BENZVL-. 

BENZYL-ISO-NITROgO-MALONIC ACID 
0 bH..CII,.ON:C:(CO-H).,. From its other. The 
potassium salt on dry-distillation gives KCN, 
potassium carbonate and benzyl alcohol. 

Bt-ethyl ether A^Tlt,. Prepared by the 
action of benzyl chloride and sodium ethylate 
oil iso-mtroso-malonio other (Conrad a. Bisehoff, 
li. 13, 599). 

BENZYL-NITBOSO-MALONYL-DREA o. 

Demyl ether of Vrotciuc Acin. 

BENZYL - OXAUTE C„H,.0. t.s. 
(C,H,,CH-),C^ 04 . [61°]. From benzyl ohloridc 
ami silver oulate (Boilstein a. Kublberg, A. 147, 
Silk Scales (from alcohol); may be distilled. 

BENZYL OXAMATE C.H,NO, 
t.c. NH..CO.CO,.CII.Ph. [135°). From 
NHa.CCI,.COj.CH.,I’h and benzyl alcohol (Wz2- 
laoh a. Bicbmann, B. 13,507). 

DI-BENZYL OXAMIDE C,.H,.N.O. U, 
C,0,(NTI.CII,,Ph),. [216°]. From oxalic ether 
and penzylamine; or by boiling benzylaminc 
cyanide with HCl (Strakosoh, B. 5, 694). Scalci 
(from alcohol). 

BENZYL-OKANTHBANOL p, OxAMTHBunxk 



«’g nyn jacaa. 

BniTIrOXT.BBnOtO ACID «. On- 

nmn-BuizoK) acux 

BMZyi-OXY-BOTTBIO ACID « Oxx- 

9limZ»>TALBBia ACID. 

BKHZ7L-OXT*MAItOKlC ACID v. Benztl* 

TABTBONIO ACID. 

BBHZYL-OXY.8DtPHIDE v. Di-benzyl 

fiOIiPHOXlDE. 

BEKZYL . PHENANTHEESE C«H,. i.f. 
CHyPh.C,,llg. [156^j. From ben;.>i chlori.lo, 

S henanthreiio (f/.r.) and zinc-dust (Ooldschmiodt, 
f. 2, 414). Keodlcs (from benzene). CrO, gives 
benzoic acid and phenauthraquinone. 

p - BENZYL - PHENOL C„H,,0 U. 
0^,.CHj.Gsn4.0H[l:4]. Oxy‘<Jui)}icnyl-iMihune. 
Mol. w. 184. [84®J. 

PVrwation.—1. From phenol, benzyl chlo¬ 
ride and zinc-dust (Patemo, O. 2, 2; 3, 121).— 
2. From bcnzovl anisol and HI (Patcrno, B. 
5, 288; (}, 1282).—3. From l*hO.\c and 
alone or with AljCl,, and saponifica¬ 
tion of the product (Perkin, jun., a. Hodgkinson, 
C. J. 37,722; Keunio, 0. J. 41,228).—4. Jly 
heating phenol with benzyl alcohol and ZnCl, 
(Liebmann, B. 15,152).—5. By diazotising p* 
amido-di-phcuyl-inethano and treating the pro¬ 
duct with water (Busier, Ji. 18, 2719). 

Properties.—Long needles or plates (from 
alcohol). Sol. KOH.\q but not NH,A<]. 

litactions. -- 1. Distilling with P.^Oj gives 
benzene, phenol, and anthracene.—2. By 6ro- 
minalion and nitration, or by nitration and 
bromination it gives the same bromo-nltro- deri¬ 
vative, when treated witli HNO;, in 
forma C,U;(OH)(NO,),Br [1:2:4:()]. Hence tlio 
bromo-nitro- do.ivutive CsH.(OH)(C,H.)(NOJBr 
is either or [1:4:2:CJ. But the oxida¬ 

tion of C,H..Cll,.C„H,0.\Ie to C«H,CO.C,H,0.\Io 
[1:4] shows that the arrangement is fl:2:l:l'i • 
8. Phoapliorus ))entachlori<Ie forms (C„H„),i’0, 
fftioi Chloro-acctic acid and KOH convert 


---- ind bwaophasottt jhw 

Kyrieaeid. ' 

o.B«aiyl.(lipli«ayl (?). [54®]. (c. 285®) «! 
110 mm. Prepared as above. Monoclinio 
needles, CrO, oxidises it completely. 

Di-beaxyl-dipheayl 0„n„(ClI..Ph),. (118®). 
From di-benzoyl-diphenyl and Hlat 170^ (Wolf, 
B. 14. 2032). l.aminiD (from alcohol). 
BENZYL-PHENYL- v. Phenyi.-bknzyl-, 
BE.SZYL-DlPHENYL-AmNE r. Dmhkntl- 


Lenzyl-phenol into CIljPh.C«H,.O.CII...CO,H, 
[100*5), while GII,.CHCI.CO,H and KOH give 
rise to Cll.J^h.C„H,.O.CHMo.CO,lI [102 J (Maa- 
zara, G. 11. 437; 12, 202). 

Methyl derivative CJI,.CH,.CJI,OMe. 
BtnsyUanisol. (305’). From anisol, benzyl 
chloride, and zinc. Oxidised by alkaline KMnO, 
it gives the metliyl derivative of p-benzoyl- 
phenol. 

Acetyl derivative Ph.CII .C H,.0.\c. 
(316®-820®). 

Benzoyl derivative PliCH,.C.H..OBz. 
[ 86 °]. 

Sulphonic acid C,K..C,H,(SO,H)(OIl). 

Salts.—NH|A‘aq: needles. - KA': feathery 
crrstals. -BaA',.''-C„H,„SO^Baa<i: minute erys- 
tals.—These salts are all spt^ngly soluble 
(Kennie, C. <7.41,34; 40,406). They, as* well 
as the free acid, give a violet ooly.ir with P’e.C).. 

p-BENZYL-DIPHENYL C„H„ 
C,H,,CH,.C.H,.C„U,. [85°J. (280’1 at 100 mm. By 
heating benzyl chloride and diphenyl with zinc 
dust at 100° two benzyl-diphenyls are produced 
together with traces of anthracene. Tiie p- 
hydrocarbon is less soluble and solidifies more 
easily than its isomeride (Ooldschniiedt, if. 
2,438). Leaflets or needles, m. sol. alcohol, v. 
•bL benzene and ether. CrO, oxidises it, to 


j deszvl-amink. 

I w-DI-BENZVL.p.PHENYLENE-lUAlIINI 

! HJ.N(CH.^.C„H[1:4j. «•! 

■ aniliHe. [OO’J. Obuiiiod by ivduction of p- 

; iiitro-di-benzyl-anilino with tin and HCl. tllistcn- 

1 iiig coiourle.ss V. sol. etluT and hot 

r alcohol, si. sol. cold alcohol. Willi Fo.p, it 
j gives a deep-red colouration, with FeX’l, and 
i IDS a blue insoluble pp. By cono. HCf at 170® 

; it is coinpletoly rt‘solve<l into benzyl chloride 
! and p-))honylene-diamino. 

! Bemaldehyde compound 
< C,.U,.CH(UH).NH.C„II..N(CH,.C„H,),. [130’’1 

Microcrystalline yellow pp. V. sol. benzene, si. 

; Sol.ether.insol.alcohol(.Matzudaira,/i.20.1014). 

BENZYL-PHOSPHINE C,H,I' i.e. 
C..HyCH,.l’]F. (180°). From benzyl chloride, 
PH,I, and ZnO (liofmann, B. 5, 100). Oil, 
volaUIo with steam. - B'Jlf: dccoinposod by 
water into its compouents. 

Bonzyl-triotbyl-phosphoiiiam chloride 
I P1‘H,(CH^1'J))C1. From lienzylideno chloride, 
tri-ethyl-phospliine and alcoliol (liofmann, A. 

, Snppl. 1, 323). 

I Di-benzyl-phosphine (CH..rh),rH. [205°]. 

I Prepared together with the preceding, and sopa- 
; rated by Bteuni-distillation, not being \i*!,;lile. 
j Orou|)fl of needles (from alcohol); iiisol. acids. 

I Tri-benzyl-phosphine P(C 11. Ph),. Appears 

; to bo formed us a by-proiluct in tlio action of 

■ benzyl chla.ideon P.Na, (Letts a.Collie, Tr. A'. 80, 

I IKl). Splits up on distillation into pbospliorus, 

s-di-jdieriyl ctliUone. diben/yl, and toluene. 

I Tri-bonzylphospliino oxide ((•HjjJ‘h),PO. 

: [213"). Formed by hcatingPll,! with benzylid- 
, ene chloride aH30" andbt/iling tho product with 
I alcoliol (Fleissin^r, B. 13, 16G.5), Formed also by 
1 the action of cone. Ba(OH),ontetra'honzyl-phos- 
l»honium acid sulphate; a weak solution of 
; baryta giving P(C,H,),OH (Letts a. Collie, Tr. B. 

I 30,181). Needles; insoJ. wu1<t, sol. alcohol and 
! ctlier. (C‘ H„PC),HgCl,. (0„H,,PO),Fe,Cl., 
(C„IL,T'0),CoCl,. - tC„Il.,PO),PdCL. — 
j (C„H„PO),PtCl,. - (C,,H,,PO),ZnI,. — 

i (C,.IL,l'0),Br,.* (C,,H,.PO),S. 
j Tri.btnayl.pbosphino sLlplide (CIIj,Ph),PS. 

, [206’j. Obtained hpdistiiiing tho acid sulphate 
: of lulra-lxjnzyl-phosphouium (Letts a. Collie). 
,Ijong thin needles, in. sol. alcohol. 

Tetra-benzyl-phosphflalum hydroxide 
P(^ H.),01I. [over 200°). Obtaoied by adding 
Ba(d>, to the suljdiato. Ithorntiohedrai plates; - 
V. Bol. water and alcohol ; alkaline to litmus. . 
Decomposed by beat into P(C,n,),0 and toluene. = 
Tetra-benzyl-phosphonium salts. i 

Chloride P(CH,Ph),Cl. [224°). From 
, benzyl chloride and PXa, (L. a. C.). Crystallises 
. from water with 2aq, and from chloroform with ! 
j CHCl,. Bplit up by heat into tri-benzyl-phos- 
' phine, s-di-phenyl-ethylcne, and HCl. 
i Blatinochioride (P(Cll,Ph),Cl|,PlCJ,. " 


KW 


raUZtMHOSPHITO 


SufphaU*. - jP(0,H,),},SO,! IW- - 
«0,H,),SO,H! [217^. 

Oxalatt P(C,H,).0,0,H: needles. 
BEK2TI.-I80-PHTHAI|I0 ACID C,.H„0, t.«. 
O.H,.Cn,.C.H,(CO.^).. [243'']. From beneojl. 
l«o-plirtmlio acid by reduction witli sodium- 
omalitiim (Zinclc, B. 9. 1765). Crystalline 

powd(!r, V. si. sol. water. BaA".—CaA''ai].^ 
Bensyl-terephthalie aeid 
C,H„.ClIa.C,Hj(CO,H).,. Obtained by rcduetion 
of benzoyl.terephthulic acid {Weber, *1. 1878, 
403). BaA". 

BESZYI-PHTHALIMIDIHE 0,JI.,ON i.e. 

,cir-cn,.c,u, 

. [137°]. Colourless 

platOB or HOftlnB. Formed by reduction of benzyl* 
idcnu-phthal'iiaidino by inearjH of III. 

NUroiamim \N(N0) 

\C()/ 


BOftlei (from WiHi U«I U 

{OH^h)S^e,l, m from which may be ob* 
taioed ({0^h)SM^Cl}^tCl«. Cono* HNO| 
forms tolueae-exO'Selinio aoidy G«H..CH3.Se03* 
BENZYL SELENO.CYANIBE C«H,NSe is. 
C«Hj.CiI..SeCy. [ 12 % From benzyl chloride 
and potasHium BelenocyanidefJacksoD,B.8,331). 
Priumatic needles with repulsive odour ^ insol. 
water, v. sol. hot alcohol. HNO, forms 
OJI,(NO.,).CHj.SeCy [133®]. 

BENZYL. 8ELEN.UEEA C,n,oN.,Se U. 
NH,..CSe.NH.CH...Ph. [70®]. From bcnzylamlne 
hydrochloride and alcoholic potassium seleno* 
cyanide (S])ica, 0. 7, 00). Sol. water, alcohol, 
and ether, gradually depositing So. Cono. IlGl 
forms benzylamine, Se, and HCN. 

n di-benzyl.selenO'Urea NH2.C9c.N(CH2ph)^ 
[1 .^0®]. From dibonzylamine hydrochloride and 
KSeCy. Thin prisms or needles; v. sol. hot 
water, alcohol, and other. Cone. IlCl forms So, 
CNH, and dibcn/.ylamino. 


f03°]; yellow crystals.eaaily solublo in benzene, 
iigroin, and olilurofnrm ((Uliriul, Ji. IB, 1203). 

BENZYL-PHTHALIMIDE 
C„H,:C;U.,:N.CfIa.C„Ily Vhthalyl-bemylamine. 
fllO’]. Long noodles. Obtainod by healing: 
potassium phtlialiiiiidu witli benzyl cliloriilu at 
170 -IHI)'-’. IICI nt 200 ’ splits it up into plitlialio 
acid and bonzylaniiuo (Clabriol, ll. 20, 2227). 

BENZYL-FIPERIBINE0,H„N(C,II,).(2I5®). 
Colourless liquid. Insol. water. Prepared by 
Iho action of benzyl ohlorido on piperidine.^ 
(P'llCl).^l*lCl4: sparingly solublo pp. 

Methylo'iodido B'McI. 1115®]. Thick 
prisms, liy moist Agp it gives an alkalino : 
hydrate which on dry-distillution yields metfiyl- 
bunzyl-pipt'ridino (Schottuii, It. 1C, 423). 

BENZYL PROPIONATE C.„1I,A i^o. 
0,HyCllj.().CO.CIL.Clly (220 ). H.O.'JiJ l OitCO. 
Decomposed by Na into sodium pr^onato and 
benzyl phenyl-bulyralo (Oonra<l a. Uo<lgkinson, 
A. 103, 320). 

y ■ BENZYL - PYRROL C.TI/.N.C.It,. (247® 
uncorr.). Colourless crystalline solid. Molts 
wlion touohod with the Imml. V. sol. alcoliol : 
and *'thor, nearly insol. wat(?r (Ciamician a. 
Silhor. It. 20, 1300). 

V BENZYL PYRRYLENE DI-METHYL.DI. 
KETONE OJf,(CO.t:ird..NC,lI,. v-Bnuyl-di- 
acciyl-pyrrol. [lOO’J. Fornmd by heating 
benzyl pyrrol with Ac.O 210\ Colourless 
plates. 8ol. ether and benzene, rf'. sol, water, 
nearly insol. pidroloum-ethcr (Ciumicinii a. Sil* 
her. B. 20.1370). 

BENZYL-QmWLINITIM HYDBOXIDK t». 
Ikn::yto-hndn)xidii of Quirt^u.iNK. 

BENZYL-ROSANILINES. From rosaniltno 
and bi'iv,yl chloride (Dahl, Z).P. J. 203, 303); v, 

I'utSANIMNU. ^ 

Melhylo-iodide. Fromrosanilino, Mol and 
MoOIl (Hofmann, B. 0,203). 

BENZYL 8ELENIDK (C.UyCIIA,Se. [46®]. 
From benzyl chloride and P,lk>j (C. L. Jackson, 
A. 170,1). Long needles or prisms (from alco¬ 
hol) ; faint odour, insol. water, v, sol. alcohol 
and ether. UNO, forms *setciiob6nzyI nitrate* 
!(C,H.),Se|4»tCl*. 

Benzyl dUelenido (CH,Ph),8e... [00®]. 

Foruu'd by bi>iUng benzyl chloride, and 

aloouol lor some hours (J.). Unctuous yellow 


TETRA-B KNZYL-SILICANE C„H,,Si i.e. 
Si(CH,Pli),. Silicon-Hra-bemyl. [128®]. (above 
550®). S.O. ^ 1’078. Formed by the action of 
sodium upon a mixture of benzyl chlorido and 
HiCI„ with addition of a little acotio ether 
(Polls, It. 18, 1513; 10, 1023). Largo mono- 
symmetrical prisms, sol. ether, benzene, and 
chloroform, si. sol. alcohol. May bo distilled. 

BENZYL SULPHIDE C,«H„8 i.e. (CU.,Ph),S. 
[50°]. From benzyl chloride and alcoholic 
K.8 (Miirckor, A. 136, 88). Thick trimetrio 
tablets (from ether), a:6:c »*813:1:‘515 (Forst, 
A. 178, 370; Bodowig). On distillation it gives 
5-di-p))cnyl-cthyleno and its sulphido (Barblcr, 
C. 1(. 78, 1772), toluene, benzyl mercaptan, 
sdi-phonyhacctylene sulpliido SC.^Pli,, and 
(hioncssal McI forms SMe,I, benzyl 

iodido and (Cll^Ph)SMoJ; the latter gives rise 
to tho comjwund {(CH.PlilSMejjClfjPtCl,. 
I'Xhyl iodide at 100® forms similarly (Ojll,)SBt;jI 
whence {(C,H,)SEt,Cl},PtCl^ (SchSller, 3. 7, 
1274; cf. Cahours, .4. Ch. [6] 10, 21). 

DI-BENZYL DI.8ULPHIDE (C,H,.0H,),8,. 
Sulpliobenzol, [70®]. 

Formation. —1. By tho action of an alcoholic 
solution of RHS or K.^B on bcuzylidene di- 
ohlorido.—2. By the action of alcoholic KHS on 
(a)-tluobonzoic aldehyde (Klinger, B. 15, 861).— 
$. By the oxidation of benzyl mercaptan by air 
or bromine (Mtiroker, A. 140, 86).-^. By tho 
action of KjS-^on benzyl chloride in alcohol (M.). 

Properties .—White plates. Gives a crystal¬ 
line pp. (G,4H..,S^gNO,) with an alcoholic 
solution of AgNO,. 

BENZYL-SULPHINIC ACID v. Tolusnr sxo* 

SULPIIIMO AO!l>. 

BENZYL SULPHOOYANIDE 
C„U,.CU...S.QN. [41°] (B.); [38°] (U.); (c.283°) 
(B.); 1256°) ^U.). From benzyl chloride and 
alo<^olio pot^sium sulphooyanide (Henry, B» 
2, 6361 Barbaglia, B. 5, 680). Prisma (^m 
alcohol), insol. water; pungent smell. Gom- 
bines with HBr, forming a compound decom¬ 
posed by water. Fuming nitric acid forma 
0,H4(NO*).CIL.S.Cy. 

DI-BENZYL-SULPHONS O.^HhSO. U, 
(CH.,Ph),SO,. [150®]. 

Ponnafion.—1. Tog6therwUh04H,.CH«.SO,K 
by tho action of E,SO, on benzyl chloride 
(Vogt a. Hcnninger, A. 165, 376).—8. By oxida* 



^ of «4»n*yl lulphoiid* with KMnO, and | aSttm-tStUOl r. w n t- 
HOAo (Mto ». liflclan, B. IS, 1284).—S. By tha j C,H^ePr(CH,Ph)(OH).*^ iSSS') at 8 mn^ 
a^nrfbeiuyl ohlorideon i^^benzene-sul. j potmod, logotlier with di-benayl thymol^ta 
*’?! aulpliida.' hejting bennyl chloride with tliyfool Ld 

® 1 0. 11, 340). Oil, insol. aonc^ 

atohol, benzene, end acetic acid. Ity osidising allinlis, sol. alcohol and ether. Kc.CI. civ™ a 
a^u it IS readily oxidised to benxoic and sul- red colour on lieiitiiiL- “ 

phunc acids (Otto, B. 13.1277). 

BEHZYI..StII.PHONIC ACID v. Ton’iisi:. 

M}0*817LriloM0 ACID. 


Pi. 


DIBEKZYl-SDbPHONIC ACID 

PU£NTL-KT1IANB SCLI’llt'XlC ACID. 

DI-BENZYL SUIPHOXIDE C„1I.,S0 i.e. 

(CILPh)j.SO. [133^], From di-benzyl sulphide 
and cold UNO, (.8.0. 1-3) (.MSreker, A. 130, SC; | 

Otto a. LuJwig, B. 13, 1281). Lumime (from • 
water or alc(t)iol). j 

BENZYL-SULPHUROUS ACID r. Tulujisk 

SDLPntiKro ACID. 

BENZYL-TARTRONIC ACID CJl„0, i.c. 

C„H,.CIll„C(OU):(CO;lI)u. [143'^]. KuriuetUimul. 
taneously with cinnamic acid by tho action 
of KOXl on btiiizyl-cMoro-malonic oilier. On 
heating it foruiii ^-phoiiyl-a-oxy-propionio acid . 

(phenyl-hiclic acid I'Jb'^jl (Conrad, B. 13,2100; 

A, 200. 2].4). : 

BENZYL-TEREPHTHALIC acid d. Benzyl- j 

PIITIIAI.IC ACID. ' 

BENZYL-THIO-CARSAMIDINE CJI,„N,.S ‘ 

, Cvonum.de bene,/';- ^eak haw 

mcmtptui . [<2'j. iTom benzyl elilondo and ' bvv^vt TATvr n. * **^'*»«“»*- 

thio un a (n< rntli.^en a. Klinger, B. 12, .'iTri). j BENZYL-TOLYL- v. loLYL-iiENZYL*. 

Slender nct.dles, in. Bol. water; decomposed by ' BENZYL • TOLYL • METHANE v. PdenyIs. 
heat into benzyl iiu*rcaptun an*! di-cyan-di- j toi.yl-kih.sni:. 

amide. iniCI. ilOS-'j.-BMLPtCL. | BENZYL-TOLYL OXIDE t‘. Benzyl alcoiiou 

BENZYL - THIO - CABBIMIDE I BENZYL-UREA C,ir„N,0 i.c. 

C,H..Cir..N':CS. Jkmyl mu-sturd oil. (24,3®). | NJL.Ct>.NlI.CH,l’h. [147'^]. Kormed, togetber 

1 chloride 
SoluliOD* 
I benzyl cyanate 

I and ale#! olio NH, (LettR, C. J. 25, 448) or from 


heating. 

Acetyl derivative C„II„.\cO, (215®) at 
Srtuii. t 

Di-benzyl thymol a^ll..„0 i.c. 

Prci’“.rod as above. 
Silky laminie, sol. ether and HOAe, insid. waur 
and a<)iK'ous alkalis, Ee;,Clj givt s a red colour 
on iH-ating, 

Acetyl derivative C..,H.,AcO. (c.84®). 
Methyl derivative C.,li,,,Mi‘0. [‘MV’]. 

Benzoyl i/crirafU5e'C,,H.J5z(). [c. 7H'']. 
BENZYL - TOLUENE v. I’uvnyl - tolvl- 

>!».1'I1AKF. 

DI-BENZYL-TOLUENE i.c. 
CH,.C,H3(CII..I'h)2. (c. 301®). A product of the 
action of bmi/yl chloritio on toliu'iic in prc.'tojn'o 
of zinc-dust (WVlu-r a. Zineke, B. 7, 1154). 

BENZYL-;>.TOLUlDINEl>l,Cir..Nll.C,ir.Mc. 

(aia*-'). j-'rom benzylidcno-)i-tolui*dino (Kohler, 
df. 241, 3-V.i). 

Di-benzyl-p-toluidine Cj,n„N U. 
(rh.ClI,.),N.O,,n,Me. b'rom benzyl chlo¬ 

ride and p-lobiidiiic (t'aniii/.zaro, A. Supyl. 4,80). 


jsemyi wiM.sMrd uU. (243°). ! Nil Xt).NiI.CH,l’h. [147®]. Kormed, togeth 
Benzyhuuino i.s dissolvt'd in CS., and tho pro- | with lii-bonzyl-uica, by beating benzyl chlori- 
duct boiled with alc«il;ol and HgCl, (Kofiimim, • with iiulaMidum cyanate in alcoholic soluln 
a. (2) 4, 000; B. 1 , 201 ). Oil, smelling like ; (Cannizzaro, ('/. 2,41). Also from benzyl cyana 


water-cios:!. 

BENZYL-THIO-OLYCOLLIC ACID v. Tuio- 

OLYCoLMC acid. 

BENZYL-THIO-UREA CJI,eN.,S i.e. 
(CHjPhjNfl.CS.Nll,. Prom potas.slum 

8ulpho(5yanido and bcnzylarnlno hydroclilori<Ki 
(Paterno a. Spica, G. 5, 388; B. 0, 81). Sol, 
water and alcohol. 


bonzylamino chlorido and polas.Kium cyanate 
(I'aterno a. S]>ioa, (J. 5, 3HH; 7L 0, 81). Long 
noi'dle.s (from alcolud); m. sol. water. At 200® 
it splil.s up into Nifj an<l .s-di benzyl-urca. 
s Di-benzyl-urea (CIl ,l'h.NII).,(;0. [1({7®J. 
Formation. —1. Prom benzyl* chloride and 


; KNCO or urea.—2. P'roni ben/.yl-urca by heat- 
Benzoyl derivative C,Il,NH.CS.NilBz. ing. 3. By heating benzyl alcohol with urea 
[145"J. Prom bonzoyl sujphocyanide and benzyl- nitrate (Campisi a. Amato, G. 1, 30; B. 4, 412). 


amine (.Miipiel, A. I 'h. [5j 11, 313), 

«-Di- benzyl • thio - urea (l*b.CII.^.NII)X’S. 
(114®]. From alcoholic bcn/.ylainino and CSj 
(Strakosch, IJ. 5, 002). Four-side«i plates, in.‘-id. 
water, Bol. alcohol and ether. Converted liy 
HgO into di ben/.yl-urca. Alkyl iodides give the 
following derivatives: 

PhCH...Nn.CS.>*Me.CH,l‘h.— 
(C,H,.NU.CS.NMeC,H,).H,l‘t(;i,.- . 

C,H.NH.CS.NMcC,H.lfl ('J'J j.- 
PhCH,.Nn.CS.NEt.CH,Ph.— . 
(C,H,NH.CH.NBtC,H,),li,Pta,— 
C,H.NH.C8.NKtC,H,HI (OS^J.- 
C,ll.NH.C8.NElC.H,H,SO,.— 

PhCU, NH.CS.NlVcUJPh.- 
PhCH,.NH.CS.N(C,H„).CU,Ph (Bciinaru.v, B. 
19,2343). 

tt-Di - beniyl -thio* urea (PbCHJtN.CS.NH^ 
[157®]. From potMsium sulphocjanido and 
dibenzylamtne hydrochloride (P.a.S.). Largo 
needles, m. sol. water. 


4. From s-di-bonzyl thio urea, I/gO, and alco¬ 
hol (Strakosch, Jh 5, 6'J2). 

i^/o/f»7jV6. • • Needles, insol. water, v. so), 
alcolml. Weak base. 

« Di-benzyl urea (CIJJ*h)jN.CO.NJlj,. [125®]. 

From di benzyl-amine ii^’dr-jchlorido and KNCO 
(l‘ah rno a. .Spicjf, (J. 5, 388; B. «, 81). Thick 
prisms ; si. sol. cold water. 

BENZYL-URETHANE v. Bknzyl-caiibamio 

ACID. • 

BENZYL-m-XTLENE C„H„ i.c. 
0,H,.CH,.C,H|Mc,. Phenyl - xylyl . fnelhan 0 
(220® i. V.). From w-xylcnc, benzyl chlortdaf 
and zinc-dust or Cu(Zmckc,B. 5, 7TJ ; U, 1701)1 
Oxidation gives benzovl-iso-phthalic acid. Ap^ 
pears also to be formed by reducing phenyl xy&l 
ketone with HI (BoUscher, B. 15,1082). 

Beniyl-p-zyiene, (296®). From p-xyleiM^ 
benzyl chloride and zinc-dust (Z.). 

BENZYL XYLYL XETONE 

j C.n,.CH,.CO.C.n,(CII,)^ [1:8:4]. DimefhyL 



HI* 


texytniMH (then sA*), VloU. Woimi 
bfliWMtionoi Al^onainutanot ni-iTkM 
IM ph«iiTl-u«t]rWilarid6. Oa oxidation it gim 
di-nwthji-beuzoio acid (S51Uoher, B. IS, 1681), 

* ^ VT ^ f\ . -f-.. 


weiUOItIfV, IbIKI Ub irusb U 

Alkaloid. Small platoK, contuinitig 2aq. Kasily 
tol. ether. Tho hyiir<ichlori<lo forma siiibll 
plates, the nitrate neoillos.—Dyi^Cl^PtCl^ 6 or 
6 ttq: yellow cryat illine pp., si. sol. ould water 
(liosse, Jl 11), 311WK 

BEBBERIC ACID CJI,0,a(i. An acid formed 
l»y fu 8 in;{ herberino with KOli (Illasiwut;^ a. 
Uilm, /. lH(>4, 407). Needles; v. sol. alcoJml 
and ether, tn. sol. water. k'OjCl„ gives a green 
eolour turned rml hy ammoninin tartrate. Uo- 
duttis hot Fohling’s aolution and nilvor solution. 

BEBBEBIKE C,,II„N0,4><1. ^20^]- 

S. 22 at 21'-'. H. (alcohol) 1 ut 15 *. Occurs in 
the root of the harhorry, lierberis vulfjaris, to¬ 
gether witli oxy acanthine ( 7 . t>.), berhatnino 
and another alkaloid (lJuchner, A. 21, 228; 
Hesse, IJ. I'J, 311)0). Occurs also in Colombo, 
root iCocnilu.'t palinalufi) (Fleitmann, A. r>9, 
100; IWdeker, A. 00. 381; 09, 40); in 
sjtmnim fawstmtum (Perrins, 0. J. 1.5, 339); 
ill Ahooconla burk from ('a’lurline poh/i'ftrpd 
(StenhouKM, Ph. n, la.i; j, ‘jo, 187 ; Hanicl, 
A. 105, 30i)); in In''‘litifV. Ihalktroidcn (Mayor, 
J. Vh. (3|, 40, 490); in Kanthtj'yloyi cUiva 
ilerculis (Cln vallier a. Pcllotan, lierz, J. 7, 200; 
I’orrins, A. Suppl. 2. 171); in bark of (h'offnnjca 
irterwM ((JnHlell../. IHOO, 180); {ixCoplis 'trifoUa 
(Gross, j. 1H7 J, 911); and in the root of Evodia 
yttinca (Martin, Vh. [ 3 ] l.S, 3.17). 

l^t^Hiration. — 1 . Tho tiiiely powdered root of 
Kydrwtiis caiuulenah i» extracted witli alcohol; 

is added to the cooled extract, and tho 
pp. dooompoHcd by NHj. The o}^utiuti is 
repeated a second time (Lloyd, Vh. [.fplO, 12.7; 
0 /. Morril, Am.J. Vharm. 35, 97; rrocter, C.N. 
9, 112). 2 . Itiuberry root is exliansted with 
boiling water; tlio extract eva)K>rated, and 
treatetl with 92 p.e. alcohol. Tho boriu'rino is 
purified hy crystallisation from water or alcohol 
(liuohner). 

™ Silky ycilnw neeillos; tastes 
bitter; si. sol. cold water and alcohol, insol. 
ether. Turned brown hy ammonia. On adding 
iodine in potassium io*lide to a solution of her- 
berine liydrociiloride tho pormdiile ppd. It 
crystiilliai's from alcohol in rc.l nccdlca, but on 
adding water, green plates seiiarato. 

/umi'/.'ou.s, -1 /i'mc and dilute acid^ form 
hydro-b')rb*'rinc. i. produces two 

acids, C,lL(h, and Gliasiwot/. a. Gihii, 

J. IHbl, 40 n). . - iVifru' rtcici oxidises it to 
berbovomcaeid. - 4. KMnO, in presenooof KUO 
Joniis iieinijiioacid. [Ki/J yK. Schmidt a. Schil- 
bach. Ar. Vh. 2.5. KU). 

Salts.- (Fleitmaiin, -4. 59, IfiO; Henry, . 4 . 
116. 132; iVirins. C. J. 15, 339; lllasiwetx, 
A, iSn/ 7 ,/. 2. 191). - B'llCl: slemlor yellow 
ncedlM. 1] llOl laq. — lJ'UC12aq. S.O. 

(Umterberger, A, 82 , 314).— 

** (Kohl a. Swobo^la, J. 1852, 559). 

**”*'*' ttoedles. S.G.y l*7oS (C.l. 
HAuC ; luaroou • coloured needles. 




i '0lB8f’14U»'' -.am _ 

-WBfijSr- ^1106, - B'0.^3S- 

B'C.H.O. iaq—B'CA(8bO)0, (SteiSioaS/lv; 
12. 4911. -.BjHjCr.q,. ~'b’0A(N0J.0H.- 

{B«ni. 

Kthtjlo-iodide B'Etl: needles. 

Hydroberberino Can,,NO,. Obtained by re- 
duomg berborine in acid solution with zino 
(Hlasiwotz a. Gilm, A. Buppl. 2,191). Granulos 
or needles (from alcohol), lleoonvertod into 
' burborine by HN’O,. 

I Salts. -B'HCl. — B'.,H ,PlCI. — B'ILSO„ 

! Methylo-iodide B'Mel: trimetrio crystals, 
i n;6;c1*0.13:1; 1*789. ' JPMeOH (Bernhoimer* 
a. 13, 312). 

Ethylododide L'Ktl: prisms. 

BEBBERONIC ACID v. rYuiDixe-Tai-cAfi- 
noxYLio Acn>. 

BERGAMOT, OIL OF. An aromatic essential 
oil expressed from the rind of an orange, Citrui 
bergamia. Its S.G. is *87. It contains a stear- 
opteno, a terpone, and a terpene hydrate (?), 
By rectification a linnid (183®) may bo got, 
which absorbs llCl (.Soubciran a. Capitaine, 
»/. Vh. 2t), CS, 5()tl). Tho stcaroptono [Uerg» 
aptaie) is deposited after long keeping. It is 
Boli<l, [2()t>*], but volutili.ses without decomposi¬ 
tion. It may be (C,II.O )x (Mulder, ^1. 31, 70: 
Ohmo, .4.31,310). ' ’ * 

BtROENlTE C,ir,„Oja(i. [130®J. S.O. 1-5 
- --51*30'. Obtained from Siberian saxi¬ 
frage {liertjenia siberica) by extracting witii hot 
water, ppg.lhe tannins with loud acetate, and ova- 
poraling to crystallisation (Morelli, C. U. 93, 
blO). Trimetrio pri.sm3. Tastes bitter. V. si. 
sol. cold alcohol and water. 

Acetyl derivative C^II^AcOj: amorphous, 
V. sol. water, alcohol, and ether. 

Tri-acetyl derivative CjIIjAOjOj. 
Ventii^acetyl derivative C,HjAo.O.. 
BERLIN BLUE» Prussian Blue v. Ferro^ 
cyanide of iron under Cyakiubs. 

BERONIC ACID v. Pyuidixb w-caiidoxvuo 

ACID. 

BERYLLIUM. Be, {Qluximm.) At. w. 

9 08. xMol. w. unknown. S.G. H.®® (after com¬ 
pression) 1*85 (Humpidgo, Pr.'dO, 1). 8.H. 

(100®) *4702; (209®) *540; (100®)-CnQ; (500*) 
•020t)(Uumpidge, iV. 39, 1). S.H. (20®) ‘397; 
(73®) *448; (157®) *519; (257®) *581 (Meyer’s 
calculation, B. 13, 1780, from data of Nilson and 
Pettersson who worked with molal containing 
about 95 p.c. Be; B. 13, 1451). 8.V.S. 4*92. 
prystalliscs in hexagonal, holohedral, forms: 
a:c - l:l*r>801 (l^ji'ggor a. Flink, B. 17, HJ9). 

Ot'iytr;*e*ricc. -Only in combination; in beryl 
(3BcO.Al,0,.(}SiO,) and some other silicates, 
also in chrysoberyl AljO,.BcO. Beryllioia 
oxide was recognised as a distinct body in 1797 
by Vaiiquolm, the metal xvas obtained by Wohler 
in 1827, but approximately pure beryllium was 
not prepared until 1885, in which year Hum* 
pidge obtained specimens containing 99*2 p.c. 
Be,-1 Fe. and *7 BeO. ^ 

Prepam/toa.—Wohler (P. 13,677J obtamed 
an impure metal by tho action of K oa foicA 





7BI) eUtIna |p«<w h«ai«al«(IQK0« B*.8r,6aat»Mto,d«t«^ 
•ptdmain bf njdag Ha and a ipeatal form of that Be if TtihM. to b« olaind with tbo lattlt 
Ntisoa a. Pettenaon, hf deoompo' thao with the former elements; the value 
sing BeClf b/Na in closed iron oraoibles heated for^the atomic weight of Be is thus confirmed 
in a wind^fomace (fi. 11, 331), and sifting ^t*. Hartley, C. N. 48, 105). Beryllium is a 
the crystals through Pt g^uze (B. 13, 1455), markedly positive, or metallic, olenient; it does 
ohtainM specimens containing 04*4 p.c. Be not exhibit allotropy. It is chetnicali.v related to 
(BeO a 4*89, Fe - *70). Ilumpidge ( Pr. 38, iss; Mg, Ca, Sr, and Ba, in rauoh the same way that Li 
89,1) purified BcO by solution in (NH^ljCOyAq is Mated to Na, K, Ca, and lib. BeO resembles 
and deootnpo»itig the solution by steam; he MgO, but is distinctly loss ba.cie.; e.g. it die* 
mixed the BcO thus obtained with pure charcoal solves in KOIlAq, and docs not combine directly 
and starch paste and heated in 01 in a glazed | witli H^O; compare also [HoO'li*, H'^SO'Aq] 
porcelain tube; the DeCl, thus obtained was' 1(>,096, with [MgO*’H-, IlSO’Aq]^31,216. 
placed in an iron boat, and this in an iron tube ! Analogies also exist between Be and A1; e,g. 
surrounded by another tube of hard glass; i the existence of many basic salts ; Bo, however, 
another iron bo.at contained Na; the Na was does not form an alum; BeClj docs not oom- 
heated in a stream of U, and the BeCI;, was , bine with NaCl and KOI as Al^OI^ does. In 
then vaporised (in H) over the molten Na. The ; dilute acid solutions Bo is eloctronegativo to Mg 
crystals of Bo woro washed in dilute NaOHAq, | but positive to Al; in caustic alkali solutions 
to remove BcO, then in water, and dried. | the electrochemical order is +Ai, Mg, Be- 

Prqpcrfwi*. Steel-coloured, hard, hexagonal, (Ilumpidgo, Tr. 174, fiOl). Bo forms only one 
holohcdral (IJrogger a. Flink, B. 17, 849) orys- scriira of compounds, BoCL, BeSO,, Bc!2NO,,d;o.; 
tals. Unchanged in ,ordinary air; scarcely ^ it exhibits a marked tendency to form bnsio 
changed by heating in air. Scarcely acted on • salts, «.</., BeS0,.Be0.3Ha0, BeC0..3Bo0.5II,0, 
by O or S at red lieat, but burns in Cl to BoCl;^: drc. Braunor {If. 14, 53) sums up the oliemical 
(Nihon a. Pettorsson, B. U, 3^1). Burns in , relations of Bo in tlio thnjo staUunents 
0-U fiame (Ilumpidge, T. 174, fiOl). Dissolves (1) Li:Bo »Be:B. (2) Iji:NaaBe:Mg»B:Al. 
slowly in acids, ai.so in aqueous alkalis, with j (.3) Li:Mg sBe;Al»D:8}. The chemical rola* 
evolution of U. Many of the properties ascribed i tions of lie will bo more fully discussed in the 
to Bo by Wohler {P. 13, 577), ami Debray [A. art. Maonk.sh'm »ri:rALH; v. also tlio remarks on 
Ch. [3] 41, .5), were the results of experiments Group II. in art. CLAH.siriCATioM. Tho following 
with very impure 3nateriai. Kinission spectrrm i are tho principal papers bearing on the At. w. 
O'.iaraeteriscl by tho linos 3.320 5,2(U9*4,249.I *2, of Bo: Beynolds, P. (5) 3, 38; ibitl Pr. 35, 
and 2177*7, of wliich 3320*5 is the most promi- ' 218; Ilumpidgo, Pr. 35, 358; 38, 188; 39, 1; 
uent (Hartley, 0. J. 43, 31o). The alomio Hartley, (h-I t. .310; ibid. Pr. .30.402; Car- 
W’oiglit of Bo has been determined (i) by ' nelley, Pr. 29, 190 ; ibUl. B. 17, 13.'I7; Brauner, 
analyses, and delorminalions of V.D., of BeCl. i B. 11, 872; 11, 53; Moyer, B. 11, 577; 13, 1780} 
and BuBr,: (ii) by <!otermination3 of H.H. of | Nilson a. Bettersson, B. 11, 381, 90G; 13, 1451| 
Be; (iii) by analyses of variou.s compounds, ; 2035; 17,987. 

espeeialiy recently of tho pure oryntallisod sul- I Beoefioux. -As most of tho reactions said to 
phnto by NilsMii a. Pettersson (B. 13, 1*51) ' clmractegi o Bo have boon obtained by expori- 
(for older analyses v. Berzelius, P. 8, 187; j raenling witl» material far from pure, tho 
Awdejew, P. 50, 101; Klatzo, J.pr. 100, 227J; i following stateiiionts must bo acccjHed as pro- 
(iv) by the application of tho periodic law. j visional only. —1. Ilydrochloric acid, whether 
There has been much investigation and dis- ; gaseous or aqueous, reacts readily to produce 
oossion concerning tho valuo to bo given to tho , BeCl..—2. Sulphuric acul dissolves Be, forming 
s^mic weight of Bo; some chemists insisted r Be8(),Aq.—3. N/frtc acts very slowly even 
that 13*65 is the true value, and that tho oxide ' when hot and concentrated. -4. Bo dissolves io 
is BcjOj. Tho determinations of the V.D. of j warm KOHAq or NaOHAq. 

BoCl^ and BcBrj, tho careful me.isuremcnt of j C')mbin<iti<fns. —l. Bo combines readily with 
the S.ll. of aliiinst ]>ure Bo, and the considcra- { Cl, Br, and I to form BeCl^, BoBfj, and Bel^ 
tion of the physical and clicmical relations of ' respectively.—2. dt also combines very readily 
Beam! its compounds to other elements carried* with Si;* and, according to tho observationa 
out on tho line.s suggested by tho periodic law, of Wohler, made, however, with very impuro 
have finally established the value 908 0*1 fori materia), with I', So, and S; later experiments 
the atomic weiglit of Bo. The S.ll. of Bo in- seem to show that Bo at.d S do not combine 
creases rather rapidly as tho temperature i when heated togettior (NiUon a. Pettersson, B. 
increases,and approaches.acon8tantvalue,cqual ; 11, 381), -3. An alloy of Be and Fo was da¬ 
te about *02, between 400’and 500' (liumj ; seabed by Ktronn'ycr as a white solid, less 
pidgo, Pr. 39, 1). Tho rclattgp l>ctwoeii S.ll. | nialleahin than iron, obtained oy strongly beat- 
and temperature is expressed by the em|>tncal , in;; BeO with Fo and charcoal, 
formula K,-*3750 + *00100f-'0do*)01Wf*(Hum- j B.-hc/om. -1. Caustic potash or soda |^, 
pidge, Pr. 38. 188). The product of B.H. into ! BcOIi^O soluble in excess, hut reppd. on dutt- 
At. w. (’02x9*1 =1^5*04) is lower than the mean | ting and boiling. —2. Amuxonium carbonate pWr 
value of this quantity for the solid elements,; tho carbonate easily soluble in excess; tbif- 
but is nearly the same as that obtained for B, : reaction distinguishes salts of Be from salbi ot' 
C, and Si. The atom of Be is divalent in liie ^ Al. —3. Be salts give no colour when boated vitb 
gaseous molecules BeCl, and BcBr,; these are ! Cki.2N(),. 

the only compound? of Be at present known in ! Bslimation.—Aa oxide, by ppg. by exoMt 
the gaseous state. A comparison of the spec-! NH,Aq, washing, drying, and strongly beating.; 
of Be with those of In and Al on the one BcO is separated from Al/J^ by the action m> 
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BERvixnm. 


(NHJ,CO, (a Holmuliter, J.pr, 76, l)j or by 
oonverting the ftluroina into poUeh aliim (r. 
Scheffer, .4.100,144). 

Beryllium, Alloyi of. Little or notln%' is 


BozyUSutt^ S^yinsUM ot A eompoond 
Be, H, and 0, agreeing in composition with the 
formula BeO,H,(eBoO.H.^O) is obtained as a 
white powder by ppg. a hot solution of a Be 


known; rBeuyllium,C om6t«/i/ionv,No,3. . i salt by NiI,Aq, or KOHAq, boiling, collecting. 

Beryllium, Bromide of. lii-IJr... Mol. w. washing, and drying at luo’(Atterbcrg, [aj 
(abt. 000'I (Curnulley, li. 17, 1357); sub- 21, 358; Wceron, /*. 92, 91); on heating more 
lim<*H readily at 150^ V. U. 90 (llumpidgo, Pr. \ highly, I3eO remains. Van Bommelcn {J. m\ 
38, IHH). * j [2j 20, 227) says that the pp. by KOHAq lias 

Vrq-araium. -\. By heating Be in Br vapour • the composition BeO.TIX) only when heated to 
(WohkT, P. 13, 577).••2. Ify luxating BoO 150‘’-180^; he descrihos a gelatinous hydrate, 
mixed with cliannial and made into a paste ^ BcO.Iip, obtained by the action of NH,Aq on 
with Klareh, In dry Br (Iliunpitlge, 'V. 171, Ool). i BcS(),Aq, washing with cold water and drying 
Crystals of iiydrated BcBr. are obtaim-d by | in dry air at 15’-*20°; the composition of this 
dissolving fnv.hly ppd. B»;<).1L0 in Hl5rAq, and [ hydrate is constant up to 200^ The compound 
evaporating (Bi rl)n mot, A. Ch, [2j M, 391). | BeO JL. is not re-formed by the action of water 
Pro)n:r(i>\’i. Long wliitc needles; very deli- ; on Be() (for more details of this action v. Van 
queseent. Jliaf'il in air, partly sublimes, and; Bcmmelen, f.c.); it seems belter to regard it as 
is partly decoinpf»s«'d into BeO and Br. | a hydrated oxide, BoO.Il^O, than .as a hydroxide 

Beryllium, Chloride of. BeCL Mol. w. 80, j Be{OII).. Other hydrates of BeO aro said to 
at low tnnips. B‘0 IhfXd,. (ubuiit OOO’] but : be obtained by drying the pp. by Nll.,Aq over 
HubliincH euiiii.li rably lower (Carnidley, O'. J. j H,SO,, or merely in air, but the composition of 

37, 2b; r. also/feV/. B. 17. .1357). V. I>. -- -.i-/- F, ^ 

to 1500 ) lO llb (mean of 4); V. I). (520 ') OO-1 
(Nilsori a. rettiiKson, B. 17, 9H7; </. pr. [2J 


33, 1). 


tlioso bo<lics is variably (v. ScliaITgotsch, P. 60, 
IH.3; Atterbcrg, P. 7, 473; Van Bemmelen, 
J. pr. [2] 2(*, 227). The gelatinous BeO.lLO is 
easily soluble in acids, also in Na01I.\q*and 


I'rcfumilhn, -1. By lu aling Bo in Cl.--_2. ! KOHAq, and in (NH.),CO,Aq, By boiling the 



solid BeOJl,. being used in each cuso 
(77i. 1, 303); [BcO U-,ILS()‘Aql = 10,090 ; 
iBe()drk2HCI.\q] -13,014. Those values are 
much loss than those for tlie alkaline earth 
hydroxides (about 31,000 for H.SO^Aq). 

Beryllium, Iodide of. Bef. Mol. w. ini- 
known, as V.D. has not b(‘on determiiu-d. 
Bc'cribod as colourless neptlles obtained by 
het(in)' together Jhi and I (Wohler, P, 13, 677 ; 
Hebray, .1. ('.h. [3j 41, 6). Kasily decomposetl 
by m'.tion of hot air into BeO and I (Do. 
bray, /.<•.). 

Beryllium, Oxide of. BeO. Mol. w. un- 
known. S.(K 3-010. 8.11. (0'^ to 100®) •2-171 
(Nilson a. rettersson, 21.13, 11.51). S.V.S. 8-3. 

•, . . t Prt'ixirntion. .Beryl is fused with NaKCO. 

tiail> l.i't.l .. llgU,.3,l!JJ and Brtd .Snf 1,.H|L in graphito crucibles in a wind-furnace; the 
(; el >erg, 7. ,, [<3); Ih’CLl‘l(3,.9M A) ; fu.setl mass is heated for some time with excess 

n \ ^ j of ll.>10,Aq, water is added and SiO. removed 

BH.L.lUd ...UUlisaimlogotft by lUtrution, tlio liquid is evaporated until a 

imvVfto form and is then allowed to 
-l) to .M thi‘ Be salt retains-I H.O. and corro- stand for2t hours or more?; potash alum and 

o'vv' 1 ".ll * separate out; the motlier liquor U again 

ih V’ '*•» a-jll^jlljliO (.Vlterbcrg, | evaporated anil a second crop of alum crystals 

j jg obtained and removed; the mother liquor 


less refraetive litpiid; may ho sulillnied iin- 
ehanged in pure dry N or but is easily 

decomposed into BeO and Cl if a littb* air is 
present (Nilson a. rettersson, ii. 17, 9H7). Tg 
pmetieully a non-eondm-tor of electricity 
(Nilson a. I’ettersson, B. 11, 3^2 ; Huinpidge, T. 
ni.bUl). 

Ui'tictiofiH.— I)iss(dves in water \fl% produo- 
tionof much heal; ou(i\i\\u>rii[iou,ii\\i>.ri,.-liloridc 
Be,.OCLM A)(.. BcCL.r.eO.H.O) is obtained ; if 
the Bulutiou is placed over 11 SO, under a bell- 
jar, crystals of I’.ei'l .111 A) separate out (.Vwde- 
jew, P. 5(>, lot; Allerberg, IH. i2; 21, ;C,S). ; 

1. With chl‘>ri‘U‘s <>l' mrii'us ' 
hrai'j/ to form double oonipomids ; , spt. 


Beryllium, Fluoride of. Hydrated BeO dis- 


is now poured into a»warni cone, aqueous solu- 


bwms e.'Vhilyin on evnp<»ratum, atijvns. ♦ tion of ammonium carbonate, the pp. (of 

parent.gum-hki.massftoblainedwhiohbecomes : Al 0 t^ol i-“ J- —*'-'•* ii—Ni 

olmiiiift .»t imi^ K..f ..a..1.1, • . . . ! . * .1 ' 



latter by ailding little KKAq, to a solution of 
BeO.H O in UFAq, and evaporating. The com¬ 
pounds 2NabMJeF., NaF,Bol'\.,and 2NH,l'MkK, 
are also described by Berzelius. 

BcrylUttm. Hydrated oxida of, v, BKavixiuM. 
avuRoxioKa or. 


. . CaO, Fe-aO, Ac.; the BeO may be 
obtained by boiling tlie solution (Nilson a. 
Pellersson, B. 11, 383), or by acidulating, boiling 
oil CO., and ppg. by NIIjAq (Hofmeistor, /. pr. 
76, 3); ill either case, tlie p|a]. Bc0.xH^O 
should be again treated with (NU,),CO|Aq and 
tlien reppd. There are various other ways of 



prepariflg B«OjbH^ from Wyl (o, medaJly 
Jot, /. pr, 92, 232; Soheffer, i. 109, U6; 
Borzelias, P. 8,187 ; Debray, A. Oh. [8] 44,16). 

Propartiee.~>A white, loose, infosiblepowder; | 
iosolable in, and unacted on by, water ; solubleJ 
in acids and in molten KOH. According to 
Ebclmcn {A. 80, 213) BeO is obtained in hexa« 
gonal crystals (arc = 1:1*587) by cooling a 
solution of the oxide in molten borio acid; 
Dcbray obtained similar crystals of BeO by 
strongly ln.-ating ainmonium-berylliura oarbonato 
(A. Ch. [3] 14, 15). H. Itose dcsojibed crystals 
of BeO obtained by heating tlio ordinary oxido 
in a porcelain oven {Ph. C. 1848. 48()); S.O. of 
these crystals = 3*02. 

/?cttcfi<«w and Combinatiotu. —1. With most 
ocids to form salts, e.g, BeSO„ Be.2NO„ Ac.; the 
oxide becomes less easily soluble in acids by 
heating.--2. Decomposes molten cir- 

bonate with evolution of CO,; on addition of 
water BeO remains dissolved in the KOHAq.— 

8. Does not combine directly with water, but 
various hydrates, of which BeO.II.O is the most ' 
important, aro obtained by t*ho action of . 
NiljAq on solutions of Bo salts (v. Bkuyllium, ' 
BTOROxrnKs op). ' 

Beryllium, Oxychloride of. 

BesOClj= BCOI,.BcO. Said to be formed by 
evaporating an aqueous solution of Bed,.. 

Beryllium, Phosphide of. Diwcribed by I 
Wohler as a greyish powder obtained by heating 1 
Bo in vapour of P; existence very doubtful as 
Wohler’s Bo was very impure. 

Beryllium, Salts of. Salts obtained by ro- 
placing II of acids by Bo: they aro generally 
obtainetl by the action of aijucous acids on 
BeO.H.^0. Most of tho commoner salts—sul¬ 
phate, nitrate, oxalate, chIori<lo—aro soluble in 
water an<l have a sweetish taste; tho carbonate 
and phosphate aro insoluble in water. When 
heated, the salts of Be are completely uocom- 
I>o8ed, except tho acid bo non-volatile. The : 
chief aalt.s of Bo are tho following (they are • 
described under tho headings Carhonatks, Ni- 
TJuTEs, Ac.) carboruttes, chromates, molyhiates, 
nitrates, perchlorate., periodates, phosphates, 
selenak, selenitcs, silicates, sulphates. The 
following salts probably exist, but few if any 
definite facts concerning them aro known: — 
brotnate, chlorate, hypyphosphite, iodate, pltos- 
phiie, tuyuptate, vayvadates. 

Beiyllium, Selenide of. Existence very 
doubtful. 

Beiyllium, Silioide of Be readily combines 
with Si; wlicn Be is prepared in porcelain vesiiela 
a portion of tho SiO, is reduced and as much as 
20 p.o. Si may combing with the Be to form a 
hard, brittle mass. It is doubtful whuther apy 
definite compound of Bo gfd Si has been 
obtaiued. • 

Beryllium, Sulphide of Described by 
Wdhler (P. 13, 577) as a greyish fused mass, 
which evolves l^S by action of aoids; obtained 
by heating Be in S vapour. But oxistcncc is 
extremely doubtful; according to Fremy (.4. Ch. 

^3] 38, 320) no sulphide of Be is produced by 
heating BeO in S, or OS,, vapour. According 
to Nilsou a. Pettersson (B. 11, 384), Be and S 
lo not combine when heated together. 

M. M. P. M. 


BerylUmil «tUde Belt,. (185M88‘).^ 

E^Et, and Be at 130°. Takes Are ia air 
(Cahours, J. 1873, S20}. 

Beryllinm provide BePr^. Does not (akt 
fire in air. 

BETA—Compounda beginning: " iili Aefij- or 
are desoribej aa g conipu)ind.s under the 
word to which tliia prefij has been a.I.I. J. 


BETAINE C,U„N(), i.c. M,. 


,(■11 


'>CO. 


tvihydrul.^ of tiui otcth',L..hydro^i<i 4 

of di-methyl-amUlo-ai-otir acid. S. hi at iiO Jn 
tlio hydrated condition CJ t„NO., a.|, it nmv be ro- 
prcaciitod by the formula Me,N(01l).(3Il,.C().II. 

OccMrrcncc.-3. In tho juice of beet root 
{Beta vulyat'is], and in beet-root molassca 
(Hehoiblor, ti, 505; B. 3, 155; Licbroich, X, 
C, 500; B. 3,101). 'flio unripo root oontaina 
■ti5 p.o. i tho ripe root only •! p.o. Tho betaine 
ia not presentin tho root aa bucIi, hut is liberated 
by trealincnl with ltd or baryta. •>. In man¬ 
gold wur/.cl (Sebeiblcr, [•JJ 5, 630). ■ 3. In 
cotton seed (lliMhausen, J. ;ir. CJ) 30, 3-3),-4. 
In tho leaves and brancheauf Lycium harinrum 
(MarniO a. Husi inann, .1. Swppf. 3, 303 ; 3,215; 
•ir. B/i. [3J >!, 210).-6. lu putrefying flesh 
(Gautier, III. (2J -to, 13 ). 

Fonmtion. —1. From tri-mcthyl-amino and 
chloro acetic acid (Liebnlcli, Jl. 3, 13), -2. Ity 
oiidatiou of neurme .Mi'jN(()l[) CH..C1U)1£. 

3. (ilyooeoll (I mol,) is dissolved in KOIl.\i,'and 
mi,ved with .M.d (3 mols.) an.I .Me(.)U; tho 
liquid being kept alkaline (Griess, B. 0, 1400). 

4. Silver glycoeoll and Mol gives tho iodide, 
Me,SI.CH..CO,II. 

iVi’purufion. — 1. Diluted molassea aro boilod 
for twelve boura with baryta; excess of baryta 
is removed from tho filtrate by CG,; the liquid 
is eva» “ated to a treaelo and exhanated with 
alcobur ; tho alcoholic solution is treated with 
nlcoholio ZuCI,; tbo iqi. ia rccryslalliseil from 
water, and decom;ios(td by baryta; tbe barium 
ia exactly removed from the filtrate by IIjSO„ 
and betaine bydroolilorido crystallises on eva- 
jioration (Liebieieh, Jl. 3, 101; cf. Hcboiblor, 
B. 2, 202; Friililiiig a.,Schulz, II. 10, 1070). 

Bro/fcrtie !!.—Darge ory.ataia (containing oq) 
(from alcohol). Tpd. as plates by adding ether 
to an alcoholic solution. Deliquescent. Over 
1I,S0, Die cryatals become C,l£,|NO,. Swoet 
ta.ste; neutral to litmus; inactive, Decom* 
posed by heat, giving off odours of NMe, and of 
burnt sugar. Not affected by OrO, or HI. 
Fusion with potash givia off NMe,. Iodine in 
KI pps. brown m.;dles of a periodi<ie- 

Salts. -U'rfClorMe,NCI.CIf,.CO,II; mono- 
clinic tables, V. sol. water. li'lfAuOl,: plate# 
thin needles. *- ByijFtCI. 2aq (It.).— 


't',H,PlCI. 4aq (L.).-(IiUC;),H;;Clj. ‘ -B'ZnCI,. 
~B'KI2aq (139’) (Korner a. .Vetiozzi, O. 18, 
351).-B'KI !2'2fi’l. ^B'.U.I.(BiI,)j (Kraut, A. 
210, 318). -B',H,SO.. 

Utthyl effier. —Iodide INMe,.CH,.CO,M*. 
From ailver glyooooU and Mel (Kraut, A. 182, 
180). 

BBTH-A-BAREA COIODE 0.,H„0,. [185°1. 
A dye extracted from a West African wooit 
(Sadler a. Howland, Am. 8, 22). When dried at 
100’ it contains 3aq in the moiecule. 





MBfowair <v«,.Oi ifc «p.m»*(6h), 

{1:4:8:8]. [Ifl3«]. P-Onin. Di^. 

f-ayhne. pi-methyUresorein. 

Formation,—!. By boiling' (0)-pioroerythnn 
with baryta (StenhouBO, yj. G8,101; Lamparter, 
y(. 134,218; Men3chntkin,BJ.2,128).—2. b'rom 
imido xylenol, C,H,Me,(NtI,)(()n) (l:4:3:ii) by 
the diazo- reaction (Kostanecki, D. I!),.2:i21). 

Prfjmration.—Tho lichen Ifsnen barhiUa^s 
Ihnronghly extracted with cold water (lOpts.) 
and CuO (1 jd.), the extract ix mixed with IICI. 
A |)p. o( iiHiiie and barhatic acids is formed. 
Thi» mixture (1 pt.)*s liuiled with water (40 pts.) 
and CaO (1 pt.) (or (our hours. An insoluble 
basic calei4; nsnate is formed while the barhatic 
acid splits up into CO, and Isdorcin. Air must 
he oxcludtsl, for bebtrein oxidises very remlily. 
The (iitrate is at once neutralised with IKil, 
acidified strongly with acetic acid, evaporated 
(to (i pts.) filtered from son.o tarry matter, an'l 
evaporated further to crystallisation. Uecrystal* 
lined first from bcnxeou, then from water. 
Yield per cent. (.StenhoUBO a. Clrovcs, C. J. 
417,8'Jll). 

1‘ropertm, Ticbs soluble in water than orcin. 
-OivcB a more crimson colour with hypochlorites 
than orcin does. l'’e,Cl,, gives a green colour. 
Ammoniaeal solutions turn rod in air. Boiled 
with NaOIl and iihlorofomi it forms a rod, 
non-fiuns'esceut solution. 

BETDLIO ACID 0„H„0.. (lOS'’]. From 
botulin and OrO, in HOAo (Hausmann, A. 
182, .878). White powder, v. si. sol. water, v. 
aol. nIoohoI.-l>b,(C„II„oj,. 

BETDLIN C,.»,.0,. 12.51^; [2,'!8’ oor.l 

(Hausmann, A. 182, ,1011). 8. (alcohol) -7 at 1.8° ; 
4’2 at 78°. Occurs in the tark of the bireli 
(Lowitz, Crell. Ohfm. Ann. 1788, i. ,802; Hiino- 
fold,,/. pr. 7, 63; Hiss, J. pr. 1(1, 101; .Stiihelin 
a. Jlofstetter, A. 61, 72; I'aterno a. Boiea G 
7.608). •# 

Prejuiraliim. ■ Thu bark is extracted with 
90 p.o. absdiol, the alcohol evaporated and the 
residue after washing with water and with soda- 
Bolution is cry.stalliseil from Isur/.eno or naphtha, 
the crystals are liunlly decolourised with animal' 
charcoal and rccrystalliscd from alcohol (Frau- 
.ehimont. /I. 12. 7). 

Needles ; may bo sublimed. Iiisol. water, v. i 
si. sol. C8,, si. sol. alcohol and ether. At 1110° I 
it gives an Anhydride C„I1 O,. On .Ihslilla- ' 
tmn alone with powdered zinc, l’.,0* or l’.,H i 
hydrtwarbons are produced of doubtful con” ■ 
Btitutiou. I 

Acetyl derivative C„II„0({)Ac), I 21 fi°l. I 

BETDUlf.AMA*Rft AClli C,.,II„0,, From ^ 
bctulin and fuming UNO, (Hausmann, A. 
182, 374). (hystals, v. si. sol. water, v. e. sol 
alcohol and ether. At 110° it gives the anhv- 
drideC„H„0|, [lsl°]. * ■' 

Salts. - K.C„tl„0„. - CnnaC,JI..O.,. — 
«a,C»,H.,O,..-I>b,0„H„O,, Cu.C„li„ 0 , ' 

Ethyl ether Ut.C„H„0,.. [117°]. 

BETULOKITIC ACID C..H,,.0,. [94°]. A 
white resin foiiiid on young birch-shoots and i 
leaves (Kosmaiin, J. Ph. (3) 20, 127). Iiisol. i 
*"'■ “'‘'“'‘o' »nd ether. Oxidised bv ' 
kINO. to piorie acid. --AgC„H„0.: flocculent pp. ! 

BEZOAR. -A concretion found in the stomach 
«t mtcsUues of a variety of goat, Capra icgroijm ,, 


ellagie andiHthopelMe acids. ^ ! ■ 

BlOnOHAIES, same aa Biossoiutu, a .«, 

onder OanoanDii, icios or. * 

BIODHYBA FAT.—The fat of SPyrietica 
btcuhyH consists chiefly of the glycerides of 
myristio and oleic acids; it also contains small 
quantities of resins and free fatty acid (myristio 
acid), and a very small amount of an ethereal 
oil (Noerdlingor, B. 18, 2017). 

BIEBRICH SCABhEI ». p. 308. 

BILE.— A liquid secreted hy the liver. It is 

viscid, of green or brown colour, and has a bitter 
taste. 8.(1. about 1-02. Faintly alkaline. Pos¬ 
sesses an emulsifying power like soap. Its 
composition varies. Ox-bile contains sodium 
glycocholatc and taurocholate, cholcstorin, urea, 
fats, salts of acetic and propionic acids, glyceryl 
tri acetate, glyceryl tri-propionate, pigments, 
mucus, KCl, phosphates of Na, Ca, and Mg, 

, and traces of iron, manganese, and silica. 
Uuman bile is of a similar composition, 
j J.iitscliinolT [U. 18, ^(',82) has shown that 
I saponified ox.gall contains, in addition to cholic 
: acid (which is derived from the glyco- and 
! tauro- cholic acids), a new acid to which ho gives 
: the name cMcic ackl. The latter acid, accord- 
: ing to this investigator, occurs in two forms— 
anhydroua C..JI,.,0„aud hydrated C,,Il.,0.1,> nil. 

; Mylius (B. 12, 3li2) has found that cholio acid 
: by putrefactive fermentation is reduced to a 
I body (the ‘ deaorychaiie. ac'ui ' of M.) which L. 
j considers ns identical with his so-called ‘ hydra- 
I ted clwleic acid.' Aa however Ii. (B. 20,1043) 
was unable to convert his * anhydrous choleic 
] acid* into the * liydriited choleic acid’ by any 
other method than by boiling with acetic acid 
I and M. {B. 20, 1208) was unable to elTect the 
eonyeraion oven in this way, there app.-ars to 
, be little doubt that these so-called ‘ iinhydrous ’ 
j aiulf hydrated choleic nciils’ are quite distinct 
: acids (the conversion by AcOH is probably er- 
; riiiieims). the latter being i.lenticnl with the 
, ‘ desoxycholic acid ’ of M. Hence the • anhy- 
droiis ' acid will bo doscrilmd as choleic acid, the 
‘ hydrated' ns deoxycholic acid. Both these 
acids according to L. give dehydrodudeic acid 
; oi\ gontlu oxidutioii, diul cliohin-ic acid on luoro 
• vilioroiis oxidation. 

'Tockolicacid L.nssigns thoformulaC„H..O,. 
but M. (B. 12, .802, 2000 ; 20. 1208) has showji 
by a long aoriea of careful analyses that, almost 
hoytmd a doubt, it is represented by the formula 
originally proposed for it bv Streckor. 
On oxidation it first Kives (Ukydrociiolic acid 
and then bilianic acid Co,II,,0, (but 
110 cholanio acid, which when obtained from 
cholic acid by earlier juvo.stigator8, was due to 
yie presence of choleic acid). 

Pig’s bile c&taina sodium hyoglycocholate 
and h}iotaurochmuto instead of glycocholate and 
taurocholate; it also contains glyc<*ro-j)hosphori <5 
acid and nourine derived from the decomi>o 9 i. 
tion of lecithin. In other respects it resembles 
ox-bile. Tne various constituents of bile are 
separately described. 

Vettenko/er's teat. Bile, or an aqueous solu¬ 
tion of a salt of bile, is mixed with twodhirds 
of its volume of H^SO, and a drop of a 10 p«o. 
solution of sugar is added. On warming to 75® 
a onmsoa colour is produced. The reaetion ts 







hyoglyoodtoHo, 

byotoarooholiot m hj ehoUo acid (PjdUenkofer, 
d, 62, 9S; cf. Neokomm, A. 116, SO; Strass* 
burg, P/litger*s Arch., 4,481). The test may be 
modified by using phosphoric acid. The sub- 
■tanoe to be tested, together with very little 
. eane sngar, is dissolved in 3 drops of a mixture 
ol syrupy phosphoric acid (5 vols.) and water 
(I vol.) and the tube is then dipped into boiling 
water. A crimson colour soon appears (Kolbe, 
J. pr. [2J 27, 421). A red colour is produced by 
many other substances than those mentioned, 
hence it is necessary to confirm it by observing 
tlie absorption spectrum which contains three 
bands: one extending from midway between o 
and n to D, the second midway b(3tween i> and b, 
and tho third between b and f (Heynsius a. 
Campbell, PJlilger's Arch., 4, 497; cf. Schenk, 
JV. 12,119). 

BILE GOLOUBIKO HATTERS v. Pioubnts, 

ANIMAL. 

BILIANIC ACID 

Or.Ht,0, probably C.,IlL,(CO)j(CO,H),. 

Formed by further oxidation of dehydrooholic 
acid C,.,lI„(CO)(CHO),CO,H. 

Prejxiration.—Cholic acid (20 pts.) in fine 
powder is adiled to a mixture of K^Cr.^O, 
(40 pts.) and H^S04 (CO pts.) in water (ICO pt'<.), 
finally wanning on the water-bath till the re¬ 
action is complete. It is isolated by conversion | 
into tho acid potassium salt, which is sparingly j 
soluble in alcohol, and then into the di-cthyl- I 
ether (Mylius, jD. 20, 1981; cf. Cleve, Bl. (2] 35, I 
373; Latschinoff, B. 19,480; Bl. [2] 48,818). : 

Properties. —Plat needles (containing ^aq.). 
Tri-basic ketonio acid. 

Salts.—A'jBajCaqor8aq; tables orprisn»s. 
—A'"IIBa2a(]; hexagonal tables, si. sol. water 
and alcohol.—AgaA"'. 

Di-ethyl ether A"'IIEta: [193®]; long 
fiat needles; sol. alcohol, less sol. cthp". — 
A%Et,Ba.-A'"2Et,Pb. 

Tri-cihyl ether A'''Kt,: [127®]; satiny 
tablets, or thick pillars. 

Di^oxim C,,H„(C:NOII),(COJI),. Formed 
by warming a slightly alkaline solution of bill- 
anio acid with hydroxylaniino. Glistening tables. 
Sol. diluto alcohol, nearly insol. water and abso- 
luto alcohol. Dissolves in alkalis, forming acid 
or neutral salts. 

Di-phenylhy dr azide 
C,oH„(C:NJIPh)./’CO.H),,; colourless needles. 
Nearly insol. acetic acid and hot alcohol, 
water. Dissolves in alkalis. 

tso-BUiaaio Acid C,.fl,A (?)• [234®-237®]. 
Flat needles. Formed in small quantity, to-' 
gether with bilianic acid, by oxidation of cholic 
acid with K.^Cr.^0, and U28O4. 

Salts.—A"1LK: silky rhombic plates, 
sol. water and alcohol. -A'"A*: amorphous pp. 

— A'".,Btt6aq; amorphous, si. sol. water, insol. 
alcohol. • 

Methyl ether A"'Moj: [98®]; needles 
(Latschinoff, B. 19,1530). 

BIIIC ACID 

pared by careful oxidation of cholic acid with 
chromic acid mixture (Egger, B. 12, 1'58). 
lEVliite needles. Sol. hot water and alcohol, si. 
sol. ether. Diba.sic acid. It gives Pettenkofer’s 
reaction with sugar and H^SO,. By oxidation it 
Is converted into cholesteric acid (0,3H„Of). 


mmt nOSOBT Of BALTS, tH« wme 
salt was given in ancient times to tJ^ mUA 
residue obtained by boiling sea-water; it wai 
then extended to inolude all solid subslanoea 
^easily soluble in water and obtainable by ovapo* 
rating watery liquids. At a later time the 
possession of a taste more or less rosoinbliiig 
that of sea-salt was regarded as a characteristic 
I pwquTty of all salts. When tlie composition ol 
; theboilies culled salts began to bo slndii'd.r. three* 
j fold division was made into acid suli.s, alkaline 
I salts, and neutral salts (i*. Acin, A;-kali, Salt). 

: Lavoisier's disooviiryof tliohaturo of oxygon led 
to the detinition of acids as highly oxygenated 
comjKmnils; and Davy’s decomposition of soda, 
potash, lime, and huryta, showed that these 
alkaline salts were also cinnpouiuls of oxygen. 
But as neutral salts were formed by the mutual 
I aetiosi of an acid and un alkali, it followed that 
they too were oxygenated compounds. A 
neutral salt, or wo may say simply a salt, for 
the qualifying word neutral had been dropped 
by tills time, was then regarded as constituted 
of two parts, an acid or electro-negative part, 
ami a I)asio or electro-positivo part. From this 
I time diialistio views prevailed ; every compound, 

I said Berzelius, must ho constituted of two parts, 

' wliich may themselves bo simple or complex, 
and of those parts one is positively and tho 
other negalivtdy electrified. 8uch a salt at 
sulphate of soda, for instance, was regarded as 
constructed of positive soda and negative sul- 
pliuric acid, rather tlian ns formed by the mutual 
interaction of tho elements sodium, oxygen, and 
sulphur. When, chiefiy as a result of tho 
work of Davy and Dulong, acids had come to 
be regarded as composed of tho positive element 
hydrogen united with a negative element or 
: group of elements, and salts were said to bo 
; formed by putting metals in tho place of tho , 
j hydrog|^«f)( acids, tho conceidioa of a salt as a 
; binary etructuro still remained. One part ot 
j every salt wus a positive clement, a metal; tho 
! other part wus a re.'gativo radicle, either a non* 
j metal or a group of non-melallic elements. 

I in some such way as this nro:v(3 the binary 
I theory of salts, a lh(K)ry wliich is hnsed on tho 
j notion of every salt being a clefinite utrnclure, 

I and which conceives it jiossiblo to place all salts 
; in one class, regard being Jiad for classificatory 
purposi-.; rather to the composition than to tho 
properti^ of •salt (v. Classificahon and 
Salts). • M. M. P. M. 

BIRCH BARR. Contains betulin (y. v.) and a 
kind of tannin whicli is turned green by FOjC!^ 
(Sliihelin n. llofsfciter, At Hi, 79). 

BISMUTH. Uf. At.w.20H. Mol. w. probably 
208 (r. Bilfz a. Mover, /-f. I\ r.4.249). 

(Uudberg. P. 71, 482 ; Biemsdyk, C. N. 20, 82). 
(1090--M50") (CarneBeya. Nulliams, C. J, 85, 
Mr,). 8.(i. 9-75'J (Sclir.Kl.fr,100,2'2fl). S.«. 

liquid 10 055 (Itobcrts a. WriKlilaon, .1. Ch. fS) 
30, 274). H.O. ia loworc-d by great pro.snro. 
S.H. (20''-48°) •0.705 (Kopp, T. 155, 71), 
(9“-102'') 02979 (Bide, Mim . B . 1855-60. 28), 
(liquid OSO'—OW) 030.7 (I'erBon, A. Ch, (31 
21, 129). C.E. (12’-4r') 001.733 (Kopp, A. 
81, 1): (O’-100 ) -OOISIO (MaUhiessen, Pr. 
15,220: V. also Fizean, P. 135, 372; 138, 261), 
Ht. ol fusion at 200'’'8 . 12,040 (Feraon, A. cA 
;31 24.129). T. C. (Ag -100) 1-8 (Wiedemaoa 
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•8G76 {Lonm, W, 13, 427, 582). Oryst form, 
Imagonal. au)»l:l‘3035; Uomorphoas with 
T«, As, 8h. B.V.8. abt. 21*3. H.O. [Bi', 0*] 
abfc. 85,600 (Woods, P. M. [4] 4, 370). 
Eini83ion*8pf!<:tnifii charactcrisc«J by very many 
lines; in aro «p»*ctriiin the prt:ilominant linos 
aro 4722 J, 41 lit. 35'W'3, 35J01, 3:j'h/2, 2583, 
2524, 2lii0-8, 2277 (Livfiij^' a. Dowar, T. 174, 
187, V- olso, n-;','inling sjjoctrum of Hi, Hartley 
a. Adeney, I\ IMl, iy,i}. 

Occurreinu'. Uflconibincd with other do* 
mcnls, in Saxoriy urftl other parts of Ocrniany, 
in Norway, Spain, California, and in Cornwall 
and Cuinljcrland, Ac. Also as Jh.Oj {JfismiUh 
ochri'i), lji;jSj {IJismulh (jlance), lU^TCj, Hi ,Ou_,S,, 
Ac., Ac. Jiismuth has b<!''n Iciiowri 
for many centuries; JJa.iil Valentino (lotii cen¬ 
tury) aeems to have boon tlie first to rueo^,ouso 
it as a definite metallic body Jleri'inatui gave 
(lie earliest fairly accurate account of its 
reactions. 

A'ornirrfion.- Native bismuth is melted in 
iron tuh(M, and the metal is run oil from 
garigui^ Ac. into pots. Jiy rentelting with jjj of 
its weiglit of KN()„ at a.s low a teinpiTuturo 
AS possible, iintii the nitre forms a solid slag on 
the surface, approximately pure jU is ohtained. 

rreparalUm. Appruxiinately pure midal is 
dissolved in (lie minimimi quantity of llNO^Aq, 
much wat<*r is added, tlie pp. of basic nilralo is 
washed, boile<l twice with pure KtHIAq, or 
NaOlIAq (Ilerapafh,/). l\ J. IhO, 41)), dissolved 
in as little llN(),Aq as posnihle, and water is 
again added. The pp. is washed, dried, mixed 
with black Jinx (o))laini>d hy healing cream of 
tartar in a oIose<l vessel) ai>d heated at about 
S70°.-2H0“ in a closed crucible. The reduced 
metal is washed in dilule HdlAq, and in water, 
and dried. Traces of As, Sb, or I'e, wbicb yet 
remain in the metal are removed by^^rtially 
oxidising and molting under the small quantity 
of lU/), formed: this may bo clicctcd (1) by 
adding a little pure K.NOj, molting in an open 
porcelain crucible, kei ping molletj for some 
time, nllow'ing to cool until a small quantity of 
the metal solidifies, and jHiuriug otT the still 
molten metal from the more solid oxi<les on 
the sorfare; (2) l»y melting muh'r Na.jCO,, con¬ 
taining 2 5 p.o. K(UO, and proc«‘ediiig as in (1) i 
(Tiiraeh, J. pr. [2] 14. 30P): (3) hy strongly 1 
iicating with 1 part cream of tartar. th<-n running i 
the molhui metal (whieh 0i»ntains into a 
oruciliU'ContHiiung eliureoal, heating for a little, 
running into an open porcelain vi'ssel, strongly 
beating in air for stMiia time, and finally pour¬ 
ing 00 the molten metal from the slag on the 
surface (Melui. P. /'. J. 211, IK7). Lilwe 
(Pr. 22. 4PS) reeoinmends j)pn. of in 

ilNO^Aq by K()|l. solu;iian of pp. in excess of 
KOll in preseiuo t»f glycerine, addition of 
grni>o sugar, filtration from Ag and Cn, and 
filing; pure lU is ppd. lb Is oblaiuod in 
well-formed crystals by melting tlic I'oinuiereial 
metal nith a little KNO, in a erncibie until a 
amall quantity taken out appears yellow \)n the 
•urfaco (imlioiitive (hat foreign luelals aro 
ozidiseil), removing the sonruof oxides from the 
turface, c*»Yoring tho molten mass with pieeea 
ofobarcoal (tt> prevent oxidutionh allowing to 
-0^ until a linn cruet has formed, pioioiixg two 


holfli in the wait, loailiig aC tha uni 
molten metal; theeradUe iatoand to te |jne4 
with oryBtala of Bl 

ProperltM.—Very luatrouB; white xKth • 
slightly reddish tinge; yery easily orystallisea i 
*hrittlo; diamagnetic, but not so when molten 
(Faraday, P. Sappl. 8,1; Weber, P. 73, 241; 
87,145; lleich, P. 97, 288; Piuckor, P. 72,339; 
76,676; 81,133). For thermo-electric behaviour 
V. Svanberg, 0. R. 31, 250; Franz, P. 83, 874; 
Mattcucci, C. R. 40, 641. Hi expand.s as it 
fiolitlificB (for method of demonstrating this v. 
Bottger, D. P. J. 212, 441). May be distilled at 
a high temperature (over 1100^) in an atmo- 
sphere of U. The atom of Bi i.s trivalcnt iu the 
gaseous molecule BiCl,. Bi forms numerous 
alloys most of wliich molt at low temperatures, 
and expand on solidification (u. Bismuth, alloys 
Oh*), The atomic weight of Bi has been deter¬ 
mined (1) by finding V.D. of, and dotermining 
Cl in, iiiCI, (Dumas, A. Ch. [3] 55,128 a. 176); 

(2) by oxidising Bi to Bi^Oa by moans of UNO, 
(Schneider, P. 82, 303; J.v>\ [2] 30, 237; Ijbwe, 
Fr. 22. 48B; Marignac,*^. Ch. [.6J 1, 288); 

(3) by converting Bi.O., into sulphate (Marignao, 
1. c.). Tho exact value to bo given to tho at. w. 
of lii is still doubtful; it is certainly not greater 
than 208. Bi is metallic in its cliemioai func¬ 
tions; it sliows a marked tendency to form 
basic rather than normal sails; many of these 
basic salts may be represented as containing 
the group BiO e.g. BiO.NO,,, (BiO);SO„ Ac.; 
several oxyoh loridcs and oxybromides aro known; 
no hydride of Bi has yot been obtained; the 
oxides of Bi aro salt-forming in their reactions 
with acids, nono of them is an anhydridi', but 
moist Bi;^Oj dissolves in very cone, boiling 
KOlIAq proliably with fonn itiun of compound.^ 
in which Bi act.s as part of the negative radicle 
{v. BisMUTUIO OXIDK Uudi'f BiSMUiU, oxrnKs Oh’). 
Bi .sligws distinct analogies to As and Sb, also 
to tnoothormemborsof (iroupV.,in its chemical 
relations; for fuller discu.ssion v. Bismuth, 
ouKMic.AL BELATioNS Of. Bi salts aro used in 
medicine: the alloys are used in printing, 
soldering, Ac. 

li>;actii»is.~~l. Very superficially oxidised in 
ordin.ary (itr: heated in air or oxygen burns to 
Bi.O,.--‘2. Decompo.ses steam at a red heat.— 
3. Combines directly with several chmenit, 
especially O, Cl, Br, I, S, Se, and To: [Bi,Cl*] 
--8().b30 {Th. 2. 410); [Bi*,0'J«abt. 85.000 
(\Voods, P. M. [4J 4, 370).-3. Scarcely acted on 
by hydrochloric acul dilute or cone. -4. With 
hot cone, sulphuric acid a basic sulphate is 
formed.—6. Quickly dissolved by nitric acid 
■ with formation of Bi.3NO.,. —6. Oxidised, but 
' slowly and partially, by^ fusion with potassiutn 
nUnitc Qvchlorate. 

i A'N^t/aafiou.-^oncrally as Bi^O,, after ppn. 
from a %>lution free from HCl and chlorides by 
exo«.'8s of ammonium carbonate, and warming for 
some time ; tlie pp.is washed, dried, and heated 
( whereby Bip, is produced. Also by adding 
much water to a solution iu as little HGl us 
possible, warming, colleoting BiOCI, .and drying 
at KiO’-llO® (traces of Bi remain unppd.); 
the BiOCl may bo reduced by heating with 
KCN, and the Bi weighed. Ppn. as Bi.^S, and 
weighing is not to be recoinmeuded, ns BiA 
, IS easily oxidised in moist air. Vohuiismc 
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iDftbodfl d^MtniuUiag Bi, m>oe of which hov> 
f r«r is ftltofiether utiafaciory, b&ve been based 
on (1) ppa. of Bi(I0a)| from aoetio 4 cid sola^ 
lions o;fa measure mass (excess) of HlO,Aq, 
and determination of residual HIO, (Buisson a. 
Ferray, Af. 5. [3] 3, 900); (2) ppn. of Bi chro¬ 
mate from nearly neutral solutions by K,.CrO,Ai] 
or K,Cr,.0,Aq; (3) pptn. of Mi pliosphulo by 
•tandanlised Na JIl’O^Aq; (4) ppn. of Bi 

oxalate, conversion into basic oxiilalc by boilin;{ 
water, and titration witli K.Mn;0,Aq ; ('») ppn. 
of double oxalate of Bland K by standardised 
KgCjO^Aq and determination of residual K.C.X), 
bv K,Mn-0„Aq (Pattison Muir, C. J. 20, 483; 
32, 674; 33, 70; (with Hobbs) C. J. 41,1). 

Chemical lieJations of Bisuudh .—Bi is the 
liighcst known member of Group V.; this group 
contains the following elements 
Ktfn$enf» S 4 6 B 10 I'J 

N=14 V*#l Nb=0J l)i = ll* Tsal82 — 
OddterUt 3 6 7 » 11 13 

Pa3I AsaTS Sbal20 Er;-.100 IU=;2eS — 

Taken as a whole these ehunenls are negative 
and tlu'ircojnpounds with fland O react as acids. 
As the groiij) is ascended the lu galive charac¬ 
ters become less inurkeil until Bi is reaclieil; 
omitting N, the oxides of tin) evm soru s 
members, so far as known, are sail b)rtiung in 
their reactions with acids; but in llic odd :u‘t ies 
members these oxkl--s, on the whole, arc salt- 
forming only in their rea<’lion3 with bases, until 
Meries 9 is readied, when the character of the 
oxides M;Oj becomes dooiiiedly basic. 'J’he • 
oxides M.d., on the wliole, an* aeid-fonniiig, but 
the acidic functions of Bil>, ar«‘ very f.ildc. 
Salts formed from acids by replacement of Hare 
oblaincil in the cat-os of V, l)i, Mr, and Bi; but 
most of l!u; sails of vanadium, and many of thu-e 
of Bi, seem to c*)ntain groups of llu' form 
acting as llio moro positive part of the salt; 
several salts of the normal type, c.<j. Bi.aNO,. juo 
liowerer known and Bcveral normal Mr and fn . 
salts have been prepared. Vanadium is charao- | 
lerised by the great number of comph'x coin- ^ 
pounds into wliicli it oiitcr?, Bomelimes ns part 
of the positive, sometimes ns part of the m ga- 
live, group of tlic salt. Considering the roniposi- 
tionsof the haloid, arid oxybaloid cmnpoiinds, wc 
find th.at, BO far a.s investigation lias gone, cm- 
]»oiinils of the form MX , and MOX„ where >' • 
a halogen clement, exi:^t when .M is any meinb- r 
of the grotip except Bi or As iN is iimito d os 
there is much doubt eoner-rninj,’ Die emupo-ition 
of its haloid compoumls), atid in the ea'^e of As 
compounds of AbFj with K I', A c., seem to exi-1; 
the coinponnd-s BiBr_,(('\H ), and BiCi.a(',dI,i, 
are known aa solids (Micliaells, Ji. 20. ;Vjj. 
The haloid compounds BiX^are b.:-s easily «»\i- 
dised than the corresjmndlng compouml* of P, 
As, or Sb. The basic cliaiai o r o^he m-:Mcs of 
bismuth, the existence of many j-aU-s in wjjieh 
Bi acts as the metallic element, tistal*ility of 
the haloid compounds BiX, and the non-cxis- 
tenco of BiX„ the non-cxi.«t‘.nce of any com- 
pound in which Bt.S, acts as the icgative 
radicle; these, among other pro|-.erf:- ^ ->^10 w 
tW Bi must be classed as the di-nnci’ 
metallic clement of (iroiip V, But t’m- b<-b!y 
acidic functions of Bi/*, towards strong 
the readiness with which so-ca'.c-1 basic- sails of 
Hsmuth are formed, the fact that Jh/i^ and 


Bi,<^ form no oorreipondinff salts, the exists^ 
Of several eomi^ex oxyhaloid oomjiounds; these, 
among other properties, show that the general 
uou-metallio character of Group V. to some 
oxtedt Wlongs to Bi. 

* Bismuth, Alloys of. Bismuth alloys with 
I many metals wlu-n melted with them; these 
I alloys arc ciiaractc riBc'd by low im-lling I'oints, 
an<l,*inany of thfin, by the expansion whicdi 
they undergo us they afl'-r I'l iiig nu lli'd. 
The most lechiiicaliy impcrianl arc:-- 

'Se'.cton'n wu’fnl; H parts Bi, A'Pb, ji'id 3 Zn, 
Jf.P.^lbP’-5: wrfuf; lu. 3 Pb, 2 Sn, 

M-P. - : Woikis mi'l.il id id, 8 l‘li. I Sn, 

3 Cd, M.P. 08’: Fusibh' mrfu/; 2 parts Bi, 
1 Pb, 1 Mil, M.P. - 93’-7; lliis alb*y »-xp.-nuls 
from 32 ' to ibV\ contracts gradually to 131'’ 
when its volume is less tlmn at 32‘^, then 
expands to 174^ after which its expansiuu is 
I uniform. 

j Amulijams of Bi are easily formed at or- 
I dinary temporatures. Alloys willi r-u-y'i-r arc 
■■ formed below the nielting point of (hi; an alloy 
' of 2 parts Bi with 1 jiart <-H Ix-gins to ex[*and 
• after solidilicatioii (Marx, S. .'‘•8, 170). An alloy 
of 3 parts Bi with 1 part ir.m is magnetic. 
AII(*ysof Bi an<i pu/fu-f’/MW arc. hard as ^(ccl; 
wiili part 8p“n::y platinum Bi forms an cii.sily 
fii'-iibir: alloy wliicli scjiaralcs into Pt and Bi 
when fused at ii low red heat. Jli docs not jill'iy 
with riwc; on mixing imdlcd Zn iitid Bi two 
layers are hirmed, otic coiifainijig a little Bi and 
much Zn, the other much Bi an<l little Zn. 

Bismuth, Bromides of. Only mm bromitlc, 
Bil>r„ Ims liC('n obtained with cert.duty; Init 
many f.icts point to llie cxisleiico of a lower 
bi'timide, probably BiBr-. 

TitiimoMimi. BiBr,. (/>/ muihous hromuh'.) 
.Mill, w. nnknown, but ))rob;ilily us n preseiited 
by formula. [2B.M-21b'j (Patiisoii Muir, (-.«/. 
29, MJl. flJllween 4.Vl" u.-198‘) {(.'ariK-lley a. 
Williams, C. J, ::3, 283). 

J-'ontuiti'm .— i. By Jn-ating powdered P.i in 
C()^ chargi-d with Mr vapour.-2. Ity U'lding 
powdered Bi lo a solution of Br in dry ether, 
and e-.aporatin,g in vacuo. 

i'rtj'-jratix'i, -1[, jiarts Br an- allowed to 
flow, in {ijjiall .sucei .s.sivo ipiantitii into 1 
part powdiTcd Bi in a Hin.'ill utort with tlio 
I'l .tk tilLid upwards; wlmn tim mass is cool, 
tin- retort is jrr////er.-Z/y wanm’d for none days, 
;;nd from tiiiw to time .i fe\v<lr‘'|i-'"( Brare ponri'd 
bito till) letort; ihe bromidi- fmms in yellow 
ctw‘fills a littlu distance above tlm healed 
m.-o v-. ^ , 

Pr 'i' flies and Reactions. GoMe-i yellow 
crystals; R.G. 6’4; Verydeliq-iesceiil; solublo 
in dry irther; d<‘c,ojnpo:je 1 bvn /f.rlo BiOBr 
find lilliAq; jartiaiiy r‘-%:c-.d t . );i by beating 
in hiyiiO'i'W, be.'it' d with Bi<> i-irmi BiOUr; 
by ; tiofl of uih ’xn ol.l.i .icd hy lieytlng 

aiareh with IlN9),A<j tl.c oxyl-romeb- BihO,,,l5r, 
is ]>r' im-<d; imi-hang'-d when hiiil' -l in (3)^ or 
S(K; rr-act-i witli )i- .ited in that 

to form (I) Jill, 3Mt,Iiii;ij i;i a straw- 
ydow powd-r. soluble in llCiA'j uml yicMing 
I’iBri.SMl.ChM .0 hy c-va) oiafion over JJ^Ki),; 

(2) probably BiMr,.2NJl,, an olive-grieri solid; 

(3) at! a'h-pr> y, erv‘tailin'-, infiisilde, yoiid, pro* 
h.il/ly IjiN,Br. Tiie e-i nti-i nel 2BiBr,.5Xil, if 




pbWiM>a(»l<«gwl&Bj>,i(i*^ _,_ 

d»r, by beating to doti redneu in diy 

NH, (Pattison Muir, 0. J. 29, IM; 18, 27). 
A solution oi BiBr, in saturated KCIAq deposits 
crystals oi BiCl,BrjK,.liHjO (Atkinson, C. J. 
48,292). Does not combine with Cl. * 

DimwiMiDK. -Probably BiHfj or In 

preparing BiBr, tlark grey crystals are formed j 
if tberu is a dcfieii of Br; those contain Br 
nearly agreeing witli the formula BiBr.;; on 
Jieating they give Bi and BiBr,. Weber {P. 
107. 500) obtained a brown mass - probably a 
lower bromido than BiBr,—by heating BiBr, 
with Bi; Macivor (O'. N. 30, lUO) obtalnerl a 
dark grey solid, melting at 198*-200^ by heating 
Bi and Br. 

Bismuth, Chlorides of. Two chlorides are 
known, BiCI, and Bi,Cl^: all attempts to form 
n chloride with more Cl than BiCI, have fuihul. 
Both may l>e obtained by the direct combination 
of Bi and Cl; Bi.CI, is separated into BiCI,, Bi, 
and Cl, by heating; Bid, is reduced to Bi^Cli 
by Iteating with Bi, or with Ilg^Cl,. 

TuicirirfutiiiK. lllCl, {IHsinui^u}ns chloruU). 
Mol. w. 314. [227®| {Pattison Muir, G. J. 20, 
144). (427^-439®) (Carnelley a. Williams, 0. J. 
«8,2«1), 

Fortnalion.—l. By heating 1 part powdered 
IH witli 2 )>arts HgCh in a retort.—2. By dis¬ 
solving Jli./), in HCIA^i, ovaporuling to dryness, 
heating in air and then in a retort.~3. By 
heating Bi.;0, in dry Cl. 

PTe^uimUon .—Powdered Bi is heated in a 
ourrent of dry Cl, in a retort with the beak 
tilted upwards and furnished with an exit tube 

f iassing into cone. when a light yellow 

iquid has been formed, the stream of Cl is 
slaokoncd and the retort is very gently heated 
for soino time; crystals of BiCI, suhlimo on to 
tlie upper parts of the vessel. The crystals 
may be distilled into small tubes i^^ current 
ol dry N; the tubrs are at once sealed? 

iVnp<*r//es and JicactionH. —White, very diili- 
quoscent, crystals, melting in Cl to a pule 
yellow liquid; H.O. 4’.'>(); soluble in dry 
ftloohol. neab'tl in air b(>t\vcrii tw<i watoli 
glasses part sublimes and an oxyelilorido - 
Bi|0,Cl, or Bi,0,Cl, -remains. Tlie same oxy- 
chloride is obtained by ttie action of ni(nui, >i 
oxides (from starch and HNO,Aq) on BiCI,. 
Healed in Bi.tH. and Bi are formed, 

at a higher temi>eratur(' nil ^le Cl is removed. 
Decomposed by w’<ifer to BiCC'l and HCl.Aq; tlie 
amount of change uiquunis on Uio relative 
masses of BiCI,, HCl. and K.X), and on the 
time; when tho yoi^j’ting bmliiK are mixe<l in 
the ratio Bid,: 2i»UCl: JI^O a little 

BiCI, ivniaius unchanged even after 14 *lays 
action (o. Pultisou Muir, C. J. 311; Ostwabl, 
J. jtr. [21 12. 2011).,. Hoiited with sulphur 
BiHCl is fornu'd {V. Bismctii hrr.pHeonr,<'iiiM;). 
Kotaoted on hy CrO.Cl.,; scarcely acted on by 
SO, ; dvK'S not combine with Br (P. M., C. J\ 
89, 83). 

CotnbinotUyns, — With avinumia to form 
(1) 2BiCI,.Nir„ a red, fusible, crystalline, 
■Olid; (2) iUCI,.2N(I,, a poenish solid; (3) 
BiCl,.8NH„ a white, volatile solid (DtSh^rain, 
C. B, 54, 724). These ammonio-chlorides by 
treatment with HCI.\q yield compounds of tho 
form zBiCl,.gNU4CI, where x varies from 1 to 2, 


•odUtm 

cnioruU lorm oorreapondiug salt with 8H.O' 
a solution oi BiCI, in hydmehlarii Had 
when evaporated gives needles oi BiCL.2HCl 
(Jacquelain, A. Ch. [2] 62, 363). 

Dichlokidb.—P robably Bi,Cl.. Mol. w. ua. 
known. 

Formaiim.-^!. By gently heating BiCI, ta 
H; but the product is mixed with Bi and BiCl*. 
2. By heating BiCI, witli Bi (Weber, P, 107* 
«90).—3. By heating BiCl,.xNn.Cl in H to 300* 
(Schneider, P. 06,130). 

PTC}yaratum,^k very intimate mixture of 
2 parts HgCl with 1 part extremely finely 
powdered Bi is healed to 230'’-250^ in a closed 
tube for some time; the mixture melts to a 
dark brownish black liquid, and Hg (with a 
little Bi) collects at tho bottom of the tube; the 
sides of the tube are tapped from time to time 
to make tho Ilg settle; after cooling the 
Bolidilies over tlie Hg, it is removed as quickly 
as poiisiblo to anotho^tube—wliich is at once 
cloi^ed - and again melted; this process ia 
repeated several time.s; nearly pare 
oontaining a very little Hg and Bi, is finally 
obtained (Schneider, P. 96, 130). 

Properties and Reactions. - Black, or nearly 
black, extremely deliquescent, solid; with water 
forms BiOCI; with potash gives Bi.;0; which is 
quickly oxidised to Bi.3),..rH.;0; with diluto 
mineral acids gives Bi salts andJBi; boated to 
about ,300^ gives BiCJ, and Bi. 

Bismuth, Cyanides and Ferrocyanides of, 

V. CYANinES. 

Bismuth, Fluoride of. Only one fluoride of 
Bi has as yet been prepared (Pattison Muir, 
HolTiiieister and Hobbs, C. J. 39, 33), BiF,* 
Mul. w. unknown. 

Preparation.— \. Bi.;0;, is added in small 
gu(ye}:sive quantities to lIFAq heated in a Pt 
di.sTi until tlic oxide cea‘!('S to bo dissolved; the 
liquiil is decanted and evaporated at 100^; the 
residue, BIFj.HHF, is warmed at about 110®- 
120" in a closed Pt crucible until dry, and is then 
heated (in the closed crucible) so long as HF is 
evolved. —2. Excess of saturated KFAq is added 
to a solution of Bi(NO,)j in the minimum quan¬ 
tity of ili’jute HMO;.\q, the pp. is llioroughly 
wadu'd with boiling water, dried at 100®, and 
lu’ated to dull redness in a closed Pt crucible, 
j iVo/wr/ics.-Grey, heavy, cry.stallinc, solid. 
^ S.G. .'>•.33. Unacted on by xcatcr\ insoluble 
I in alcohol', scarcely changed or volatilised by 
healing to redness in open Pt dish; not oxi- 
’ disi'd by heating in nitrous oxides (from starch 
I and H^^(),.\q); dissolved, with decomposition, 

I by hot HCl, HN()„ or fl.SO,Aq. Combines with 
: IIF to form BiF,.3flP (t». supra) which is a 
'crystalline, g^^yisli-white, deliijuoscent iolid, 
4h < omposed by btiiling water to BiOF (v. Bis- 

, Mint ox^FLiroiaoK). 

I Bismuth, Haloid Compounds of. BiF,; 

I BiCI,, Bi.;CI ; BiBr, {? Bi^Br,); Bil,. The V. D. 

; of Bid, only has been dtdermined; the other 
fortnulie are probably molecular. BijCl, and 
I Bi,Br, arc decomposed by heat to Bi and BiX,; 
the others are unchanged when heated out of 
air; heated in air all except BiF, are more or 
loss oxidised, BiCI, to the latest, and BiZ, txt 
the least, extent. Bil, is a very stable 
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Srdntti exiin, orlijrdtoiUM «f, j c<mtainingTw6'SH»l^ai*:—Thornton wS 

*. Botitth, OXIDM OF. ! Qla^om Phil. Soe. 184f-4S. 4); HoinU (P. 

Bimutb, lodldo of. Bil,. .Wol. w. uiilff> 0 \n> j ty, ho, 559); Schneidot (P. 88, 49 ; 97, 480) i 
proteblyasrcpresontetlby tornuilii. Arppo (/'. Ul, 237); VoRcl (Kaslncr's Archill, 


-M.-s'l); Ber/olius (7;,c/wW/i,’i, o7i {AUied.]); 
ScljilT m, Pattison Muir (0. /. 

•12. VJ8;. -2. On oxiilcA cmiiaining more O than 
Ui^.O,: —J!uv|iiclaiii (183SJ 1!. 1) j lleintl 

'I8H] (i*. r».V.)); Arppo [ lHir)i {I\ {\i, 237); 

{isr.sj {J. pr. 73, SolnVxI. r [18«3J 
' (.-1. 121, 2(HI; H(>{‘«I^»kor [!><<'«•* (.i. 123. fil); 

I Wi'riiioko jlSTOJ (/*. 1-Jl. 0. llolTtnaun, 

flSSIj (.1, 223, HO); PuUisna Muir (ls70 to 
IHsiii ((’. ,7. 22, Ml; 31, 21 ; 32. 128; ibid. 


S'ormatioH. —1. Jiy iu‘alin;» an iutiiuato 
mixture of 1 part IJi.S, with 14 parts I, in a 
large, loosciv coverni* tla?k, anJ tiio.i ij4‘utins 
thcsublimoa Dil,at 100 ■' to remove? 1 |S.;hiu‘i.l. r. 

P.09, 470).-2. By Oroppin;' Bi3SO. in dilut** 

HXO,A<i into iroinr. Kf.V'j. 'li.s^olviij;^ tno brown 
pp. ia fairly c'liic. tflAii, and ppR. J.il, by lU 
littlowat-rar |U iiiini.’14ii'r!;, I‘. IS, 109), 

drying pp. at 100 au'l n'lijovin,.; fri'o I by one 
or two wasliiiips with ulxnlute h1co1»o 1. -3. By 

the action of KIA-j on Bi .O,. : 3:», 21 jwilli HoiTmoistera. Uobb.s]; ’fil, 77 [with 

^ Pntp.ir.ifim. -An iniim.it*- mixturo of J part ^ CarnogioJ); IbuH'brock [ISM7| (i.\ 20, 213). •• 3. 
Biwith 2part3 I is gently In^ati-d in alla^k with j On Bi.O,: — Boiisdorfl (/’. 41, 30r>); Bucha {6*. 
a long mok pas.sing into nnoihor lladk ; the i 07,420); Stronn-yor (i*. 2«5, r)r),3) ; Biolng (.1/fw. 
Bublimale i.s linoiy powden'd and again Jioab’d { Phurm, 3.’), Ill);’ Patlisou Muir (/.o.). 
Inthesauio way as beforo; tliis Is repeated once ! Hv»'fmjsMUTJioim oxiok. Bi .O^ 

or twice; ami finally tin mass is distilled in a suh.Kfub'. llistnuth di.ixvU. Pluck oxidt of 
fairly rapid cunem >>f -Iry Cth (WVber, i'. 14, bi:^inuth). 

113 [Bligbtly modiiif I t. j I'rcpirutlun, ■' S. mixture of 1 part SnCI, 

Proih'-ytii'H till.I ^I'a'.lison Muir, , and 2'i» part? Bi.O^ is dis.solvcd in as little 

llotlmeisti.'ir a.ll iblis, (\.f. 33. 3'i.) Baik '’.ri'V, ; fairly JUIlAfj as possible, llio solution ia 
motablike.ln Ui'ons.ci y .!;il - iprobiibiylit‘;v:i;‘.imal, 1 ponn/.i into auiixorss of KOllAfj {about 1 KOli 
Nicklo.s, (’• Ab oO, 872); S.O. u fi.'i. S. (alcohol ■ in joAij) in a .stoppincd ll.isk aotlnit tho llask is 

at 20^) c. 3m. Unchanged in (i!r\ b.Mfcd in i insirly tilled with tlm li(|uid; the 8top]>er is 

aira very little Bi_()ji,s fortned. Um haagf d by i ]>lac*’il in tlm Ibisk, and the black pp. ia Allowed 
heating in l.y or with yu^plmr, or in to settle; tlic pp. is washed with cold KOUA<i 

sulphur iU'Ki-i i.\ .Slowly cliaihmd to JliOl by | (in mr-fivo water) l. ss oonccnliatod tlnin that 

a largo ipnnlity of cold .wibr, m .'.-t* tpii-dily j uscil in tho ppn. tlm JIask being each time 

by boiling wat»-r. Vf-ry p.u t .;illy oonvi-rtod into i nearly lilhsl \vill» the liqtiid, n>id tlion witli air* 
^*9? hy ' in N o-xiiict; (from starch and fn***, wali r; it is then quickly dried by pressing 


HJ^OjAij). Bil , IS mucli more slablo than cither 
BiCl, or 

Comb/im.';,.;;4._\VitI: Ilf toformBifj.in.lir.O 
(Arppe, /'. 11.2 IS). \V,th M{ iM - N.s, K. Nil.), 
anil MI-; (M ^Ca, Ba, M;', Zn), to form di h.!o 
compounds i-i"morphous withthu coiTcsj)onding 
compounds of S1)I,: olitaitmil by direct com¬ 
bination of the ifjJidrs, or by acting im Hi with 


ln'twf eii ii!(‘ r papi.r, and placed over 11,80* m 
(Schneider, P. KM, 45). 

/'li'p./til's (in I yfcfjcfmrt.t.-Black, crystal* 
line, pow.b-r; b« gins to oxidiso in air at about 
Isi) ; at -*•. heat quickly oxidised to Bi/J,; 
oxiilisedlo Bi3.>,..crBO and Bi^jOj-.rH/) byboiling 
with KttllAq midJh-; oxidised to Bij)...rlip 
by K Afii/KAq; wh n moist, Bi^O., i« rapidly 


I in presence of tlm iodido MI or Ml^; tlu-y are ; oxidi-;. .! in air to 111,(^.211/1; oxitlised by con- 
all deliquoscenl, and an* easily resolved by water '■ tact with a very little HNd,Aq, decoinpo.sod to 

into their component iodid-.a (Nickbhs, C. H. Cl, 1 Bi..fiN'0, ai. . 

1097; Bm.an. B. 111,210). ' 

Bismuth, Oxides and hydrated oxides of. 

Four oxides aro known, Bi^O, Bi .O„ Bi/)., 

Bi,0*; as none has been gasified, tho V.D. 
and hence tho molecular weight of none ia 
known. These oxides all react with acids to 


and Bi by more HNO.Aq, dissolved 
: entirely by a considerable quantity of tho samo 
; u’id ; docompo.sed by llClAq or Il,SO*Aq to 
Bid.., or Bi sulphate, and Bi; ilooxidised, to 
ih, by heating in 11 or CO; decomposed by 
boiling KOWAqwith formation of Bi (Hchneidor* 


X-NO„ 


•f.c.; I’altison Muir, Lc.). No hydrate of Bi^O, 
BiX„ where ! has been «b-finitely obtained. Solution of Bi«Oy 

<10.; if mud. walcr is present, i ‘'‘.'“l''™ H'<H.'>7 ««!tion 

* j With II^.S (Schneiderj, u. Bih-mumi i>jsui.riiii>E. 

Bist,n;iii<>i.rt oxioK. Bi/), (Jiismuth Itioxide), 


form the sanii.' scries of salt 
SO,, CO, 

2 2 

basic salts, usually of tho form BiOX, aro 



bat no salt.9 have been cerlaimy obtained 
which the acid radicle is couipo.sed of Bi and O. 
Bi^O. is easily oxidised to Bip,; Bi,0,atid Bi/J^ 
•re aeoxidised to Bi^O, by heating in air or 
oxygon to about 320’ and 250’ ttspectivfdy; 
Bi.O, is unchanged when heatod in air or 
ozyjsen. Bi^O, is not hydrated by contact with 
Wttter; BiyO* and Bi/), are hydrated in moist 
akt m contact with water they are partially and 
•lowly deoxidised to hydrates of 
’"V;'Ypfc. I. 


Ffjrnuifiort.—1. By heating Bi in air or 0.— 
2. By ppg. Bi nitrate or cliioride solution by 
excess of alkali and boiling; tlius prepared 
alwavH contains some oxynitrato or oxyohlorida* 
Pieparalion. —1. X)asic Bi nitrate, obtained’ 
by ppg. solution of Bi in MNO,Aq by large 
exr;4fSK of wat^ r, ia heat^^d in a Pt dish with 
constant ugitaiiun until oxides of M are no 
longer evolved. If this oxide Is fused with 
KOU it oryslaiiisoi on cooling in rhombie 

hh 
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prfnni. (Ho^deiuUOIdi P, 

1J4, 5I9).~1 BiOOlig.v) i$ tlMken tor tomt 
time wito inj eono. KOakay antil the ^ange 
to Bi,Ot ana KCl i« oompiete; the Bi,C^i is 
washca with cold water until quite free froqi 
KOU and KCl and dried : the oxide may be 
thus obtained in diritinct crystal.?. 

Proper/«'S and HmctUmn.— Hfravy, yellowish- 
white, solid; unchang(?d by boating in aih' or 
Off/f/en. L)iss<ilvei In acids to form Bi Balls 
(t*. liiHJiUTH, H.u.TS <tv). IlFAq heate<l with 
Bi,0| dinsolvcH part of it ns JhF,.3ilb' and 
converts the rest into iiXAq (X - Cl 

or Ur) added to lii^O, little by little converts the 
whole of the Bi into B:OX, on addition of mort! 
IiXAq the BiOX dlKsolves as UiX,; with a little 
iilAi] Bila is nluno formed, if very dilute HlAq 
is added and the tenip(^rature is raised BiOl only 
IN produced, with considi'rahle excess of fairly 
oono. IllAq Bil^is formed ao I dissolved, lleafod 
in chlorimu UiCl, is fonnodi with brnminc liilir., 
aud Bi,,0„Urf are produced. JJeated in cailnm 
mono/tV/e reduction lM‘gins at about 200 \ and 
in h//droy('H at about 210'. BiX)., is not hydrated 
in »{<»«/aiV; nor is it nlterrd by contact witli 
water, Unoltanged by luuliii}; in yutroijen. 
Oxidised to l{iJ),and BiJ\l>y action of chlorinti 
in presence of nnn-h hot K())IA(|; scariady oxi¬ 
dised by K..Mn^<>,Aci(v. further HYroitisMUTiiic, 
and Bismutiiic, oxiok). 

JIyj)UATKo nisMtrTiniurt oxiok. Bi.Pv^UiO; 
s»l, 2, and ii. The hydrate willi 21I;0 is 
obtaine<l by dissolving Biihjdl/) in cone. 
llCIAq, ppg. by KOllAq, and ilrying over 
liBO^ in vacuo', the hydrate with K^O is 
obtained by dissolving in ci»nc. 

reducing by Sl)^, ppg. oy KOHAq, aud 
drying as before (P. M., J. 32, 131). 
Bi»0,.311,0 is very diOictiU to obtain tpiite free 
from oxy-Bultsand Ui.,0.,; pps. fornn-d by adding 
KOHAq to llijO, in HOI, ilNO^, oi\J^rH(),, and 
wauhing with cold water, always contain basic 
chloride, Ac.; if washed witli hot water tln\v i 
contain Bi.O,. Nearly pure Ui.^Oi.31i,.() i.s oU- ; 
tained by dissolving Bi^O, in the ininitnitio of 
IlNO,Aq, pouring into excess of eonc. N[l,A«i, ; 
washing with cold water until tho wasliings 
contain no nitratofl, tiuui repeatedly agitating 
with vrrii dilute KajCOjAq (to deeoinposo traet s 
of basio nitrates), again wasliing repeatedly , 
with cold water, and drying in racMo over H^SO,. j 
Tho liyilrates of BiO, are .white solitls, ea.sily 
dehydrattMl by heat, pn tially even by eontact, 
with hot water; Ui.Ua does not directly coin- ; 
bine with wati'r. TIio hydrati s behave towards ; 
acids and oxitlisere similarly to None 

of th.ese livdrates sluixw the slightest in¬ 
dications of aoidio functions. Thomsen gives 
tlto thermal values [Ui*, O’, 3ir‘O}--137,710; 1 
BilVIIMlCl.\q]»14,V'0. with formation of^ 
BiOCl f 2ll,OAq (TA. 2. 244). 

nTromsMrTHte oxiok, ano IItmlvtks, 61^04; 
BIO,.!!/); BiAV-^HjO (Arppe, SchrMer, ! 
Biitlgcr, Wernicke, Pntlison Muir). /Ve/vjrufion i 
of •• Bi,0, is suspeniled in KOHAq, S.(h j 

abt. 1’8S, the liqui'l is kept neatly boiling, and ; 
Cl is passed in until the solid is dark chocolate- j 
rod and quito homogeneous to tho eye; the solid j 
is washed with hot wati r until tho washings are ] 
neutral to litmus, kept in contact with diluto : 
U^0|Ai (I QOtto. acid to abt. 20 water) until tho | 


ootoarof ^ aolid liai Immbm brQwa!A>jf«fto« 
(12^16 hoon) (k> diuoive anj Bi^. and^todiiea 
any washed free from amd, and boiled 

with ooDc. NaClOAq (to reoxidiae any traeei of 
Bi,0,) until a heavy, yellow-brown, powder ie 
formed which settles quickly; this powder ie 
washed with hot water until quite free from 
alkali and Cl. and dried at 180'^. 

Jlydratcs.- If the drying is conducted over 
n^SO, the liydrntn Bi;; 04 .n 30 U obtained. If 
Ili/),..rIIJ) {v. infm) is treated with warm 
IlNOjAq until the colour is orange-yellow, 
w.ished, and dried over H.SO,, the hydrate 
Dip,.211./) is obtained. These hydrates are 
also formed, the first by the action of ordinary 
air on Bi.O,, and tlie second (with 211^0) by the 
action of moist air on Bi-^O*; they part with 
tlicirwaterof hydrati-m at about 

Vro}<ertu'.s ami Ucactions. -]iU\ is a brown¬ 
ish-yellow solid; S.O. 6*6; ib'oxidised (to 
BLO,) and di.ssoivcd by fairly cone. HNO,Aq, 
or IIClAq, more slowly by cone. II-^SO,; slightly 
deoxidised by contaiA with water in direct 
suiiliglit, oxiiiisod to Bi.^O^.jH/') by Clin presence 
of hot cone. KoH;\c|; is not oxidised by ozonised 
Oat ion’110’; hciitcd in Cl gives BiCl, and a 
little BijO^CJ,; heated in Brgives BiBrjand con- 
Bidciublo quantity of Bi,,0,,ltr,. Heated in CO 
reduction begins at ubt. 105’ and tho change to 
Bi-^O;, is coinpb.'to at about 215^-250’; with H 
tho corresponding temperatures are abt. 200® 
and 205 resperlively ; lieated in air or in 0 tho 
temprraluies an- abt. 210^ and .')20', resiicctively. 
NVitli<-r of the hydrates exhibits any decided 
; acidic functions. 

BisMtTTun* oxiUK, ANO Hymiatk, Bi-^O* 
{Jii'HHiith pernride). {liismuthic 

acid). S.O. Bi.O,, b'DlT (Brunner a. Watts, r.3f. 
1HH1.02). S.V.S. 12. S.a. Bi/b,.irO 5-75. 

■ BijOj, or BiOJIj, or BiOCl, ia 
..uipended in about 10 parts of cone. KOHAq, 
S.O. about MiH, tiu; liquid io kept nearly 
boiling and Cl is pas.scd in until a dark-rod 
!i«>n '»gene<)iis i:olid i.s formed ; this solid is washed 
with hot water until the washings do not change 
the colour of ifd litmus paper and every trace of 
c'ldori«le is r.'iiioveil, it is then warmed for a 
very shmt time with a littlo cone. UN0,A(i 
until its i-olouris scarlet, washed repeatedly ana 
quickly with «lilule lINO^Aq, each quantity of 
acid being more diluto than the preceding, and 
then with cold water until every trace of acid ia 
removed. H tho solid is now dried over 
H..SO,. Bi/)j.ll.p i.s obt.nined; if this is dried 
at 120' Bj/)j remains (Paiti.-o.i Muir, C. J. 
3l>,22). 

Properties atul ^Peaetions. A red, heavy 
powder; c<»mbines with water to form BijOi.HjO; 
in contact wil^nuich water is .‘^Imvly deoxidised 
withtiwuduetion of hydrates of BLO 4 and BijOj; 
also deoxidised by hot dilute HNO,Aq, giving 
firjit Bi. 04 . 2 H.,. 0 , and then hydrates of Bi| 0 «. 
Deoxidised to BIjO, by healing in current of air 
or oxyger at about 250and to Bi^O, by heating 
in the same gases to about reduction in 

begins at aliout 70“, in H at about 100*; 
reiluetion to lU/), i.i complete in H current M 
about 215*, and to Bi/), at about 265*. l^aoti 
with Cl. and Br, to give Bi(3, and a littlt 
Bi|0,Cl|. and BiBr, aud * litUo BiiiOn^n 



l>git 

uiik fooetiont; Bi^^H^, Iioivanr, ditsohM 
in ftbout 100 p4rt8 of boiling KOHAq so coo. 
eeatrotcd that solidification begins the moment 
the lamp is removed; on cooling, dissolving in 
as little vrater as possible, and nearly neutralising 
by HClAij (or by exi)03ure lo air) yellowish- 
white solida are ob'.ained from which all i>iHash 
19 removed only by very long-continued washing 
with boiling water. Ti>e solids dried at iO(H 
contain a little wali-r. Hi, and generally ratli»?r 
more 0 than is Virquirt-I by Solutions of 

Bi^O,.irO in very cone, boiling KtJM.-Vq, there, 
fore, pr<ibahly eontuin compounds of the form 
arBijOy^KX). In ihr preparation of Bi-,0^ the 
very cone. KOHAq diss,dvrs a little of tlio Bi.O, 
as this is formed; on nearly neutralising wlili 
HClAq a while pp. is ulitaineil, wliieh, after long- 
continued washing with boiling water, consists 
of I3i_.Oj.3irO (I’iiltistni Muir a. Carnegie, (\ 

51, 77). In tlie preparation of Bi.jO, a por¬ 
tion of the potash is very obstinately n-Uinotl; 
the whole of the potash can scarcely be n-movccl 
by washing with boiling water: coinpomid.s of 
the form j’l»iX).,.t/K.() are probably formed, but 
every attempt to is.date th.ve bodies has failed. 

Bismuth, Oxyhaloid compouuda of. (Ksy- 
bromides, oxyeliloreb s, oxyiodides. and an oxv- 
fluoride, of lii^mnth have br»’n prc parr.l. AH 
the haloid eiitiipoutids BiX„ wIuto X- Cl. Hr, 
or I, arc oxidis.-d by lieating in air; only a 
very little Biol is produee<l )iy long cimtinn<‘d 
healing 13il,; Hil’.r, gives Bi,b,,Br„, as HiCl, 
gives BijOjCi,. Th*‘same oxyhaloid ••oniiiniiiids 
are formed by ifio reaeiion betwoen ,N o\i,|,s, 
(from starcli and Imt UNO,Aq) and Imt IliX,: 
the oxidation is carried fnrtlwst in lln- caso (,f 
BiBr„ in this f-a-e the whole or mvirly the 
whole of the h.poid compound may be t)Mdisi ti. 
The most stable h.iloid compounds towards 
oxidisers arc BiF, and Bil-. 


otddifMl. ia the Bcooisd XMcUoa moat of wt 
BiBfa it ozidlaed. In cither cue the produei j| 
washed with water and dried at 100 ^ Titii 
! ox/bromide it a grey, lustrous, orystalliiie, 
Y‘owder; unchanged by water, or by heating to 
redness; soluble in IlOlAq and cone. HNl),Aq; 
sloxN’ly rcilaced by H, linally giving Ih ; heated 
in*dry NH,, Bi remain.^, and a gri ish-grecii 
sublimate of LMhBrj..'>NHj is fonm d iB. M . C.J. 
30, 12; 31, 24 ; 32, lOi. 

OxvcnLOKincs. Three oxychloikde.s, BiOpl, 
Bi;0,,Cl„ (r>r BijOjCIp, arc kiaovn. 

lUsmiiilnjl chloril(\ BiOCI, is formed by 
adding water to Bi(’l, in a litlle HClAq; or by 
pouring Bi,3N'0,in HNO.Aq int.i dilute NaClAq ; 
or by reacting »in exerss of Bi with very 
dilute llClAq ; or by dig«‘sting a solution of 
BiCl, in ]lCi.\(| with exei’ss of Bi.t),. TIjo pp, 
is washed with cold wut. r and dried at lth>'\ 
This conipiMjml i.s a white, lustrous, crvslallino, 
powder (Known commercially as ‘pi-arl white') 
7‘2. R(‘acts with I’old MBrA*| to gix'o 
BiClj an<l BiBr, ; with cu!,| HIAq to give BiCI, 
and Bil,; witli liot lIl’Aq lo form BiCij, BiOF, 
and ItiFj.HlIF. B(dtioe<| to Bi(d, by Jjcaling 
With charcoal in dry (') (.laeqtiolain. ■/. />r. 1 f, 1 ; 
AiI'l'o,/'. gJ,•j:t 7 : (». -.ton, l\ tin, C-N; U«dnta, 
J‘. bit, ; Battison Muir, C. J. 3'.», 37). 

'riir •(./'//.•b/iU a/, Bi.()„CJ, is said lo be pro- 
duc*<l by hraling BiOCl to ii dtio-.s (Arppe). 

The BijOAUj is formed in small 

qu intitii s by slowly suliliming BiCIj in eniitact 
With a little uir, uiul in largo quantities by 
p.issing N oxidrs (by healing starch with 
HNO,Aq) into melt« ■! Bit-!,. The analytical 
numbers agree fairly with Bi.O.CI., and also 
With J{i,()j(H,. The eoinpounil is a yrdlowiah- 
while, liavd, cry.stalliue, solid ; un<'hang<‘d In air, 
or by water or by healing lo redness ; soluble in 


OxYBli-'Mli-KS. Three oxybroniides are Kii'ovn: 
BiOBr, Bi,,0,,Br,, and Bi„(), _lJr„. 

Jiisniitthi/l broinol)', BiOBr, is produced by 
the action of water on Biltr,; or by heating 
together Bi t), and BiBr, ; «)r by di^solxing 
Bi.jOj in IUh’Aq (BiBr, is formed in solution) 
and adding Bid), little by litlle. It is a white 
amorphous powder; S.G. 07 ; insoluble in 
water; unchanged when healed (o ndness; 
mixed with charco.al and heated in dry C), 
BiCl, is formed; r<aets with cold IlCl.Vq to 
form Bid, and BiBr,. wiili c<ild HIAq to form** 
Bil, and HBrAq, and with liot HFAq to form 
BiBr,, BiOl*' and .BiFj.dllF. BiOBr heated 
in NH, is reduced to Bi, and a lilllc 
aBiBrj.r/NH, i.> fonm-,!, .r probably-2 and y 
prohalrly « n (I'nlti-'Ui Muir, C. J. 2f), 141>. 

The o.ryftr/i.on /,> Bij,0,,Br^r3 produced 
beating dry Bi/), with 4‘xcess of Br foj Fomc 
hours and removing uncomhined Br by warniing 
in free contact with air. It is a cream-coloured, 
non-deliquese.-nt. amorphous powder : tin- j 
changed by heating in air ; unacted on by I 
xvater; dissolved bv warm IIClAq and HN’O.Aq 
(P.M.,C.X 31.21). I 

The oxybromide Bi,0,-,Bra is produced (1 j by • 
tlowly subliming BiBr, in contact with a littb: 
ftir; (2) by passing N oxides lobtaim'd by j 
hottingilarch and UNO,Aq) into melted BiBr,; j 


liot IKHAq or HN(),Aq ; boiled with NaOHAq, 
Bi .O.and Na‘.'!Aq an foru'ed il‘. M.,r../. 32,10). 
! OvYi j.roini'r. (eily om-i> Known. Hhitnuthyl 
'■ flii n iib\ BiOF, IS oii(ain»' I by heating Bi)), with 
large cxee^s of HFAq so long as any reaction 
oceins, boiling tlie r<*^idiie with wabr until every 
trace of acid is n.unovisl, and ilryiiig at 100'’; if 
the washing is conducted witli eold water until 
marly neutral, BioF.2HI'’ remains; when tliiti 
is strongly heated in .a clofud I’t cnieilile, BiOP 
is obtained in tu v taMine forni. 'J’Jie liquid ob¬ 
tained by*laiilir>;* Bi_,<), with HFAq evaporated 
at ioi)'' gives Bil ,.;iHF ; when thin salt ii> boiled 
willi water it ia rlowly (lecoinpt>v«‘d to BiOF. 
BiOJ-’ ja a heavy, wlnte, crystalline, powderj 
•''dh Ty 7 .->0. Wbtii HI'' it forms the doublo 
compound Bi()F.2HF. Jb aeis willi cold IlBlAq 
to form BiCl^ and HFAq; witli HBrAq to form 
BiBfj and HFAq ; will^HlA-; to form Bil, and 
HFAq (1*. M., lIolTmeiHUjr a. Bobb.s, C.«f..SO,21)« 
()iYr.»rjn)i;rt. hi>inuthyl BiOI, ia pro* 
dtieed by boiling iJil, with H.Hin email quftn* 
lilies, by Hubliming Bil, in air; or, also in amall 
(pianlities only, by roaeting with N oxiden (from 
starch and hot IINO,A<|) on hot Bil,. BiOl ii 
a heavy, red, r.ry-UIlinc powder, unchanged 
by water, or Iqv beaiing in air; by long-t^ontinued 
heating to bright ie‘ln<;ss in air a very IHtld 
Bi/), is formed; reacts with HClAq, HBrAq* 
and Hb'Aq, similarly to bUmuihyl chiortd# 

Ii b 2 



toi taBite424) P.K, j 

H* Zr9*)> 

Another aeyiodide, probably SBiOI.4Bi,Ot> 
(l obtained as a yellow ^nder by pouripg a 
AHute oolntion ot Bi3NO| into KIAq mixed with 
KaC,lI,<l Aq (Fletolier n. Cooper, Ph. IHH'J). 

Bismuth, Oxyinlphlde o(. Accoiilin;; to 
Hermann (■/. jtr. 75, 452) the eoinpoiin'i 
Bi.O,S, foniud by lieatinj^ 1 part B with H it’* 
parts to low rotltioss in a retort; S.CJ. O-.'h 
A compoMinlof Iti, H, aiul 0,occurs Kuri liniti'. 
(sai»l to Im 

Bismuth, PhcAphide of. No roni- 

pouixl has been iaoliitod. Ihtr/i'lius {Lrhrhurh, 
2, 5H2iryth ftd.]) t'uys Iho two cleini iits «lo not 
unite (lin.-ctly, hut that a phosphUo is foniie>l 
by leadin'' TJf, into Iti.'iNOy solulion. 

Bismuth, Salts of. Theso conipounds arc 
obtaiijf'l in n few Ciist-a by tljo roactinu 
])i and un acid, c.if. l>i.tiNO„ but iuur«' ;.''-iii*i;illy 
by usin'.; Hi..0j..rlLO in phico of Hi, or l>y doubt** 
deconipi»:uti(tn from Hi.UNO;, in or 

lU('), in flClA<(. lii..iiiutti siiIIh iirc iiisolnhh' in 
wa(cr; they are iN'coinpo-ftl by wiifor uilli 
))roilii(‘tit)n of so-callctl bit^ic siiUu: th*- : lU * of 
Hi luuy itidr**l ho arraii|,'i*d in two clashes, 
noi'inal and basic, as types of whii-li may lai 
taben ilie nitrates IJhIJNO., and IliO.NO,, lo- 
speetivfly. Many of tbe.io I»a.su5 rall.s ur** imtst 
biinply r*':,arib d derived from a*'i*I.^ by re¬ 
placement <*f II by ItiO; tliey am *)ften ealle<l 
biKintithyl calls: other basic salts, liowevu'r, 
at pieseiiL at any rale, are best rejihsented 
us compounds of aciil-forining with 

Jli..O,. All tlio basic nilrale.t for instane*'. and 
many of ihoHO salts uro bnown, hebmj,’ !*> th** 
general f*»rm j‘lUJ),.i/N^<);,.fI;;(». The Kails oli- 
tain*‘d hy vi'aetions In-tween aci«Is and the oxide; 
Bi./t< ninl lh;<), are the Knme as tlm-e \vlii*'li 
arc forjinil when Hi.p, is use*!. ‘Dm nior*' 
imi>ortaiil salts of Iti are the :iu<l snl- 

ill.a* I'tvni'ifr, chfoutti', .. /•/, .•.- 

p/m/i’.s, inrtrates^ Ac. (e. NriK.vti-iH, S: i.i*i;.vins. 
<t' 0 . Ac ). 

Bismuth, Sclonhlo of. Ih^Se,. Jtlaek. Iih- 
IrcniH, inel.aMike, po\v*t*!r; S.(*. (>bl;iin*‘«l 

by passin;.; If .S** into Iti.ltNO,, in as litib' HN(>,A.| 
fts po.KKibb*, or by hejifiiif; to';elher 1 pai l Si and 
1'8 jmrls Ih, imd repeat aliy imdlinK the pro. 
duct in contact with Sc. lusoluhlo in solutiuii;; 
of alkalis or alkaIi-Hutphid*\s; decomposed hy 
lfN(>,Aij; gives np iSe whenWn'ated^ C’umblm s 
with iii/iti) (llerzcliu.s; Snincider, i’. 

\)i, G28). 

Bismuth, Sclcnochlorido of. ItiScOI. 

( •--Iti.SivBiCi,). I'Wmcd hy adding po\vd«‘ivd 
Iti.Si'j to nioUen 2Nll,CWtICIj. Bleel-.;icy, 
needle shaped, cry.“.lals. Heated in CO. is 
separated into Iti.Se, and HiCl, (Sc)ineider. */.<*.). 

Bismuth, Sulphide# of. One well-marked 
sulphnle of Hi, l!i;S„ is known; arndher, 
l>i.N^,corr*'spon«ling to t he oxide Bi/);., pndiably 
exists. Altiaupts (o pre]>aro a sulplndc vitli 
nmre S Ilian liave failed (rattison Muir, 

./. 33, 1'J2). Sulphide of blsmutl) does not 
react with inoro positive sulphides as a salt- 
forming compound ^comp. Schneider, /. [2] 5, 
030 with l\ M., (7. J. 33,102). 

Ih.Kvanii TKisi'Li ittDK. HijS,, Occurs native 
aa 6.‘s»j*ut/i «;/<iiicc. S.H. te5. Bhombic forms, 
•:6**l: '088t; tBomorphoui with ASgS, aud 


BbiJL f)hmiiftil Wlifiliiiif A ffitirt 

0 vSth U pm w tOl ft eijv^UM mm 
is formMy and IhoD rcpefttedly heftti^ thii 
with A little 8: also by passing into ftii 
' acid solution of a Bi salt. If the pp. thus 
I obtained is heated with an alkali-sulphide 
I solution to 200^^ tho Bi.H, is said to become 
■ cryatullino. Steel-grey, cryslalline, lustroos, 
i solid: Htron.''ly heated it is separated into Bi 
' and S; unacted on by alkali or alkali-sulphide 
solution?;. 

; Bisuirni OisuLPiiinB. 2Bi.;S; JI,0. Said to 
; be ppd. by H.S from alkaline solutions of Bi,0, 

: Schneider (B.*07, *180) dissolved 8grams Bi tar- 
ti'al'-in tho necessary ipmntity of K()H.A(], added 
• air-fi'-ii water to make up l*> loOO c.o., then 
' 2 grams SnCl^ in KOlf.\*i, an«l pas.sed in air-free 
’ fl S liiiti] the li'tuid D-came colourless. Ho 
\v;idi‘«l th*> l)!a* k pp. with KOH.\q and then 
, with lid) (air-free), and dried at luO '. A black 
, powd'-r; i>*-eome9 lustrous by compression} 
(b coinpoKcil by In-atiiig into Bi and 81,8,, by 
IB’I.Vij into Bi, BiCI„^i:td IDS. 

Bismuth, Sulphochloride of, w. Bismotii, 

I Tnro-HAr.oro r >Mi‘'>UM<s of. 

I Bismuth. Sulpholodido of, v. Bismc rif, Tino- 

II.\T.oin <.'<<MeoUNIiS OF. 

Bismuth, Sulphocyanide of, Bi(SCN)„ v. 

Cy.^MI'KS. 

Bismuth, Telltiridc of. No dclinito com¬ 
pound lias l)e**ii i^■*1ated; t>‘lluric bimnutk, 
nppioximah'ly Bi ..S,.2Bi .Tc.„ occurs native. 
A*'c«ading to Ber/.elius (/.plitlnich, 2, C63 
[bth cd.]) the twii *d«‘m*‘nts may bo melted 
Itigi Un'r ill all i>ropoitions. 

Bismuth, Thiohaloid compounds of. Only 
two are known : IliSt'1,and I5isl. Thftfornieris 
ohliiincd by lln* dii***t ivin-lion between BiCI, 
and S. but r.il, and S d*) not i*‘aet together; 
wl|i'n BiBr, and S aro healed togelher there aro 
indication.'; of the formation of a tlno- compound, 
hut none lias yet been i5«)luletl (v. I’.M., ID a. B., 
C. J. 33, 21). The tliio- compoiin'1.4 are much 
h's.K slablo than tho corresponding oxy- com- 
poiiinlK; {’. Bismuth, oxtii.MjOID coMi'otnsns of. 

BrsMUTii Tni«)*;ni,nun>E {suliikochloriih’) BiSCl. 
Old.-iined by heating S witli JliCl,, or by adding 
powdereil BLS, to molten 2NTi,CI.BiCl„ and 
washing the product with very dilute lICIAq. 
.Small, nu'laMik**, gvi-yish, n<*eilh's; easily do- 
composrd into its constituents, e.y. by heating 
i in CtD. by 11, by HClAq or HNOjAq, and by 
! nlkali.s |Sehneicb*r, 1*. 03, -BH). 

! Bismitth Thio-iomok {auli'h uxUile), BiSI,ta 
i said to ho formed, as long needles, hy strongly 
lieuting 1, S, and BijS,, placed in alternate 
i layers in a large enii*ibh} {P. 110, 147). 
t Bismuthi^^cid and Bismutbates (so called). 

I Bi^O^lI.O is sometimes called bismuthic acid; 

I bodies ubtained by dissolving Bif\ in much 
molten KOH, or by saturating with 01 ooiio. 
KOHAf] holding Bi.f)| in suspension, have been 
i deseribed as bismuthates. But later expori* 

' ments liavc shown that these bodies cannot bft 
; isolated althougli they probably exist in prescitca 
i of much ])otash. The acidic functions of 
Bi^O..IlA) aro extremely feeble, u. BisMCtnu 
oMi>£ under Bismotu, oxu>£a oF,p. 515. 

I M. P. M. 
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tmmo inxfixtm. 

jiMm«ni eom]H>iiiidf. _ 

®'*f*0*f (212’J. Obtainoil )i; i more thin S iroU.) (M»rqtt8rS,'B.'20, fs'ijr' 
fSff* ^ e V'\ solution o; BiCI.. i Sropertis.^. - Stiitog oil. It cannot Iw di«. 

Wmte plates. M. sol. alcoliol and acetic acid, Ullod at ordinary atmosplnnio pressure, lor on 

heating to ir>0'' it detonatos vi^ ‘ 


insol. ether (Marquardt. B. 20, liTJOl 

Di>bromi(ti' Bi.MoHr,. '2M FtMund 
ty mixing ethen al solutions of Bj.Mi.'’ and BiBi,. 
Yellow powder. SI. sol. alcohol, benzene, njid 
acetio acid, insol. ether (M.). 

Di'ioilide BiMrl;.. ( 220 '^]. J-’onued by 
heating BiMcj with methyl ioiiule at 200 ,(M.i. 
Glistening red civ.-^tals. Sol. alcohol, si. sol. 
acetic acid, insol. ether. 

Oxide HiMeO. Formed by adding'Nil, to 
an alcoholic solution of tiio doiihle cuniptnind of 
BiMeBr^and BiBr,, which is obtained as a yellow 
crystallino pp. (*n mixing' etherfal j-.«ltjtions of 
BiMe, (1 nu)l.) un<l Hilo, (2 niols.) (Marquardt, 
B. 20, lo22). While powd- r. Insol. xvater. 1 Ka 
solves in NuOlf and in dilute HNO,. Ignites in 
the air if gently warmed. 

Biimatb di*mcthyl co'npounds. 

C/tIorid<? BiMe^Cl. 1110']. Formed hy 
passing chlorine into a solution of JUMe, in 
petroleum-ether, cooled in a freezing-nii.xtua. 
White micro-crystalline powder. V. sol. alcohol, 
insol. ether (Manpiardt, It. 20, l.MO). 

Hydroxide Bi.Me_,(OiI). Formed hy the 
action of water upon tiie douhli; conijinund of 
BiBr, and BiMedJr, which is I'pd. a-, an oily 
liquid by mixing etliereal soluiioiH «>f equal 
mols. of BiBr, and BiM.*,. Cn.-laMiue .solid. 
Ignites in the air spontaneoii.-ly! l)..--ulvi-;; in 
aqueous N'at'll. I)< CMiiipu.>(al hy a.|Ue(,(K Htjl 
with evolution of CH, (Marqnardt, It. ‘20, l.V.*:',). 

Bismuth tri - methUe BiMe.. Tri-i‘!, th;il- 
6<.sm«f/jine. (11'^ )• 2 3 at ()l,*.iine.l 

by slowly adding an etluTenl solution of hi-muth 
bromhle (2 mols.) to an ('there,al sohition of zinc 
iiiethidc (rather more ll an 3 nnils.). M. ’ ih; 
rwfractive liquid, of nirpl.-i.-aiit pungent o ioui*. 
In the air it funu-s and ra[>i(l!y oxidises, wlo n 
hcatcil in tlio air it expiod-"; \if»|ently. Volatile 
with steam, hnt dei <>uipi scs on jtaig hoiiin ' 
with water. IXlule li st), e»r UNO., hav«} litl'e 
action up ui it, Iml eonc. Ht'l di compf-e.i it 
with evolution of Oil, and prodiietion of BiCi,. 
It does n(»t cotnlu'iii- uith alkyl halads or with 
halogens. The iati( r replace Mo foron’ng 
BiMc.Cl, «t’c. (Marqimr.ll, It. 20, 

Bismuth mono>ethyl com^iounds. 


violently; volatile 
with steam. Ftmn > atul takes tiro in air. V. so), 
alcohol, ether, and noetic acid. Its ether<al 
sohttion oxj>osed to air dci>osi(8 Bi..O,H O. 
Forms nn.stuhie comp»>unds with non uatals. 
BiMt .S.Bi-^S, i.s a yellow .soli-1, inx'luhle in wnt -r, 
Kolublo in yellow ttiamonium sniplu.e'. BiKt| 
throws down calomel from ahol alio HgCh, Imt 
when alcoliolio JlgCl.. is a-lded to alcoholic 
BiKi,, crystals of ItiKiFI. mav be got; 
BiKt, . 2H;;CL-2irgKlCl r BlFtCi;(nunliaupt, 
.1.'.12. 371). 

Bisrauth-tri-phenyl BpCJI V,. Tii-yh.viyl. 
bi.^muthinc. (S2 |. S.fl. l-r>s;,l at 20’. Foriu-d 
by Inciting bromo-hen.-eiie coni.-iiuing soiii ' aeeiio 
ether witli an alloy of sodium and hi-<inntli 
(10 ji.c. Na). Col-nnl. ;-s ne. dles or fahU ts. Mol. 
hot alcohol, sparingly in oold, v. sol. ether and 
j' lroUnun ether. By h(*iliiig with cone. IlClit 
».•> eomplettdy decomposed inh) benzene and his- 
niutli elilorid'*. It combines with Cl., forming 
the ehloride. tC,II.),BiCL which crystallises in 
tliiek prisms, [lUlh, so|.‘hot alcohol. hI. koI. 
ether and C(*l(l uleuhol, v, s«*l. Ip.m.'.-ue, not 
decomposed hy com-. Hi,'!. The bromide 
(0.11,),BiBr., form) Ion,: pii.-ms, [110 i, v. sol. 
irf-nzi.nie, fil. sol. alcohol ami I'ther (Micliai li » a. 

Jl. 20. ;M I. 

BITTER ALMOND OIL t*. Aj.M 'nos and 
Bi;.v/,.u, .Ai.muiM I-. 


BlURiir r II N O 

Al!"i'luii!innidi\ .^ln 
at 0‘ ; l-.M at l.V’; f 
1. Fi 

until the iii' .ied jua s 
to give olB N cl,. I he 
hot water (’iVitidemaim 
/<’. ■!, 2*l2). • 2. I’y p: 


Nil .CO.NH.OO.NM,. 
103. [1110S. 1*25 
100 '. 

• healed at IMr. 17l)« 
in- pa ly and eea -es 
t is extern le'l with 
!'■ 71, 07 ; Ilofio.uin, 
■ -lie \iipour of evanio 


Chloriilc BiKlCl.. 


aeid into melteil nr 
3. Urea is freaf.< il 
he(*uliie;l past V ( I b'pl 
d. By tie- 
ether (11. a. IM. ; 
cyanic acid' (p. K'..:) v.ilh it S<>,(1 pt.)uml water 
(2 Jit •.) at t;o .7o' (B.oo iajin, It. ft, 708). -- 
0. By the aelion of MU. ii;<,n Iri brojno.acetyl- 
toea fBs{ey#r, .4. leO, l.al;. 7. By lieating utca 


• ll ioek, A. JOJ^ 
ill eiilnJ'ilH* till IIm^ lliasg 

it •(. l*o;o. I, [qj 3,G'.M ; 
eiioiiof .Ml, on allophanio 
By );• ilj)i,q ‘ amido-dj. 


alcoholic IlgCl. to alcoliolio BiUt, (y.o.). 

Iodide. BiElL. From the chloeido and KI. 
Ooldon. six-sided plates. 

Oictdc BiKtO. From the iodide and pota.sh. 
Yollow amorphous ponder,-takes fire in an. 

nitrate BiKttNU,|... From Jiie oxi«lc and 
HNO,. Crystalline tuhs. • 

Bismuth di-ethyl bromide BiFt.Br. J’dl-med 
by dropping bromine into a co V-d i-orntion of 
]3il'<t,iii jretrolcum-ether. White powder. V. 
alcohol, insol. ether. Ignili'.s in the air on warm¬ 
ing (Marqnardt, B. 20. B>20). 

Bismuth tri • etbide BIKtj. Tri - c/’ //- 
kiimuthine. (107®) at 73 mm. S.G. 1-82. 

Preparation.'^l. An alloy of Bi and K is 
mmle by strongly heating bismuth (5 pin.) with 
cream of tartar (4 pts.). Thii allo.v i.s treated witli 
£tl (Breed, A. tt2, lOd). >-2. Obtained by slowly 


PrepHii'd l)v adding )*with TCI. .at loo'^ (Vh jth 

r> . tMivio.r ,).;.0.. . 


Bl, 


. I'M3). H. By 
mixing dimir! solution,^ of m. n ,u,,| poiasHio 
cyaimle, acidifying wit)i a- '-lic aeid, evaporatiiig, 
j R'liling a lifth* H.SO^uml . xtra -ting willi alcohol 
I (hrechs. !, y. pr. IVJi. -3. B.y el-ctrolyais 
' of a Solution of Ml., u-ing caibon ebctro«les 
.(.Miliot, Id. :■>] K. 211). 

j I'foj ,■! lie.H.—hon^ ijf^'dle.-; eontuiniiig aq)} 

’ or hing anhydrous lamin.'Jt (fue i alcoliol). Split 
, i:]> by lieat into NII^ uml acid. Big. 

Ko.vf’s uricha)i;’<d in cold c<uic. 

.oiution IS Rot hy f-iiil.i of h-a'l or silver or 
hy tannin, A lil'.lc '(hnSO, folluivi:.! I,y KOI! . 
I^ivos a ill I Jl vioh:t Moliition- 

/friirlioiw.--!. ,\t 120'^ it uhsorliH HCl forra- ' 
inn B'jHCl which at 160’-17ii' in a corrciit of 
IKJl Rives H.U, CO. guaniiiinr-, cyanurio aohl, 
mill nren,' -2. Jloiling cone. HCIAq forms Nllj, 
ana, uml guuniilinc.—a. Boiling baryta-waltr 
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formi COp NH,, sad Qrea.-*4. With NaCIO !( 
evoIvffK j of Its nitrogen, with NalirO It evolves § 
ji'ufjtoii, C. J. 36, U).—6. ilNO, gives CO^ and 
N,^0 in equal voliinieg (Francliiinont, R. 7k G. 
fi, 210). 0. (’OC^at OO"* forms carbonyi*dt* 
biuret (CJI,N,(X.)X() (M. Schmidt,/. ;)r. [2] 5, 
47); a cryHtallino jiowdcr, v. si. sol. cold water, 
insol. alcohol and «jthfT. Tliis body is converted 
by boiling buryta-wutrr into urea and cyanilric 
acid; and by COC% at MO'^ into cyanuric acid; 
ilgiNO,}. gives, ill hot dilute solution, a pi>. of 
CJI„.N/>,:UlgO. . 

Hu Its. ]>'..IIC1; decomposed by water.— 
AgXJ.II.N.O^: ppd. by adding AgNO, (2 niols.) 
and Nn,Aq to a sJituratcd mjiieous aolulion , 
of biiiri't (I mol.); sol. HNO^ and NHjAq 
(lUmn^ a. (loldcnbcrg, H. 7,2'i7).--Cyanurato 
ij'C;,N,l !.,0,: iHwllcs; foriiKid on oryHtulliKinj^ 
liiuri-l from wator. It Iiiu |frohabIy brani ini«- 
tnki'M fur nrra oyaiiiira'.i- from which it (lillura 
ill yii'Iclin;' with baryta water, Itarimn cyanurato 
ami biuret, in iriviiift ulT tt atoma of nitroiten as 
ammonia when liealeii with barium hyilratii 
(urea (lyaimrale yi. libi ■_> aloin.<), in ('ivino oil 
il'H [i.c. nilrojmn rvith sodium liy[>obromitc, 
(while uriia eyanurato ((ives 11-f. p.c., botli re. ' 
ladts cnrres|ioMdini; to ii atoms nitrouen) 
(llerr.im lU. u. 111). 

Biuret ilicyaiiaiaido C,ir,N 0. he. \ 

MI(('O.Nn.(,I(N'H).NM_.).. l'’rotu aeetyl - urea ! 
('2 Ids.) and imauidilii! carbouale (.b pm.) at ■ 
IKf irdl' (Ihi.dusbi, |2] 27,1.77). Amor¬ 
phous sub dam e, V. Sid. acMs and fixed alkalis, 
lusol. N11,A(|. lloes luit oivo the biuret reaction 
will! Oust),. 

BIXIN (I7il'’!. A colouriuit mat-' 

ter coutailled iu aumillo seeds {lii.rti uiv/fom.) 

(I'reiasev, .1. 72, :m2; (liraidiu, d. f'/i. j:l|21, 171 ; 
Holley a. Mylius, IH. (2) ;i, 270; Steiu, J. vr '' 
102, 177). ^ 

I’ri-iH,ration. - Aniiatto (1,700 11 dlKi-.sted 

at HO" with nieobol (2,.7(KI|;. of HO p.c.) with 
addition ol Na.fk), (l,-,n a.,); alter liltration, tlio ■ 
residue w a.;am deo -.led with uleolud (1,.700|;. ' 
o( (10 p.c.). ’I'lie mixed liltrate.s iiro pjid. by 
Riding half Ihrir bulk of wiilcr and c(>nc. 
Na;('t>.,Ai|; the p|’.i. sodium-bixiii i.s ilisscdved 
111 aleobid (ilO p.ir) aiul re.ppd. witli N'a.CO,,Au 

Pile s.idmm-bixiu is |!.eu ... bv llci ' 

(i:ii, f.'. II. MllI; 7,,||i;). ' 

Mimdered l.mllets; iusol. water. ! 
al. sol. ale.dud, bem-.eim, (’.s,, and %cotic acid, i 
V. e. sol, (.|her. (’one. ILSO, f.uius a biioliti 
blue solution, wheuee water pdve.s a dark oreon 
pp. It n-diuvs colli I’chling’.s solution. 

/■'..I, fiuii.s,.-|. Iii ,tillat*ou with zinc dust 
itives or xylene, ethyl loliu'iie, and an oil C II 
(270" 2SU ), lt,.d„eed by sodium-aina!.;aril to 

I 111* ' . 

Salta. r;JI,sNa(T,2Hq; lustrous rod ervs- 
tala V. s.d water, insol. uloohol. and ether. 

in I- powder. — 

C;all.,KC.2aii. (’-.JL.K.O 2:111 

n t V APitr rftr.A * 
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HVroCIIJiOHlTKS, 


under CniiOUiNE, oxy\i ms of. 

Bi-OOD. In vertebrates, the blood is a some¬ 
what VISCOUS, and to the naked eve homo- 
J.en,-,,„s, red Ininid. rim blood wlikdi leaves 
the hm«. 01 pills ,s of a bripbt searlet colour, 
a lid that m tlm systemic veins of a purplish 
Hue, winch on oiposiire to the air, or on shak¬ 


ing With Myg«n, bsoomet ot th« bright utoriil 
Marlet coloor. This difference in tint is due to 
the amount of oxygen present in combination 
with the red pigment homoglobin; in the lunga 
I a loose combination called oxy-hmmoglobin it 
i formed which is scarlet j in the tissues this oxy. 
gen is given up, and the blood returning to the 
heart is of the purplish colour duo to hnnnoglobin. 

Specific Oravity. Roy (l‘,oc. VhijM. Soc. 
1881) has introduced a method for asccrtiiining 
the speeiflo gravity of living Idood. A drop of 
; blood is introduced into a mixlnro of glycerin 
i and water of known specific gravity ; if the drop 
; tends to rise or sink, it is assumed that it is of 
- lower or higher specifto gravity tlian the liipiid 
in which it is placed. The average specilio 
gravity of human blood thus found was l OliO. 
Delibrinatod liuinan blood has an average 
specilic gravity of 1-055. Plliiger {Vfluger'a 
Air/uc, i. 77) found the specific gravity of dog's 
blood to bo lOfiO; and Gschleidlen that of 
rabbit’s blood l-Obs. 

Clmraclers. -llUioi} is always feebly alkaline 
in reaetinn (Kiihnc, Virchow's Archie, iW, fib- 
fnebrnich, 77.1, 48; Schafer, Journal of Vhysio- 
I'viy, ;i, 2!I2). Under the microscope the blood 
is seen not to bo a homogeneous red liipud, but to 
consist ot a nearly coloiirlcs.s liquid, the plasma 
or liquor sanguinis, holding in suspension large 
numbers of solid bodies, the corpuscles. These 
eorpii.scles are ot two kinds, the coloured and 
the colourless. 

/i.'if corpnsclc.i. These owe their colour to 
lucmoglobin, and arn much more numerons 
than the white corpnseles. They vary in size 
and struetnrciii different group.s of the vertebrate 
sub-kingdom. In Mammalia, wiib the i-xceptioii 
of the Uamelidie, they arc bieoncave, circular 
discs; they have no nucleus except during em¬ 
bryonic lilc; and they liavo a tendency to run 
inifi rouleaux when the hlooil is at rest, but if it 
i.i disturbed they readily become separated. In 
tile Camel tribe they liave an elliptical outline. 
Tlieir average diameter in mammals is -007-•008 
millimetre and about one-fourth of that in 
tbickiio.ss; there are veiy slight variations 
in different classes of mammals. In birds, 
reptiles, amphibians, and fishes, the red cor¬ 
puscles are biconvex, oval di.ses, with a nucleus; 
(bey arc largest in the amphibia. C. Schmidt 
gives the specilic gravity of red blood corpuscles 
as I'OHO, Welckor as 1*107. 

According to C. Schmidt, 1,000 parts ol 
moist red corpuscles contain— 


Water . 

Solids J 

i Mmoral 


088 parts. 
30:i*88 „ 
H*12 „ 


Accordiiij^lo Hoppe S. ylor aiul Judell (Wfi. 
C/fc‘w. Unli-rmchutiijt'n, Jlvft iii. p. 3«0) 100 
p:ivt#of dried corpusclesCfintain— 

iliuiuiD bUHhi Df./ii OtKtse'i 

I. II. ixxvl b’ood 

Troteids 12'24 6 10 12 ’)5 30*41 

lI«•!l.o^dobi^ 86*79 94*30 80*50 62*66 

Isocithin 0*72 0*35 059 0*46 

(liolcsterin 0*25 0*25 0*36 0*48 

Tlio nuclei of the red corpuscles consist 
luainly, according to Lauder Brunton, of oucloio, 
a snUntanco very akin in its properties to muoia 
(/ournaf o/ Anai, and Physiology^ 2nd Mrieti 
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foLB^p.9t). fh«minflnloo&iliti]«nt»ott1iflr»d 
eoipaeolM Mve been inveitigated by 0. Behmidt, 
ana the fotlovii^ tables contrast those of the 
red oorposcles with those of the plasma in man. 

1000 parts of moist corpuscles yields 
Mineral matter (exclusive of iron, which 
IS contained in the hteino^lobiu . . S K^O 

Chlorine.1 OSO 

Sulphuric enhydrido . . , . O'OGO 

Phosphorus pentoxidc • • « . 1131 

Potassium.3’8‘28 

Sodium.l'0o‘2 

Calcium phosphate .... O IM 
Magnesium phosphate .... 0 073 
1000 parts of plasma yit;M — 

Mineral matter ..... 8'>*>r>0 

Chlorine.3-(>t0 

Sulphuric anhydridy .... 0-113 
Phosphorus pentoxidc . • • . 0101 

Potassium.0-323 

Sodium.3*311 

Calcium phosphate .... 0-311 
Magnesium phosph.ite .... 0-222 
The remarkable dith retme in tijo dislrilmtion 
of potassium and Hudium seen in tlie iihovu does 
not, however, hold for luo ,t nnimril-; us tlio 
following tabic* shows ^(.lumgee, 

Chemiulnj, p. 122). 


Man 

K. 

40-8fl 

.S'ii. 

11-71 

Cl. 

2l-0() 

Ung 

G07 

.30-17 

21-88 

Cut 


35-(l2 

27-.70 

Sheep 

M-.37 

38-07 

27-21 

Goal 

37 n 


31-73 

Man 

I.i'giiir .-'■i 
K. 

5-10 

.37-74 

01. 

40-t;H 

Dog 

3-2.3 

30-08 

37-31 

Cat 
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37-Ot 

■11-70 

.Slnep 


3S-5f; 

-JO'KO 

Goat 

3-5.7 

37-811 

40-11 


Probably the only gaseous constituent of the 
red blocsl corpuseloH iu>t in a state of clu‘iiii<-al 
combination is carbonic acid. 

liloDil fahlds. i3<‘si«les the red corpii.-ties. 
a nunjber of colourless di. cs of •U02--OU3 milli¬ 
metre diinnctcr arc also seen: they are also 
called hiematobhisfs of Jlizznzero). 

By some they are HUpp‘>se<l to ho elafn'.- in the 
development of red eoipnst-Ies; by otliers to 
lake part in the formation of fibrin. \Vool<Jridg>: 
considers them to be identical with llu* protcid 
he culls fibrinogen a, which can be precipitated 
from liijuor sanguinis by exposure to cold. 

C'dourlfS^ or Jcucocytcs. Tliere 

are animal cells, and consist of nucleat'd 
masses of protopinsni, Inore or les.s granular, 
and exhibiting during life (••ntraetility, tljp 
movements so produced boinlt <5alled amob.hd. 
They are not constant in size, but in nfi:» tin y 
avcrngc about O ol iin"l!iun.t:-':; thc)*.irr; ‘•••oiije- 
whal larger in the lower vertebrate groups. In 
mammals there is on the average one white or 
colourless corpuscle to 330 or 330 rod ones. 

Our knowledge of the chemical con-t'fiu.nts 
of the white corpuscles is meagre; th y are 
lighter than the red ones; the great mass of 
the proluplu^m is undoubtedly proteid in nature; 
ftud the Ducleae consists mainly of nuclein 


(Hiefichtr, Ohm, VnimueK^ Reft Iv., 
p. i41). By miero<«hemieal himUgation, the 
presence of glycogen can often be demonstrated 
by iodine, and of fat granulM by osmio acid. 

Coagulationof blood. Within a few minntM 
' after having been shod, blood passes first into 
the state of a soft red jelly, which gradually 
acijuires greater con.‘?istcnco; and by the con* 
traction of one of it.4 con -tituents expresses a 
lluul, the serum, in which the clot or crassa^ 
vit-ntum ultimately floats. 

Coagulation is ilue to the scoaratlon from 
the blooil plasma of a solid proteid substance 
called libriti. Tlio clot consists of fibrin 
entangling tho corpuscles. By stirring blood, 
or whipping it with twigs immediately after 
it is slu-d, lihrin free fri>m eorpuseles adheres 
to the twigs as a yellowisli atringy mass. 
Under the mieioscope, coagulation is seen 
to consist of tho separation of fine fllameuts 
from llie plasma, which start from or onlangle 
the blood plates, and corpuscles. 

Coaguhitioii of tlie blood is hastened by ox- 
poRuro to a ti inperature rather nbo\o that of the 
i»ody; by contact with fon ign inntti-r, or by agita¬ 
tion ; and by dilution with not more than twice 
its volume of wal<'r. roagulation is Ihndered or 
pu'venicd by exposure to a low temperature; 
by confaet with living tissues, or by tho addi¬ 
tion of large 'piaiitities of m-utrul salts such aa 
sodium clilorido, sodium sulphate,or magnesium 
sulphate. When these preeautiona aro taken, 
the corpiisob-s sink, and tho plasma can be 
drawn otT; in the last ease mixed however 
witli salt solution, tho inhibitory influence of 
w hich on c(tagulation can be renu>V4-<l by diluting 
tlio mixture with water ; fibrin is then formed. 

Many llie'uies have b« en hebl with regard 
to the cause of tlie ccingulation <»f tho blood. 
^••al•ly up t(» tin* end fd the last nuitury, the 
cl.it was believeil to he simply a masB of 
U'llierci^ (. /rpuscles. Hewson, 1772 (n. Hewaon's 
' w.irks, edil«-d by (lulliviT, iS'r/i/cjr/mwi .SVkj ), wai 
tlo' fir.-t to s..h«^w lliat it was really duo to the 
si'p.aration of -.onu; subslnnco from tho plasma, 
lificliajuui {Lomion Mnlirnl (Ju^rllr, vol. 18) 
showed lliat f.pieezod bIoo<l-clot hud the jrower 
of ha: li ning the coagulation of the lirpior peri, 
oiiidii; and a.n this power was e.sj).'oially shown 
by tlie bufTy eojit, lie suj'po.x.-d that it was due 
to Ilie white eorpn^^^ehhe eujnpaird Iheae.tion 
of ihe-i; eoi-)iu«cles to that of rennet on milk. 
Deni.s {.^/tmoirc .var Ic song, 18.30, p. 32), by 
saturating tlio b'pior .,anguini:» with sodium 
eliloride. obt.iined a proteid pp., which after 
|.< ing r« .'li.;:.i)l\f d in water umlerwent coagula- 
ti.in. 'j‘o this pneu'sor of fibrin he gave the 
nrurm //usmtue. 'A. S'-liinidf {Aichi!’ f. Anat. 
u. I'ht/siol. 1^‘fil, B« par.'it' d plasininn Into 
it • t\io eonslilU' iMs, both pi '•{» ida of tho globulin 
eliis.-. to wlii' h he g;lte il • mtinea fibrinogen 
and ribrinopla'lin or pfiia: I'diulin (now called 
‘u rinn globulin). Ho thoii;-hi both of these sub* 
sturici'S were necessary for coagulation,and thak 
they united to form fibrin under the influeooa 
of a ferment. This fibrin-frnnent he prepared 
from '.Tuni, by jipg. it with the serum proteid 
by inean.a of absoaile alcohol; after leaving the 
pp. some monthH under alcohol, Die protefdl 
wero by this me.ins rendered insoluble, while 
the ferment could b« extracted with watlt. 
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f»br(ii‘torment bf ntnoting blood-olot wn 
g p.o. itidlam chloride wlution. The 
coDlftiniid « Bmall quantity of ft globulm-like 
jri'ijtfifi, and hft<l very marked power in inducing 
co«';;iIiilion- IfamrnarHton (Pjliklcr^s Archive 
M. Ull; 17, 4ia; IB, ^JB; ICi, OO'i) modified 
.Sf'litnirll ;: ifieory by allowing that paraglobulin I 
is n<;t tU'!r:,.s:uy for the fornmtion of fibrin, ^lut ; 
llnit libiinogen ia llio only true fibrin precursor 
wliii'li utiijcr the irill'iciiec of the fibrin ferment 
i: cniivio tcil into fibrin. Tin; prcsenco of i»ara- 
globulin, howi!ver„hu.<5ten3 coagulation pcrlnips 
by il;i combining witli alkaline carbonate.^ which 
ollicrwi. c would impede the aclioii of the for- 
lui'iit; «ilher prote.iil. hucIi as casein, or even 
sails s uch tt.3 calcium chloride, will, however, take 
its pliu-c. 

The source of the fibrin-ferment se«'ms to be 
the whili-eorpuscles. Ivauscheiibach has pointed 
out {Vi b rdiii HWIi‘-du 

tojiUtsmn imd Ulutiibisma, Inaug. Ihs:i. Uor[»iit, 
lHs;i) limt liMicocyti'S me of two kinds : a leuco¬ 
cytes which <ir*} acted upon and di.o'ntegratetl 
by tho pla- Ilia wlu'ii the blood is aln-il, two of : 
the products of aucli action being paraglobiilin | 
and fibrin feinieiit; and fi li.-ucocytcs which ro- ' 
luuiii unaUcred. 

'i'he ialesl theory of the coai'ulation of tho 
blood is that of Ij. C. Wooldri'lge {Ifritrii'je r.nr . 
/Vt//.vio/o;/w, Leip/.ig, IBH7, L'ji). lie injects 
peptmie into the circulation of ail aniinal, ami 
kills it by blcfiliiig; the blood remains uncougu* 
latcil for many hours, and llm corimscles are 
removed hy cenlrifugalising; if a substance con¬ 
taining lecithin he then added to tho peptone 
plasma, coagulation occurs. By cooling pctitoiio 
plasma, a pp. is iirotiuced; this consists of little 
nmnded discs similar to blood fabb fs; this ic 
Called tihriiH'geu \; after its removal from the 
plasma eoaguiation does not occur :^tlie forma¬ 
tion of librin is supi'oscd to bo iTlu# to (he 
loeithin contained in lilirinogen A eombinin;' 
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ftlwnys greatly la «xoeM bf wram tdboii^ 
ftod the latter lubstft&oe la not diffetent^ble 
into aeveral protdde by fraetion&l lieftt<coaga- 
lation (Ilallibarton, Jow'}mX of Phystology, ^ 
819). 

The extractives of serum are organic anb- 
stances present in small quantities, which ore 
extracted by various liquids, especially by alco* 
liol or ether. There is about 0*2 p.c. of fats 
and cholestcrin; about *08 to 0*12 p.c. of glucose 
(I'avy, Croonian Lectures on DUibetes, London, 
1B7B); urea 0*02 to 0*04 p.o.; and creatine, 

: crc.alinine, xanthine, hypoxanthlne, uric acid, 

I and hipiiurio acid in still smallur quantities. A 
: yellow pigment is found dissolved in varying 
* quantitii'.s in tho scrum of most animals; Ham* 
inarflten {Midij's Cahrbrricht, 1878, 120), Mao- 
Munn (/V. 81, 281) and otlicrs have described 
this asa biliary pigment; Krnken’‘erg(6Vf^/<m;'56, 
<lrr Jetiaischcn (JcscUsch. f. 1885). and 

Jlalliburton {Juurn. of Physiolojy, 8, 321) have 
de.scrib' d it as a lipochrome. 

The .salts of .serum dmoimt to 0 7 to 0*0 p.o. 

Cases 0 / the blood. From fiic blood as a 
wliolo, or from tho plasma, coloured corpu.solos, 
or serum, a mixture of carbonic acid, oxygen 
jiml nitrogen can be .separated. Oxygen is 
present in much larger quantities than could he 
iiidd in simple solution in the blood, and is, in 
fact, held in feeble eomldiiation witli lwcm.>- 
globiii; only a Biiuili part being in solution in 
the liquor sanguinis. Carbon dioxide is partly 
in a state of chemical combination, but oliielly 
in a statu of sinqile .solution. It is contained 
! in great part in the liquor sanguinis, but in 
part also in the corpuscles. Tlio nitrogen ii 
liehl in simjile solution in the liquor sanguinis. 
Arterial blood of the dog yields f(,r every 108 
volumes 58’8 v<i! of tuiseil gas<-.; composed of 
22 2 vols. of oxygen, 8l :tvols. of earhonic anhy¬ 
dride, and 1-S vols. of nilrogeii. The maximum 
amount of oxyg'en observed ha.s be.m ‘2.5-4 vols. 


with lihrinogcu 0 (Humiuui'.sU'u and Sehmidl’s 
fibrinogi'u). 

Uuimm blood yii Kb; from 2 2 to 2'H parls of 
fibrin per 1,001). 

Scrtitn. Thi.s is the pla uiia, mi’Uia the ele- ; 
incuts of fibrin. U ooufaiu i fhree ida ia's of j 
oonrdilm'iits; proleids, extra-lives, and sails.! 
The proteids consist of globulin ami albumin. ' 
Owing to the disiuti’gration of^ho whitecorpus. ; 
olc8 the globulin is rather more uhini^aut than , 
in tln^ plasma. Tho following table of Ilam-i 
imirstcii B .-Irc/n'r, 187^) represtmts j 

tho pcrcentago of thvs|j substances in tho serum ' 
of auiuo of Uio commoner inai^m.ils: 

Tot.vt T*i{ U S-Tinj SiT'en 
S>li-I'i I’e-ti 1 1- UK'l-'i in AH' i'iiin 
Bwthu from Itorsfl . r.' "' •.’-■ r 

m m ‘’X •l-I''' 

„ „ M-in vim; ;i i.'i 

H ., Kuhiui 7'o-.'.‘> C".’: ■ n.'-s 

ThogUdiuHn appears to be a single substance; 
U is Coagulated by heat at 75' C.: hv fractit>nal 
heat-coagulation, however, the. sonun albuniiu 
ean be dilTcn-ntiati il in som«> animals into two, 
in some into ihii'e proteids (UalUl)urton, Jomvn// 
t»/ Vhysii'loyy, 5, 152; Kauder, An Ji. f'. c.rp. 

U. Ph.irouu'.. 2i). 'ill); in the c.i!d-bh'ode I 
ailUi;a]s the lutul quantity of proteids iu the 


(1‘iliiger, Crutr.iH}!. f. d. ni^'1. W’issiotsch. 18l»^). 
In venous hlo<Hl, Ih-* nitrog<-n is tho same as in 
nrU rinl, the exyg 'u i.s les.^ in amount (from 8 
to 12 vols. pec iuOof blood), and the CO;j greater 
(from li) 50 voLs. per 100 of blood). 

/.yuipfi. This is tho name applied to tliat 
portion of the blood tliat transu-lis through thu 
wall.s of the blood-vessehs, ami after supjdying 
tho tissues with nutritive mat- rial.s and receiving 
tile {iroihud.s of their combustion returns to 
ttio largo voiius by moans of tlio lymphatic 

Vl'S-el.s. 

Lymph isa transparent li-iui-!, which during 
dige^4iou is monr or loss milky, owing to tho sus- 
pt'usion in it of fatty in;itl<T>' aljsorhcd from the 
allmimlary canal. Its sp.vilic gravity varies 
ln’twi* !! 1012 bad 1*022, and its re.ielioa is 
ulkaiiiK'. 

rii l r yho niioroseope, tho lymph is s i-n to 
e.Mitaln eobmriess eorpuscle.s. lii ii time v.iryitig 
from 8 to 20 minutes after it has left the vessels, 
! lymph umlorgoescoagulation,Ubrin beinu formed. 

. Tho .amount of fibrin which separates is betwcon 
• 0 -4 ami 0*8 per 1000, being loss than that which 
se|>aral('a from blood. Lymph is, in fact, simply 
dilute Mood plasma; urea and carbonic acid, 
however, are rather more abundant in lymph 
than iu blood. 
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' Th« ohW ehsnge ia « reiootios 
to Ute nombarot red oorpusclos, and the diminu¬ 
tion or tho amount oi hemoglobin they oontain. 
In severe oases there is also a redaction in the 
ecdid constituents of the plasma. 

Ltueoeythamiti. This is associated with 
great increase in tho number of white corpn.scles, 
which may become nearly as numerous as the 
red. The blood is poor in ha'inoglobiu, and 
rich in hypo-ranthinc and laolic acid (Si'lu-ier) 


Tht ^ ^ 

Our faiowI»3([o oonoern*ng the hloodi oi inf» 

wbrato ftiiimals U mudi less complete than (hat 
of the vertebrates. In certain luarino animals 
•the circulating fluid is chiefly sea ^vater io 
which a liumber of corpuscles* ar.' b-uajK-mled 
(c.<;.ocliinoderms): in other invcilfbiau-g sucli ac 
crystacca tlie blond is a highly or; ai.isi’d fluid 
and rich in piot.ud oou.-^titm oN. bm even in 
those the lunouul of saliao mult. v.iries with 
tho habitat, being niueh luoui .ahuudnnf in 


Charcot found in tho blootl, spleen, and liver of I Juariue Ihan in fr«'sh-\\aler animal-i. ■I’ii.'if is 
patients sullering from leucocytlucmia colourless neverany ilistiuctioninU> blood proper and l\ inpli 
elongated crystals, which he and Vulpian were I tninvorlebratt* animals; hence the name- 7 r<?wo. 
inclined to consider as proteid in nature; while ' is sometiuies given to their tiie.ihuing 
they were regarded by Salkowski ns consisting flu‘‘l; the term hiidroh/wph is applie d in lliosa 
of a mucin-like substance. Sclirciner states cn.se9 in wliidi the bl<io<l U elii. fly water, and 
that they consist of the phosphate of a base, to ' contains but fow oirnnio con'iituonts. 


the hydrochloride of which he gives the formulo ! 
C,H,N.HCI(^. 11)1,68). 


Hicmoglobin is e-mlaiimd in tho lib.-.d of 
*»«uy inveric btale.s (I .ankester, I'jliUji-r's A re/n>, 


Gout. In this disease uric acid.aceumulates ; ^15), chieJly wonn.d, but also in a few ei nstav 

in tho blood, probably owing to non-ddimina-1 coans, insi-ef-;. jnulluse.s. let ches, and eebino- 
tion by the* mine ; tliere*is also a largequanlily 
of oxalic noid ((iarrod, Mt dico-Chirunj. Trans., 

81,83; .37,61). 

Wieumatism. 'J’lie Jibrin is inucli increased 
in amount; the .sameis, however, true for other 
inflammatory conditions. There is no d-xces.s of 
uric acid in the blood. Lactic aeid is said to bo 


dd-rm.s. \\ ilh tile e.vci piioji of four worniii niul 
two mollu.-^e.s. liowevtT, it does Hot occur in 
special corpii; l ie; ii.s in tin' blood of vorlebratos, 
but di.ssolved in tlie litpior sanguinis, colourless 
corpuscles finly being buind in tho blood. Jn 
otljor inveiifbniles reil pigment is r«*plaet*d 
by otiiers, wlii. h app.iivnfly have a lumilar 


the mati'r'n'.s modn by some, but Ibis has never •''-^I’hatory fiiin lu.n ; tho nmst important of 
been satisfactorily demonstratixl. \ Iheso otlier le guMimy i>r<'teids anj (1) bienio- 

In various zymotic fevers, and sop. !^ occinring in vaii<»us 

tic disease.s, tiio prestmee of dillereiit forms of ' :i.> 

bacteria has been described, or in some eases 
only presunied to exist in the b!oo<L Tiie bf'.st 
known of these arc the spirillum of relapsing 
fever, the bacillu.s aiilliracis of sph nie fever, 
and the bacillus malariie of Klebs and Crudeli ; 
of intermittent fever. I'ignient granule.^ of a umfiVi//.sto/., 

dork colour are also sahl to occur in the Mrajd 'yihrin, a purplish red pig. 


liiiids, and inolin.9i‘.s (Frodeiieg, 
Tins eonlains e..pper as one of 
its c ui.stilueiil el. 111 .Mils ; when oxidised it is 
hluo, when r.'.iu'. I it is culourlcei. (2) Chloro- 
cruorin, a gi*Mi ).i,;nienl, elo.Melv related to 
hiHiio-I'diin, li'UMd in tlie blood of certain 


of ague patienla. It is probably a derivative of 
hienioglobin {Marchiafava). 

Diseases of the liv, r. In jaundice, bilirubin 
•nd in some oases the bile sall.s also nceumulale 
In the blood; in acute yellow atrophy tho blood 
contains leucine and tyrosine. 

Diabetes mellitus. In this <lisensc the most 
marked feature is an increase in the amount of 
glucose in tho blood. The pnuiliar o.lour of 
the breath in diabetics is shih'd to be due to 
acetone, and deatli is often said to result from 
acetonn?mia. It is probable that aiu foue do' .-: 
not exist free in the blood, but is di-rivcd from 
the splitting up of aceto-acctic eili>-r. 

In some cases of diabetes a lipu-mic (fat in ^ 
the b]oo<l) condition has been dr rij)i.'d. ]tut . 
there is no doubt that this* may occur v.itiiout 
evidence of disease, and also in other di:^<'a.s(--s ; 
than diabetes. # 


imuil found in a f- w K‘’|*hyrean worms (Kniken* 
, berg. W r-j’. I’ </ .1. ^7 Isto lleiho, 3te Abtli, 
p. 8:'l. In a.'l I. M S’ cases, tlio pigment is dis- 
solved in the blood pla mu, wliiidi lias thus a 
nspiralory in addili-ui l.> u nutritive functiun. 

I Jn adtlilion to tbi .':e pig'iuenl.s, otbers occur 
wJiicb liavc fl|j|.;ircnlly no rc.s]»iriilory function; 
thus chloropbyll app' ors in tho blood plasma of 
nmny niotlis and bu!l« rllirs (J’ouiton, J'r. 38, 
2b3; b.di'cincrytlirif), u r-'1 lipocliroino in tho 
bb.od phi.siug^ uf c'U/niii orui tacca (IfaJIiburton, 
,Jiiion. of f'/ii.. n.l., b. Various coloured 

graiiub'S arc tji, < )ilM ,i in Umi corpmcles of hole- 
tlmrlans and s.-a uicjiin;} ((Icldcs, r. Uoingco’a 
(''t ill., T'iJ), and the blood of the 
limpet is lb cubed iTv Kiukenbcrg as being of 
an orange colour. 

^ 'i be bb.od of most inverH-ntes is alkaline 
in reaction, Ibe only kiTown exception being 


Bright's disease. In a<MUion to an nndfmic , fh'*t of inolb.; and butterflies which is acid 
condition, there is an incrcaso in ihc aiifrmnt of: (IVuItrm). 

area in the blood. The convulsions aud coma With regard to tbc coagulation in tho blood 
that are apt to aaper>enc wln n lb'-• Iduination of invertebraic!; HiJ.'ibuit’ui [Journ. of Physiol.t 
of, urea is defective bavt- be ti d'-.-i unift?.-! evi- ' 6, 380) w.as uldc. id t|io case of tlm Crustacea 
denoes of unemic poisoning. It is prob'.ble, to sejeirato oru-viae-an bluin. and to show that 
however, that in these case.i it is iu>j ur a as in verlf-braie bbx.d it was formed from a 
itself which is the pois-on, but probably ‘omo previously solulde bbrinog'n under tho influence 


substance or substances antecedent to urea. 
fVoriohs’ tlieory that tho poison i!: ammonium 
aarbonau is now given up as untenable. 


of a ferment, ('ni.-itacean fibrinogen aud fibrin 
differ but little from tJuit of vertebrato blood 
and tiio fibrin fermcnl is identical with that 



m 
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obtAine^ by Behmidt from TertAbT&to blood* Tbo 
oongalatioD of eruiUeean blood li also hindered 
by oold, or admixture with neutral salta. The 
ooa^luni formed when the blood of cepba!o]A>ds 
is Bhed ie stab d by Fredericq to bo only a plaa-* 
niodiurn of ed.'-t. 

[The foregoing article has only discussed 
blood from a g-iieral point of view. The various 
oonstitui-hts will b«; described under theirproper 
headings ; the proteids including hiemoglobin 
and the other blood pigments will be described 
under the ljendiiipyVo/f»Vi.<t.] W. D. II. 

BLOWPIPE V. Analysis. 

BOHEIC ACID C,IJ,„0,. flOO']. Occura 
(to the extent of *2 p.c.), togetlier with querci- 
taiiriic aeid, in blnek ten {Thru ImiIim) (lloch' 
leder. A. 03, 202). Yellow amerpljous resin, v. 
eol. water and alcohol; ]>pd. hy aleolndic or 
ammoiiiacal leadac(!tate.-lJuA"ttq.--l*bA"aq.— 
I»bA"i»b(), 

BOILINO.POIBTS V. I'llYSICAL MKTIIODS; 
sec. TIIKKMAL. 

BOLDIN A glueosidc which may 

be oxlraeted hy boilin'' nl(Mi)iol from tho leuve.s 
of ItohliHi fKt>)rann, in whieh it occurs to the 
extent of •:! p.e. Jt is a syrup, volatile willi 
steam, uml dfcompos<i| hy hot dilute IlCl into 
ghinose, MrCI, tiud an oil (?) sol. aleo- 

hol. iioml. wahT {Chapotemit, C. fl. lO.'i’i). 
A<Toidit>g to llourgoin a. Wrne (/f/.[2) 18, 481) 
the leavn of lioU'-n. eontaiu an alkaloid, 
Mdivt- 

BOLETUS V. AoAiiU'irs. 

BONE OIL (Ander^im, Tr. K. Ifi, 4; 20, ii. 
217; 21. i. 21!); 21, iv. ."»7l; A, 70, 32 ; 80, If; 
01, 3.*s; lOo, 33r»). 'I'lio following substances 
have Iktii iHulateJ from the hir obtained in tin* 
diy.distillution of bones: 

Chief ConalUuents. Hn-inoilucis, 

Butyronilvilo MethylInBno 

VabM-onilrile Aniline 

llexmiitrile Pyridine 

Isohexouitrilo Methyl pyridine 

iVoonitrilt! lh-me|.hyl-]>yridiiio 

Pttlmitonitrile Quinoline 

Btearonitrilo Phenol 

I'yrrol Propionitrilo 

Methylpyrrol Valeratniib^ 

Ihmethylpyrrol Toluene 

llyalrwailKnis: Ktliyl hen/eno 

C\ll,, (IMhvdnt-ni- NuphthUlcao 

* thyl-lolueiie V) « 

(l>ihy«lro no 
jnetliyl-cuiiiene V) 

CoH.. 

Wi iilel a. Ciamleian (/»’. 1.3, r.r>) consider that 
the .litrilt s are formed by tl>o action of NH, at 
the high tcuip»'rnturt#on the fatly acids con-* 
taiiU'd in the bones; the pyriilitin bases they 
believe to be formed by tlu‘ ciunbination of the 
acrolein (from (he glycerin in the fats) with 
aiiiiuonia. luethylamine, Ac., whilst pvrrol and i 
its homoli>giu'8 urc products of the lecomposition • 
of gelatin. j 

BORATES, Salts of boric acid v. Uoron, 
oxtAcios or, p. f»28. 

BORAX t’. of sodium : under Boron, ' 

aSTACii>8 or, p. .*>29. I 

BORIC ACID V. Boron, oxtacws or, p. 628. 


BOBIO AVHTSXXDB 9. Bomn, ohm 

p. Sir/. 

BORIDES. Compounds of boron with ono 
other more positive element.— Very few of these 
compounds exist; manganese forms a erystaU 
line boride probably platinum easily 

combines with boron to form PtB (?); and 
aluminium and boron appear to form a xind of 
alloy, the proportion of the elements in which 
; varies within very wide limits: two definite 
borides of A1 are also known (t'. Iriuium, Iron, 
Manoanrsk, Palladium, Platinum, Aluminium, 

RORIDKH or). 

BORNEENE. A mixture of terpenes (g. tt.), 
exuding from DryobaUinoj)S cam/iliora, holding 
I borneoiin8olalion(Qerhardt,!rnii7<',3, 628,841). 

1 BORNEOL C„H„0 i.c. OH. Borneo 
\ camphor, Tetradiydride of (I, 4, (o) methyU 
I propyl-plienolCl). Mol. w. 154. (198°] (P.); [207®] 
(W.) (212^). It 00 76-30 in a 22-5 p.o. alcoholio 
I solution (KanonnikofT). 

Occurrence .— In Dryobalanops campltora^ 

; being extracted from hollow cavities in the trunk 
of old trees (Polooze, A. 40,326). In the essen* 
tinl oil of valerian (Gcrhardt, A. 45, 34 ; Bruy, 
lanls, B.11,451). To tlm extent of 4 or 5 p.c. in 
oil of rosemary (Bruylants, J. 1879,944; Weber, 
/f.238,89). 

I'orm'ition.—l. By heating camphor with 
alcoholic KOH (Bertlielot, A. Ch. [3] .56, 78).- 
2. By tile action of sodium on camphor (Bau* 
bigny, [2] 3,71; Haller, C. li. 105, 227). 

J*repnrution from C(imj>hor. — (Jackson ft, 
^fenke, .tm. 5, 270; 6, 404; Kachlor a. Spitzor, 
M. 6, 60; B. 15, 16, 2730; ImniendoitT, B. 17. 
103(>). Camplior {50g.) is dissolved in alcohol 
(r>(K) e.c. of 96 p.c.), and sodium (6>0g.) added 
slowly. Towar«la the end of llic operation watei 
(50 c.c.) is added (0. Wallach, A. 230, 226), 

Propi'rtif ::.—llegular crystals; v<‘ry readily 
sublitues in plates. Smells like eamjilior, but 
more peppery. Has a burning taste. Tho 
alcoholio solution is dextrorotatory; artificial 
borneol luis a soniewlmt liiglier rr-tntory power 
(c. 43®) than the nntunil borneol (io]„ = 33®, 
(hint; Kacliler). V. si. sol. water, sol. alcohol 
anil t'thor. Lighter than water. The rate of 
etherification of borneol resembles that of pri* 
inary alcohols (Menaclmtkin, J. Ji. 13, 162). 

ifcrtcfions.—1. P;0, converts it into one or 
more terpenes (borneeiie). • 2. Boiling UNO, 
(S.d. 142) gives camphor and its oxidation 
products. 3. Behave.sasan nleoliol with regard 
to P('l.. - 4. HCIO converls it into camphor. 

Sodium borneol C,.,lI|.().S’a: six-sided 
plates (from benzene). Combmes with CO^ 
forming C-,,H, .0(CO.^Na) (Kuchler a. Spitzer, 
M. 2, 235). • 

romidA.-Broinine added to an ethereal 
solution of boi^eol forms crystals of a mixture 
of bilnnidcs (? C.„H„OBr, and (C,„H„0)^r,). 

JlyUrobromide. (C,,.H,..0)J4Br. Crystal* 
line pp. got bypassing llBr into a solution of 
borneol in light petroleum. The compound ia 
unstable aud is decomposed both by water and 
by alcohol. 

Hydriodide . (C„H„0) .HI. Prepared 

similarly. 

Methyl derivative C,JI,.0>fe. (l94®oor.). 
From sodium-borneol and McI (Baubigny, £, 
1868,299). 
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BORmrL PHEKtlrCARBAMATE. 

Mthjfi atritaUtt 0„H„OEt (»»”) (B.). 
Vormyldtr%vatyv» <l,.H,.O.cao. (mJ. 

In oil of valenan (Bruylants). 


, J'T" : goldan.fsllow pl»t«a, 

Acttyl <ifl»-<»a(7oV"‘ci! h' o'\c ra 3 I«> I »IoohoI.-B'H,SO,; ewilt 

(K. a. S.)f (227») (M.). Occurs “oil of'^ 
(Bruylants, B. 11 , 456); and may be form.vl bv ' rni^0„H,.MHCH0 i 
the iction of Ac 0 u, on bor Z (Mon ^ i ? i ' J plates. 

A CU [5M4, 5i). oj of AgO.^i bor,’ ^ colo^Ye 'pi 1;"’“'“" = [»>“J 

chlorido (Kachlcr a. Spitzer, ^ 1 . 200 , 352 ) Oi, • ■ a* sn ,, , 

Btamling it becoraoa crystalline [21=J. Fusiun ' coloiirleaq [*31®]* 

with NaOH gives NaO.Ao and borncol | Schart a Bae’h ?! 


(253='-260®) 

Stearyl derivative 


fl(C|,II„0). I BOKMYL CA 

AUW M i W-COlOl (115^,. K^nsodinmlimmcol 

Benzoyl derivative C,.ll„OBs. Oil. ! C. 5? Tl 5 U n/'-'s;”,; 

a cohol produced by fermentation of the sugar aldchydeand HCl form Clip NltO 
of madder.root (Jeanjoan, A. 101, 05). Small j ri87»). fY. Cimo.l. ''*‘'"•^”•‘^•^.•• 0 ). 

regular crystals 2 si. sol. water, rotating upon it. ' baowvt /vAtwTSAwwaM.w. 

UNO, forms lievorotat ry camphor. 

Lsevorolatory borneol [ 201 ^]. 

S.G. 1 - 02 . From Ngai camphor '(flanburv. J. I 

1874,537). i 


borneol and Hlir (Kachlcr,'! 4 . P> 7 ‘ «>s) 
BORNYL CARBAMATE C.,H. NO ie 


BORNYL CARBONATE (C.„U„),CO,. f21;V’l. 
hxtractoti by boiling alcohol from tho resitlua 
left m the preparation of oyano-hormMd frojn 
sodium btirncol and cyanogen (Hiillcr, C. li. ill, 
rortio. i 'Vhile plates or hexagonal tables, insol! 

it o.>!' ' si- sol.colfl ulfohol, sol. other. 

May ho fiiililiiufid. Tim rotatory jiowor vuriof 


taeverotatory borneol C„II,,OH. 

Wu'“-67'’21' in alcohol of H2 p.c. at 22 

2671 ’’liv?, ^ f-m";ii,i;h"iri:';r 

...xsraf 

Inactive bcrnccl C II 0. [KKi’J. (210'>). ! crystalline,' v.' ;,i. ’wt'tei^;' lloiriy 'dic„mwl-d 
?'!*? of the didillation of colo- . hy water with separation of horrieol 


phene ( 7 . r.). Also from its .lottyl derivative. 
I lopertiee. Dill', rs from dextrorotatory 
borneol only in being inactive. The eryslal's 
float on water, but wlien pressed into e did 
wke they sink (unlike camphor). Oxidis(-d by 
HNO, to inactivn camphor (Armstrong a. Tildiui, 
. with a large quantity 

of IICl It form.s C„II„UC1. 

Acetyl derivative C,„II,,O.Vc. (215‘). 
From terebene and lIOAc at Kill' (llmiclmrdat 
a. Lafont, Bl. [2] 45, K'.l; C. It. 102, 171). 

According to Haller there arc two true bor- 
ncols [a]j M + or — 37^ and tlio others arc nm- 
leoular compounds of tlicse (v. CiMiuioii and 
ClNHOt). 

a0RNYl,AKI»E C,.H„N probably 

< CH.^ 

I [tCO^J. (200'). V.D. 5-5 (for 
CII.NH, 

5-3). o„ .-= -18' 35'41". 

Boriiiiititm. —1. By it-duction of cainpbor 


BORNYL CHLORIDE C„II,,CI. ' [1,77-’). 

Voriiiulim. -Prom borneol (1 p|.) and HCl 
(0 pis.) at Kill' iHerthcIol, A. 112, .31111). 

-Prom PCI, (lil)g.), light petro. 
Ifum, and hurneo] (lag. added in porliouH of 
Og.). riio ifri'dnct i; .slmkon with wah^r and IIia 
petftileinn aihiWf'i lo evaporate in tho cold, 
wlmj> hornyl eliloride Bep.aratos (\VallRi:h, A, 
2;;0, 231 ; Kiicliler, .1. 197, 93; U. 11, -160). 

I'lKim ti's. Crv.stals. V. Bid. light petro- 
nunn. in. Sfil. ahiolnil. Jirevorotatory. 
i liirtftion^. - 1 . Coiiverteii into liCl and cam* 
pli»U(.' f;f2'j (4*. KJO-'), hy heating with 

mUi-r (10 pts.) 95" (Kaclilor, A. 197, 9«); 
hetler ))y %.it fning with aniline (W.). A Httla 
, ht.rn.'td isal.-o fornn.-tl hy Du- aelion of water on 
honivl ehlorid.j (Kachli-r, A. 200. 342 ; Uihan, 
A. i.'h. ;5^ t), 382). 2. iSW^ gtu acting on a solution 
: in hi ti/.ene forms gujiiplieno C,„IJ„ and hydro* 

' oainplieric C,„U,.. 

B0RNyi-METHYL.nBEA 


.. *. iruusanvij o* laJuiijMiof- Aunix 

ojim in alcoholic fioluti.m by nifans of sodium^ C,.H,..NH.C<).NHMo. .200 Formed by tho 
2. By Rajwnificatum of its ftrmyl dorivalive , action of methyl cvanlTtf' upon boniylamino in 
obtained by heating camphor with aranfonium ; i dieroal solution. Flates. V sol etlmr and 

formate at 220 V 2 ( 0 ^ * * | hot wal. r (I^ifiichart a. jJach, 7^. 20 , 108 ). 

iVo/wfic-?.—Crystalline solid, having an I BORNYL OXIDE C IJ (Jif (C II ) O m 
fklour resembling both camphor and piperidine. ' ( 28 . 5 ^'- 2 :iO'). Oecurs in the cs enti d' ml' a# 

in Its physical properties it greatly rcsemhles ; Miloriun (liruvlanU, /J. II, 450). Not attached 
camphor. Very volatile with steam. Hnblin.able 1 by melted KOIi. 

fVOn At tllA nnlitiariv tnmtvr.raiiiiiA V oaI ! * n/Ynvrw «aww 


even at the ordinary temperature. V. sol. ..ico* 
hoi, ether, Ac., nearly insol. water. Alkaline 
reaction to litmus. Takes up CO.^ from the air. 
Primary base. Gives tho carbamine reaction. 
Lesroroiatory. Isomerio with camphylamine. 


BORNYL PHENYL^AHBAMATE 

Buvnyf . phenyl ■ urethane. 

[133' j. Fornied by the action of phenyl cyanalc 
upon bomeol. Needles. Sparingly §ol. cold 



w 


BcminfL 


Ikralii m 4 kleohol, i, id, otbn tolTcati 
(Ceuobart, B. SO, U£l. 

BOXR?l-FHS!rTL-THIOOX£A 
C„H,^Nn.CS.NIIC.H.. [170']. Formed by 
tile action of phenyl inu.Htard-oil upon bornyl. 
Kiitine in etlieronl Ktdiitiun. Coluiu'le.sB needh-B. 
Nearly ineol. liip-uiii [Lcuchart a. ilach, li. ‘Jil, 
1001. 

FOKNVt.I-HENYL-UHEA • 

C,„U„.NiJ.CO.NilC._ll_. ;2IH ]. t’ormcd hy the 
action of phenyl ey,inati: iipnii hnrnylaniine in 
ethereul sohltinn. Hilveiy plates or line neeclle.s. 
hpai'inKly aohihle in c-tlier anil cold alcohnl, 
easily in hot alcohol, insoluhle in water (Leu- 
chiirt a. Iliieh, li, ttl), IhM). 

BOENYL-UKEa (:,.1I„.MI.('0,NIItuM 
Formed hy hoilint' hornylainiee hydroehhnide 
with potassium eyauate. Colourless iiei dle 
Raaily aoluhle in hot aater and altohol (J.eii- 
ehart a. Haeh, II. t!lj, lOs). 

B0KKE3ITE C U„o.. [17.V|. faj,,-;pys. 

A volatiltt Bub'tjuici* oci'urrin;.' 
in tlio cuoiitclimit: of Ibirnco. HnblinojH nt’JO.vi 
Swflft tasto; (liHts iif»t fiTJin-iit. Aflor Ijoiliti;; 
witli tlilulo uciil.N it rt'tliif.- ; b'oIiIinj-j’B golutioii. 
At I'iO'it is Kj)lit ujt by fniiiinj' 1I[ into Mol 
aii<] (la iiboB.* ((iiiur-l, (J. H. 7.{, 

iitiilOFLUORlDE^, V. iiinlcr Hoh.in, KUr'ouiiii-; 
Of, |i. 52t). 

BOKOK. IJ. At. w. 10 'j 7. Mol. w. unknown, 
as V.I). huH iu)t bfon (b't<Tminotl. .S.(}. 
anioiplions not 'b'liM'iiiinoil, but f{*'^<ttor tiuin 
1-Ki cryst. 2-r>;{ (Wohlor, A.lil, 2bH; 
lIan.|io, 4. m, 7r>). S.ll. abtmt 'M at 
pwbubly about -5 at (r. jnwf; p. W-'t)! 

l-ryatalliseH in <linu'tric fonns, a:c =» 1:'nTtl'i 
(Sella, /». 1(H), (Mb); but ciyulalu probably ron- 
tanu’b C (iii.l Al (v. h.V.S. about 11 

(:onibiii,'B tliu.fily with 0 and Cl with pro.lut:- 
tion of iniifb li« ;it; jM-.o’] - ;u7^oo(). (1 {,cim . 
104,000 (Tioo.st a. lluutt'fi iiilb', jV jy,} 
cmiss-tMi-^JnvtrlUll are 
240b*2, 2407. ;ijr>0-j (Hartli-y. T. 17:.. 40). 

Occumr.ee.- Not us borotj; .dtiflly as borax 
and bone acid in volt-anie .listruts, al.<<^ uh 
bowte of M^with M-Cl, borate 

of Cft with t‘a silicate (AiAi/;.', |. .Vt*. ll.irax. or 
finruf, has been known in vo'.nuu'vve i, v manv 
eouturu's; boric acid was pr.'parctl fi„,„ |„.rax 
m 1702 by IIiinilH.'rg; the elrment was oblaiinil 
by (lay.jaussnc and Tb.'navtl in 1S()8 by tb- 
oxidistitK boric aciil by pt tarsiuni, wbi#h niotal 
bad been obtametl by l>avy the year before. 

.. 1. jjy reduction of R/,)^ by K 
(Uay-liu.ss.te a, Thcuianl. (/. .1. ;M), dOlt). —2. Dv 

fodurtu.nof lU‘VKl'‘bv*K(|;ri/.e;iuf{,i*. 2,11;i). 

a. % olevtJt.l_\-.is of fn-.d !;.«» (Ravv 4 
116,1.101.- 4. ily rednetinn et |!CI,l,y H ut a'leii 
hca (Lumas .4. Ch. .-u, .'iTill. ■ .6. Ily 
diy borax with nmorphouH P |l'ruj;..M.!,:nT. (■.(,' 
ISM. Kent, -p, I.y heuliim lli'VKP or lll.'. NaC 
with Mjt (Wohler a. IViilie, .1. (Jii. ..T il'>. 

- 7. Ily he,;tim.‘ii;i; 

with M|; and trealiipt the product with JICl.X.i 
(Jones. C. ,1. :t3. IJI. ' 

J‘iy/xrr,i.'i,”i,..A,|"i;,.,|,„.a. 10 parts tus.d 
11,0, m eoarae pon.lev are mixed with ti parts 
M in small pieces, iho mixture is placed in an 
m>n orm ilde h,".l"d to full ledoess, 4 to .a parts 

aoTend. When ad action haa ooased me 


moUm aaM ii aUmd nift an fagg IMi' 
the oontenta at the onwihle, tabOe atiU hot, tm 
, poured into water cont^ing a Uttle HCI. The 
i NaCi, borax, and 3,0^, (Ua^Ive, and the bonm 
.remains. The boron is washed with very dilate 
liOlAtj, then with alcohol, and then with 
ether; it is tlieu dried at a very gentle heat 
(Wubler a. Duville, A. 101,113 a. 347 ; 105, 67). 

I CiiY.sTAisLi.sK. Amorphous B is pr<3ssed as 
tiuhlly us j)OKaible into a .small Hessian crucible, 
a hole is then made in the mass and a rod of 
Al (4-G grams) is placed in tlm hole: the 
crucible is covered aivl placed in another, 
lurgcr, covered, crucible; tlie space between is 
lilled with powflered charcoal, and the crucibles 
are heated to I.jOO’ or lOOO' for IJ to 2 hours ; 
after cooling the m'.s8 is treated with dilute 
liClAfi which tlis.solvcs Al, and BN formed in 
tin* process (\^^:•.hlc^ a. Duville, 4. 105, 67). 

• •‘\f:cording to ifunipe {A. 183, 75) the crystals 
obtiiined by iliis process, or by any process said 
to yiubl crystalliiKJ B, contain Al, and some of 
them also C; llampo gi-cs the formula AIB,- 
to tim black crystal.s, au.l C,A1,B„ to the 
icfbli.sh-y.'ilow cryslal.w, oljtainc<l by the foro- 
goiiuf mcliiod (f. Ai.C-Mimi'm, iioi:n>V;s or; and 
Ai.r.MiNi;M, iioKitc-Mimjir ok). 

l‘Kfl>crlies. -Aimnpliuiis boronis a greomsh* 

; brown, upmiuo pow.bT; tasteless; odourless; 
iion-con.Iu(;torofcb‘ctricity; very infusible, but 
melts when pl.-iceil betW4‘en the poles of a 
Ijultury of GOO Bun i.Mi-ijells. Said to bo sliglitly 
soluble in water; Iteinit/<*r W. xS 2,''73G) 
supposes tliut the bo.ly wliieli dissolves is a 
hydride of B (i*. Bokon, ni oi.iok or). Insoluble 
in iiicidiol or dlo i'. Jh iiti-tl iu rneno or in an 
huK’tive e.tj. II, B Is-fttuncs flarkj-r in colour, 
btiavicr. ntid more ootupaef. Heated in O, burna 
; h. B.,(.h, :B%(.)’]=-:U7.2 (hI: b.-afod in air, B,.U, 
uiul BN are joufluced. (»xifli.-etl by beating with 
KNO;„ K.CO,, KOH, ,[oue. HN6 ,A«i. or <iqua 
Combines 4lir«rlly with many elements 
' xV-^iw’ properties u>.-igned by 

WolUera. I>evllle aiul n:!;. is to er^Blallino B, 
Ale, uccording to llampe s experiments, the 
properties of AIB_, AUV.-, uml <.'..AI,,B„ {v. 
jy.onNirM, iioutm: i>k, ami UuuocAiuunii of). 

I he atuhi of B friv.ileiit in gaseous iiiobiculcs 
(flata 1>CI„ BBr,, Bb's). The atomic weight of 
B has been determiiie<l (i) by linding the V.D. 

I of BCl, and BUr, uml e.stimating the Cl and Dr 
I re.sjteetively in these com[foun«ia (Doville a. 

; l)timus, .1. Ch. [3j.»r), l.SO); (ii) by dehydrating 
i borax (Berzelius, J\ 2, 120; 8, 10); (Hi) by 
j converting dehy-lrated borax into Na.SO, by 
; nelion of JIl’Afj uml ir,S().A.| (Berzelius, l\ 2, 

: 128 ; also Ai fvf.l .-u. }'. 2. 127); (iv) by deter- 
I immng tlu* S. Jl. uf l.orOn (r. in/ni). Boron is a 
ngn.metallic clefuent in its chemical reactions; 

Its oxide. B..O.„ it un nrihydnilo; boric acid, 
ll,JV(),.*com‘spond.s in composition to nitrous 
aeid, but llforiual <bija show that boric acid is dl¬ 
l'isie; the acids II,lU), and Hdt.O.(andseveral 
sails derived from tlie latter) are also known {v, 
I'OUt'N’, oxv.\('i!is or). B,0, seems to form coni- 
pounds with P 7).., SOj.and Wo,. In some respects 
It slu)ws analogu's with C and Si r-physical 
of acid containing F 
(UUl,) ; direct combination with N; exisiefica 
of many borotuDg.statcs; probable existence of a 
gaseous hydride, Ac. Id many points B : 





iaa Pi-Mwlway at B «oa. 

?5Sr4,^nMi!!^i;,s 

111 rations With siilphidea of very positive 
netAts; esistenoe of a B analogue of tartar 
^etio, Ac. Boron is the first meuiber of Groui 
III rfw>rin<lii« lanO . 41... . 1 ;_ • *: 




ing to ontakr aini 

• iteiic/wiu—1. ilcatml in air, B.O. «n4 BN 
are Jormed.-2 Heat«l in ornurn, B bnmt to 
Hoated to reilni ss in N, ItN i« formod. 


thia group urp all ilc. iiWlv ini tViliii'■' Iml ' T . airrcuy with many elemra 

■■" ‘ disaolves n Ki I t. 1 ., i i ’'r' «.»"•! “omc nu'lals (v. iiomi.Ka), 

iT r • il 'l<'«’'l.p..a«l l,v 11 at 11«1 I 


AI,0,-3H.0 

•laminalos (,j. r.); A1,S, is also sou..'wliat 

analogous to B^S,: the compositions of sfVfial 
B compoujitls arc similar lo those of the corie- 
B^nding conipoiimis of mcmlters of (Iroiiu 

a’,/;;!- ''■?" Xf- AlCI. 

an<l BU, Combine directly with I'OC’I^. The 
dillcrences between tlie eliemioal functions 

of B and tlio other elements of the group to 
which B helotigs seem to be wi«ler Llian is usual 
bctwt’i'n tlie first and tl»e following elenionts of 
the same group. The boron group comiuises 
the following; 

Giani* III. 

kienSSi'nrx ij, (i 

StiiM) i.rii;:'..) 

IMii AV/i j - rj 

A(L7i (la(l»l |„(i||) 

Tliaso cl-imula am all i.i' l.illii- willi llic cs 

cciitiim of It; in thn ri'a.ii,.iis „r 11 , 0 , (ovvai.l, . -- - . 

certain aciila (p. 527) 1! shovia that' it may act ; •^'I'li'cms poliila.iis ,it 
as a tcetily mi'lnl-lil;e clcim nt, lluric aciil is I "''t'l Ih hi- S 


. il('cmiip..sc,l hy ll at lh« but 

at a r.'il hrat. Steam reads n.ih 11 bi (orm 
hone acal and 11. 0. 11 is oxidi,«.hv henling 
'Mth mine ad,I run,-. ■■ 

or by the action o? mulleu nitty or 
varmus oj U.-s ,./ hear,, !s. 7. 1! is alsu 

oxidi.scl by hcaiiiig with III is cM.lvod), 

or with allahia- ,() i„. cparaic. 

.■rxdms, e. H 1(11, with pl,„,y;..„nc add 

(1 isscp.arat.'d.Wnhh r a. Ii. vilh', . 1 . ( Vi. i:i| 62 

, 11 hm-na wh.'ii h. alcl in luhic adjt 

ormmg 11 ,( 1 , ami HN ; N,() i,s«iih,ml adiun on 
I B. J. At u red lieat B deamiposes .'^ulnhur. ttrd 
u, 1 .. and 

Yid'r.K " i V'dwtivdy Ii,s, ami 11, 11(11, and H, 

.. I UN and 11. 1 ( 1 . Mmiv mdalli,. chluridcs and 


I snlpllith s, pliCl,. 

[ nit tal when healetl unh J 
; Kolufi.ms of (/(•/.i 


I’l'S, ure redm'cd lo 
11. l•Vt'm miuomia 
• II pp.. All. ~ 12. 

r,iii--fi‘' nilii/lts ilo not 
called crystiilline boron 


ima«j-uKe element, jionc Qcitl 13 i “ called crvstiillino boron 
an cxlreniely weak acid ; ifs atVmity ig very ! «'»iiknly t<» nmmpli.jun limtui. but the 

small. 1 Ini borates anr very unstablo nails, j ‘'-'I' kigi't‘’U»peraturi.‘ 9 ; it it 


easily tlcconiposed, oven liy wat<T, to boric aeiil 
and b.asieoxidc.3. Thelast nn nibertiftlio group, 

Tl, shows distinct analogies wiili the .1 Ith series 
momber of the next group, \ j/.. pb; B .shows .lis- 
tinct analogies with the 2ii<l series nii’mberof the 
next group, vi/.. C. B occurs in Serb s 2, all (ho 
Bucceeding memberfl of tliis series—0, N\ (), p .. 
arc very negative and non-nietallic; the gimeral 
character of tin* seiii ^ to M'liitdi it belongs is 
stamped upt.n B, .'iml the group-chariieter i* hut 
feebly niarl.e'l. It must, Iiowever, be renieiiihen'il 
that very few compounds of B, c.xcejil the 
borates and their <IiTiva(ivc3, have been fuliv 
•tudied. 

Si’ccijic heat. The S.II. of B tia ilei. rmined 
by Kopp, BegiiauK, and Mixtera. Bana [A. 

.Hfi2; Si/j'pl. :i, 1, 2-^:); J. ISfll. 2ti; A. ir.tl. the curbs of tJie tube are removed for 

varied fnim -220 to -202 for t)je temperature- niomeiit or two, ami then the B is gently 
interval 30'^‘7U'’. In 1873-1 Weber eai- fully k- af. -l in a stream of dry Br vapour, and the 

dtftermincd ^ -...u:. i i/ i;,.(,i.i mir 1...1 ...i... ..'. 1 ,../i... 1 . —. 1.1 

P.M. 
sommsrlscs 


oxiilis.-.l with much .liDieiilly. 

J>< ti-iyii.','.s. (my Lussjic n. Th/nard, O. A. 
30, D.-ny, (i.A. 3.», I Id ; Bei/.,diuH, 7*. 2, 
113; Wtlij.r a. Beville, .d.101,113; 10.3 317' 
10.^1, 07. * 

Boron, Broiuido of. BBr,. M<il. w. 2.'’»0-22. 
(00 o') (Wr.hler a. Bevjlie, A. Ch. (31 .';2, 80)! 
S.t i. 2 0 '.mW. a. D. / (.). V. 1). 127. 

{■'■■iin.ifivii, 1. Uy .n li.iji of Br on B,Oj niul 
C at re^ Wat (I'oggiale, c. Ji, 22, 127).' 2. By 
heatin.g IhO, with I’Jtr, (GustavBon, JL 2. 
0011. • *. 

J'npfnutfio)i. ■■■ Amnrplion.H B in loosely 
packed intfi a glits.s tube, the tiilw is gently 
waii’iiduml H i8j»nsv<.d through it until every 
tr.'U'i, 4if iimi.>.tuie is leiiidved; the H stream is 
sloj'ped, the curbs of tlo; tube an- removed for 


i-al 30'^‘7u'’. In 1873-1 Weber ear- fully | k- af. -l in a stream of dry Br vapour, and the 
mined the S.H. of crystalliseil boron (r. j Ikjiod J.tBr, i« led into a dry flask surround^ 
\ {4] 40, 101, 270); *tke following taldo i k.V iec e.«>W wafer.* 'I'lie BBr, is freed from Bl 
isrlscs his results : • j by digestion wilJi Mg, ami distillation. 

_ . ... I’u.n.Hi.'v XII../ ,. 4 :..,,.. 


S.TL of cripfalliscd bttron 


-40» 
4 77 
177 

233 


- n. 

•Iblo 

•27it7 

•3378 

•31583 


8.n. K At w. 
211 
8'«1 
S-72 
403 


Hie S.H. increases as temperature rists, but 
Ibe rate of increnso per 1° is much ftmuller at 
high than at low temperaturen. The \ariatic.ns 
in the rate of increa.se arc almost identical with 
those observed in the case of carbon b/, r.); 
assuming that this identity remains at tem¬ 
peratures above 233', the value which tlio 
8.H. of crystallised boron will attain at about 
1000'® is approximately 5. Wei < t did not 
analyM the crystals of boron used; they were 
prepared by beating boric acid with Accord- 


J’jojit riicji atiti IttniHUma. -- Colourless, 
strongly fuming, li.pjid. ItcactH with HjO to 
form JJBrAfj and II.,B(»,A^. Koims n compound 
v.iJli dry Ml, (r. Also Nicklcs, C. li. 80 , goU; 
(iautn r, V. ll, 83, 020). 

Boron, Chloride of. BCl,. Mol. w. 117 08. 
(ln'-23)al 700 mm. (If gnH:.tt, Acml. 20,668), 
S.(4. n i' 3.5 (Wohler a. Beville, A. i'h. [81 59, 
O.f). V. n. .68-2. IJ.K. [B, Ob «101,000 (Trooat 
a. il.ault fenille, U. 70, iHo). 

Foitn.iiion. — 1 . By dirret combination of 
B and Cl (Berzrdius, /’. 2, 147). -2. By the 
reaetimi of Cl with B,(), and C at a red heal 
(Dumas. A, Ch, (2j 31, 4.f0 ; .33,370).—3 By tha 
reactitm of B with dry HCl.—4. By roactiM 
between UgCT. I'bCJ;,, or AgCI, and amorphoui 
B.—6. By heating B.O, with PCI, to 160® fog 
some days (Gustavson, B. 3,426; 4, 976). 



wcmm. 


B ii hMtod lA H 
o&lU quite dtft then lu dnr 01 (detotli v. Bobov, 
BBOMii>B or); tho exit>ena of the tube is eon* 
n«ie<l with a Y lube, the upper part of which 
is surroundftd with a mixture of snow and salt, 
and the lower liitib passes into a dry tube* 
also Hurroiinded by I'Oow and salt. 

Propertit'.-i. CoIourlesH, biK'iily refractive, 
liquid. V<Ty ex|iaiisili](i by heat. Fumes 
air with drcompo.dliuii. 

Itmclioyni. 1. With loalcr forms fl.UO.Aq 
and HCIAq; [HOP. Aq] 7‘>,20« (Troosl a. 
ilauUfeuillo, A. <!^. ('ij 11, 70). - 2. Not docoia* 
poaed by lu-atiriK will, zinc-dust to 200'; or 
with sinUutn below lob'll at 150'" B is Kf|)araU-d. 
3. iieatrcl for jjomr time with su|MTlicijilly 
oxidised Ho<liiim-aiiiab;amat 150' H issirparal'-d 
(Gustavsnii, li. 0. 120). 1. |{eat<sd witli 

the compoimd is formed (i'. infni) 

(Guhlavniin, li. 4. 075). 5. Heated with sulphur 
tnoj-i<le,U.i)t and SO.OLaro formed ((JusLavsou, 
0. With nl ohtd forms H(OKl)j and IlCl. - 
7. With No. rejicti tn produeo HClj.NOCI, H.Oj, 
and 0 ((h'uilier, ,1. pi. [2] H, H.51). 

('ombiuiiliiiiis. I. HCl, vapour passed into 
I'OOIj forms erystals »d HCI.,.l*OCl, ((Jostavsoii, 
71.4, 075). This jonipoimd melts at 73' in a 
closed lube ; [»y soldinuilion itsiqiai ales into HCI , 
audl’tXd.,; it i.s deeomposisl by water, or moi!-1 
air, into ll,H(),Ai|, lljH(),A(|, and H(3Aq. The 
same compouiul is pro<lueed by theioudion of 
HCI;,with r.O,. andof H^O^witli 1*0(3.,{(l.i.c.). - 
2. With >jus ^jives 2BCIa.3NH.,, with 

production of mueh heat (Her/elius, 7*. 2, 117). 
tl. Tho compounds HUla.CNCI, and HCl,.CNli. 
nro luiown (Martins, .1. 100, fiO; (tautier, (/. U. 
(>:». 020). 

Boron, Fluoride of, HF.,. Mol. w. Gh-27. 
V. 1). 2K1-7. S. (O' ) 1013. 

7'Vmu/Mm. -1. Hy reaction, at wliiteheat, of 
an intimate mixluro of 1 part 11.4), ^^ilh 2 ]>arts 
CaF., free from silica; Guy liUhsae n.*l’lu't)iiril 
(<1. (’/». 00, 204) prepared Hl‘\ by this methotl, 
til IHIO, using vessels of tiint, ami colle'Oiu'.: the 
gas over llg.• 2. Hy heating I part H4)j with 
2 parts I’alv. and 12 parts cone. ILS(>,;\i| in 
glass vessels (.1. Davy, T. 1812. 30.5); or 1 part 
1 part ami 20 parts H.Sl), (I’erruri, 
•f. 7*5. 10, 48). Prepared thus, tho gas always 
contains SiF, (Hor>'.elius, V. 2, 110). 

7V.'^vfrafio«.- 100 parts KHF,ar<‘mixed with 
15 20 parts fused and linelf* i)ow(k'red H.O„ 
and the mixture is healed with coiTc. JlX^o 
Uie gas is collected over ITg (SoliilT, .1. Suppl. 
6, 172). 

Vruperties.-- (’ol('irloss gas, with BufTocating 
odour, condensed toa limpid♦iquitlat—110'^ and 
Blrong pressure (Faraday, 1. 50,152). Acts un 
organic matter like cone. inoomhustible; 

not decomposed by elBctrio sparks; dot's not 
act on gla.'ss; is very stable, not decomposed 
by Fe at red heat. 

7»Voe/«‘u.s. I, with iiMh'r (orm.s horofluor* ' 
hydrio acid ltHF,.\q (r. m/ni), or tlnoborlo 
acid flB0..3UF (r. p. 530). according as the ' 
IIF, is passed into waiter until the reaction is 
acid, or until the water is saturated (r. iumi). ; 
(HF*,Aq] ''24,510 (llainmcrl. O’. It. 00,2112). - i 
2. Co»ic. sulphuric acid absorbs HF, (about 50 
voU.). on adding water horio acid is ppd. ' 
(J. Dav^, 2’. 1812.305).—B. .iUdft, anda/Aitfi'^c | 


miiaU zttet Bl MliMi, loQahig bpfo* 
BuoridH find B ^rMlloB, P. 9,188).<~4. With 
akohol boric acid and ether arc fonn^ < 
Combinatims. — With amnumia to fora 
BF,.NH„ a solid body not decomposed br labli* 
mation; aUo BF,.2Nn, and BF«.3NH), liquids, 
decomposed by heat, by exposure to air, or by 
i dry CO.^, giving N.l, an<l BFa.NHj (J. Davy, 2’. 
I 1812.308). According to Kuhlmann (.d. 39,320) 
' HFi also oombinoH with the oxides of N. 

HoRorMToiiiiYnaio Acin, anu BonoFLOomnEH. 
HHF,, MBF,. {IlydroJluolxjric acid.) When 
I BF, is led into water until the liquid shows a 
; Ktrcuigly acid reaction, and tho liquid is cooled, 

; { of tlio B of the BF, separates as 11.3,0, and 
tlu! rest remains in solution in combination with 
H and F. By nc itralising tho liquid witli 
KOHAq, and evaporating, a salt liuvlng the 
composition KBF, is obtained. If tho acid 
liquid is ovuporated IIF is evolved, and 
11.4)4),.OIIF remains in solution (u. flcoboiuo 
A cih under Boiu)M, oxyauios of). According to 
Ijandolph {€. It. 80, 003) tho acid IIBF^ may be 
obtained as a colourles?liquid, boiling at l.HtP 
with partial decomposition, by tho reaction be* 

! tween BF, and anethol (C„H,.OCn,.(D,Il,): the 
; aciti reacts with a little water to ])roduco llFAq 
ami IlBl),Aq. A solution of IIHF, is also oh- 
laliiod by di.'^solving crystallised boric acid in 
tlilule, cooled, llFAq. 

I Boroki.ookiokh. These salts have been 
! cliiolly ptudic4l by Bor/.elius (7*. 2, 113). They 
, ar4‘ obtained by the reairtions hetwej'ii (1) me* 
tallic oxides or carbonates ami HI»F,.Aq. (2) BP., 
or HBO._,.31lFA(j ami motallic lliioridea, (3) 
i HF.Vtj ami metallic lluorides mixed with HBO.^; 
j in the last case half the metal of the Huorido 
^ usually forms an «)xi(le. Most borotluoridea are 
‘ erystalline, soluble in water, decomposed by 
heat to HI-', and metallic (Imkride; healed with 
• cone. ILSO„ BF;,, HHF,A(|, and metallic aul- 
■ phalc, nr4' pnjdmsMl; fua»-d with alkali carbo- 
nat4!s lln^y form a inixtiir4> of alkali metal fluo* 
ride amt alkali borate, this reaction alTords the 
' basis of a niethoil f«)r analysing the borolluo* 
rnks (e. >farjgmm. I'r. 1, 105). Many boro- 
lluoriih'S art! partially ilecomposed by water 
forming so-called basic sails, c.rj. Ba(HF,).. 2 il 30 , 
C.'u(HF,)_.. l'l)(HF,).; some --c.y. the Ba or Pb 
I salt are partially 4ioeomjiosed" by ak‘4)li4d ; tho 
aijueona solutions of several ~e.y. NH,3JF„ 

I Ca{HF,), - ro4ldon blue litmu.-*. 

J'ota.s.siinn iHuofluoride KBF,. Obtained as 
a gelatinous pp. by aihling nHF,A4| lo a soluble 
! K salt. Pr4'parcd by St4)lba (('. ('. 1872. 395) 
by heating to boiling 1 part crystallised boric 
aciti, 2j parts powMh'retl and 5J parts 

cone. 11,SO,, cooling^ filt«'ring. ppg. KBF, by 
mhlitiun of a goluldo R salt, crystallising from 
•lot water—S. (^Id) 70. Tlio salt ftuins white 
lustroys six-sidcu tables; may bo crystallised 
from ali^phol or alkali carbonate solutions; 
nu'lU when heated, and at a high temperature 
tlccomposcs to BF, ami KF. 

The other bortdluorides are Al.fBFJ., 
NH,BF„ Ba(BF,),.211.0, Ca(BF,).. Cu(BFJ.,, 
rb(BF,),. LiBF,, Mg(BF,),, NaBF„ Y,(BF*)„ 
Zn(BF,).j. 

Boron hydride. No hydriilo of B has been 
obtained fret' from U; but the experiments of 
donee (C. J. 35, 41), and of Jones a. Tayl^ 
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thilinMOOi 

kjmiMitUaadjilKnrthAl ilt oompoutioii ib 

pfo)(tbl7 BHg. 

Prtparalion.^Aa intimate mixture of 1 part 
reaeati/ heated B,0, and 9 parts &fg dust is 
laced in a Hessian or iron crucible, the Hd is 
rmJj wired down, and the crucible is heated in 
an orainary fire; a violent reaction occurs, the 
emeible is at once removed from the tiro; the 
fused mass - a mixture of B, Mj,% 
and MgO--is plnced in a small tlask along with 
a little U .O, and cone. UCiAq is allowed to drop 
into the fiank from a stoppered funnel tube ; the 
gas is collected over water, or is dried by ( aCI, 
and collected over llg. Mg,IL may also bo 
pr«’pared by direct combination of H ami Mg, 
or by heating Mg in liCi, vapour (J. a. T., C. J. •I'.b 
214). The gas consist^ of U mixed with n very 
small «piatitity of B hydride. 

Analrisis. A known volume of pure 11 was 
burnt, by hot CuO, to Hp. iiml the H^O was 
weighed ; an cipjal volunio of the gas propan d 
as al>ovc WAS hnrnt in tlio same a|'|)arntus, ami 
the H;0 was woiglicd ; ^he e\c* ss cif 11^0 in the 
sccomi experirm-nl over that in tin* first gavo a 
measure of the II o.imhim-d wiili H as B hy¬ 
dride. The results sliowed the oomposilioii of 
the hydride to bo BlI^ where j* > 2 and is ap¬ 
proximately - 3. 

J^rojiertit's atvi Ilciictions.- ■ (’‘'lunrless, very 
disagrwablo odour, sparittgly sohjlde in water, 
solution seems to he um.dinngtd o:» keeping. 
Gas burns with bright grecui llame pri>.lii*‘in;' 
H;^0 and Beconiposed by pa-;>ing tliroogh 
B hot tube to B and H. Keactsxsith .4gN(>,Aq 
producing small quantity of a black pp. con¬ 
taining B ami Ag, and decomposed by II .0 giving 
B hydride. Iteacts with K.Mn^t)„Aq giving 
MnO; and J1^B0,A<|. t'embines witli MI, 
(cone. NII-.Aii’i to f<-rm a crystalline componnd, 
of unknown composition, *Iee(;mposed !)y achls. 

7fc/crc?iec^—(>bl<‘r nttempta to prepuro hy. 
drido of bonm : \V<'ihler a. Ibjvillo (A. Ch. [d] 
62,88); Gentlier (./. isg.'. I'io); Ciustavsnn (/. 
1870. o21) {V. als.) Beinit/er. S:(:. B'. 82, 
Compounds of B with i-aratlin radicles are 
known, eg. Bl.t, (r. Oisoanjc nmovA- 

IIVES 07). 

Boron, Hydroxides of, v. Bouon, oxtach.s 

or. 

Boron, Iodide of. Not known. WV.lilera. Do- 
▼ilJe (A. Ch. •'>2, OOhhy the action ol I otj B at 
a high t* niiMTalure, obtained a body which thc'^ 
regarded as an o-sviodiib*. Agl does not react 
with B even at the melting point of Ag. 

Boron. Nitride of, BN. ^fol. w. unknown, 
as compound has not been gaMiied. Obtained 
in 1812 bv Balmain hynfblting B.O, wiili KCN 
f/hJ/. [31*21. 170; 22. 4(57 ; 2H.*71 ; 24. 
imposition determined by Wthlcr in 1830 {A. 
74. 70). ^ • 

Formation.- 1. By heating B in*N, or in 
NH,. -2. By heating to whiteness a mixture of 
4 parts B;0, and 1 part charcoal powder iji N. 
8. By heating borax (Wohler, l.c.), or bone nci<l 
(H. iiosti, P. 80, 205), with NH,C', or KJeCy, 
fW. I.C.), or KCN, or Hg(CN)^, or :.rea 
(Darmstadt, A. 151, 255).- J. By heating 
2BClv3NiIj and pas.->ing the vapour, along with ; 
Mi|, through a hot tulte (Martius, A. 100, 80). 


S. 

to 800^ (OoateTioa, BC (9) 6» Ml)* 

I Prtparatipik.-’ k mixtura of t pui 4«h9» 
drated borax and 2 parts NH^OI^or 7 ptitt 

B, d, with 9 parts urea (Darmstadt, l.c.)--ia 
•strongly heated in a covered Pt crucible, tha 

finely powdered mass is boiled with tnuch water 
containing a little HCl, washed with hot water, 
B O, is removed by careful treatment with 
Ill’Aq (WMiler, f.c., could not renu" ' all B,0| 
thus), and the BN is washed uud dried. 

Vropvrties. -White, light, amorphous, j)OW. 
dor; insoluble in water; infusible; soft (like 
talc) to the touch; heal«d in fhoe«lgenf a (tame 
exhibits greeni.sh-whito pll«^^plull•«•sconce; very 
stably and very slightly acted on by most 
rciige;Us, f.g. by heating in air, (). J. H.*CO.,. or 
CS;, or with cone. lIClAq or JlNl),Aq or KOllAq. 

—1. At a very high lempornturo 
reacts with chlorine^ to give B(.d, (Parm.sladt, 
.4. 151, 255). - 2. Ileali'd to redness in atiom, or 
to 20(»® in a closed tube with waU-r, Nil, and 
JIjBO, ara formed.— 3. With /wfusA, 

Nif, and K bornto are prmliim). 4. With 
molten KCNO and KBO, 

arc formed, if mm h BN is used K('N is alsopro- 
dueed. • 5. (\ri.i, s of }'b, Cu, or Ug aroredueed 
by h(‘ating with BN, with formation of N(tor N^O, 
(Wohler, A. 74, 7(0—0. Heated with CcUiO. 
aulphuric aciA, or witli coJic. hudroikUoic acid 
to 200“^ in elost'd tubes, NH, and II,BO, ino 
ft»rrned. - 7. With cone. hyAnghioiu'. <icof 
NlIj.BV, is formed. • 8 . Heated in an akohot- 
jliWicfi'd with ox?/' 7 e», BN burns to B^O.,. 

Boron, Oxide of. B.X),. {iSoric anhinhulc.} 
Mol. w. unknown, as eompound han not been 
gasified. [577 j ((kirrielley, C'.33, 278). H.O.. 
1-75 1-83 (Playfair a. Joule, 0. N. Mrvt. 3, 57; 
V. also Bitte, .4. Ch. (.5113, (57). S.H. (Ifi'^ 

•2.374 (Begnault, .4. Ch. '3] 1. 122). H. K. 
(B .G*j 317,21)0 (Troost a. llauteh-uille, A. Ch. 
[5] ;i, 7(^. • 

}’ii'pa-roti:m. - By heating B in O, or by 
strongly heating b‘>rio acid ( 7 . 0 .). 

rroj'rrtiis. - .‘•emi tiansparent, colourless, 
brittle, inodorous, gbiK.^ like, KoIi<l; volalilistal at 
a very high temperature (Khelmen, A. Ch. [3] 
22 , 211 ); volatilised in .steam or aleohoi-vafKUir; 
non-conductor of electricity (JuipM-hin a. 
Tichanowilsch, 2^. il. (4j 22,308; Bowgoin, 

C. li. 07 . 70H). 

Hr.vtimis. -nfi.in very tit.'ible compound; 
it is not d^omposea hy healing with iK)wderccl 
charcoal or with i' vaptmr. It is an anhydride, 
hut appears to show a feebly bn-^ic cljaiaclcr in 
its reaeti(»nB with cerluiv acids {infra (5-8). 
1. Heat' d with jiotiifi.'iiiiti,iioIium,o'ttluminintnt 
metallic oxide and B are f'»rmed. - 2 . Mixed 
with charcoal and Iteated in nitiogm, chlorinCf 
bromi u\ or onbon V, BN, BC)„ BBr,, 

or B..S,,. is formed.—3. A’oA'.> of most acitls, e.g. 
.uIphat' H, nilrules. carbonai- , arc decompose 
by luating with BjO, to a Ihgli temperature, 
witli prcxhiction of borates and volatilisation of 
the aci'l (»'. Tate, C. J. 12,1(50).—4. Beacls with 
most metallic oxules at high tem])eratures 
to form boraU-s.—5. With wat>r fonns boria 
acid (q. V.). ' 0. B,0, is saiil to react with 
fuming sul}>huric acul to form a compound 
.tB ,0,.ySO,.r II ; the val uce gi ven to X, y, and 7 by 
different obemiste vary; tliusMcrz givas the for* 



71)28 oompouod !• eiu^i/ aMnnposea \rj heat io 
B,0, and 80,.~^7. B,0, i« said to form a cjpm- 
poood with phosphoric anhydride^ B,0,.PiO,; 
this body is producee! by lifcatiiig together 
H,BO, and cone. fi,PO,Aq (Vogel, Z. 1870. 12A), 
and removing oxcobh of tin; latter by hot water; 
it is alHO fortin-d, according to (iustavBon (£b 3, 
43(1; 4, *J7o), by heating 11,0, with I’Cl, to MO'^ 
for 3 4 ‘iay^, and alio by lioating 11,0, with 
POCI, to lf>0‘170'' for 8 to 10 houns, diatilling 
oft the POClj.IlCI^ formed (t>. Boims, cilf/mtOK 
or; Coynhinatv'ns, No. 1) and strongly heating 
the reaidiml solid. ll.O,.r._.(), is said to bo in¬ 
soluble in hot water, to be unacted on by acids, 
dissolveii by boiling KOlIAti, and to bo decom¬ 
posed by lu alingwilh Na, giving Na phosphide, 
and probably phosphide of 11. -H. A com¬ 
pound of il,(), with anhydride 

(B.,0,.*dW<>,.j|I,O) is described by Klein (///. (2J 
30, VJO.'il, V. 'f uNosn'iioiiAr Ks, under Tunosi>:x. • 
0. 11,0, dissolves in hijdrojluotic arid, Umniui' 
B,O,.0lll 11,0 ( ll,IU),.0Iil-’) (r. Fr.uoiiojin; 
Ann, niidi r T. ui-'N, oxya' h.s or, p. .">30). - 10. 
When rt ^wll 1 ltion of 1 part lid), and 2 parts 
Kll.t-.llo,, in 24 parts If.O i.s evaporated to 
dryiu'i-s at 100 and the re ddue is treated with 
alcohol, a white, umoiplnms solul remains, in- 
Bolubb' in alcolud but very solublo in water. 
This solid has the composition 0,11,KBO,; its 
reactions are similar to tlio>'.<! of tartar einelie; 
probably it is the K Halt of an ainci B.C,U,()u.Oll 
analogous to the acid Sb.(t^ll,<)„.()ll obtained 
by (Uarke a. Stallo (/i. l.‘l, I7'’7) (t*. Meyr:u\ 
J. Vh. .'1, 8; Houbeiran. I‘li. 3, 30!); H, nOn ; 
2o, 711; 241; Dulloi. N.-U, 333; Vog- !. 

,7. I'll. 3, 1 ; Jlobi.iuet, J. f'h. (31 21, lt»7; 
WuekenrodiT, Ar. J’h. [2] 4; Wittsteiii, 

n. l\ [3] (•., 1. 177; l)uve,.r. isr,!). r.lO; lliol, 

Cvh. [3] 11,82; I*, also iiniler TAJii i^n !-). 

Boron, Oxyacids of. and their Salts, rim e 
definite hydrates of Jl,3), appi .ir to lie know u; 
Orthoftoric ncid H,0^.3ri3> ( II ]u,'f,tlh>ni' 
aeiil B.Oj.H.O ( ll.H.od, an-l ir (or 

2lld),'ir,(>{ H I’.Od- Anoflier 
hydrnte 211.0,.3H ,<) was il 'seriltcd bv |ler,;i'Iiiis 
(5. 23. ion’ as'oblain.'d by liraiitig ll,|U», 
‘considerably over lOn Most ui' t.iiln; borates 

may be n'garded as di iived from 11 dU),; some 
•—C.J 7 . borax from H i;,().; a ti w are perhaps 
derived from e.; 7 .*t’a,H,tl|; and in 

addition In lln'se sev. ral borafe.s exist which 
at present must be nganied .simply ns (*om- 
pounds of I’ .Oj with JiU'lallie oxides (r. inf'r.j). 
All the borie atml.s aTe ' weak ' acids, their salt.s 
are easily deeonipieietl by i^aolions with other 
acids; the ntVniity of boric aeid is ('Xtrejuely 
anmll, Na .B .O, in sohition is entirely deoom|'oaed 
by aneiiuiviilenl of (7V;. l,20l»). lloratca 

of tilt* b'ss p(,..il[ve nudals are usually formed 
only by fusing h)getlier B,0, and the metallic 
oxides. Many of lh(’.s(» borates arc decomposed 
by water; some of them are partially coiivurfcd 
into carboimles wlum exposed to the action of 
moist air; borates even of the very positive 
metals readily combine witli boric acid to form 
aoid salts, but these salts, although containing 
excels of boric acid, uaually turn rod litmus 
Mne; even alkali borates are partially decem- 
poted by water. Tbomseu’s tliermal iuvei- 


obtalmd IqrTDfiqlTfaiftiy^lavaiwtadihMlti 

fllMI— 

m[i«S«OHAq.BK)*Ati 
1 11.101 

3 20,010 

3 20 ,) fi0 

6 20 , 6(0 

The normal Na borate ia tlierefore Na.B.O,, 
I When boric aciil is added to a solution ol this 
Balt heat is produced; thus: — 

m Na*B-0'Aq.mD-0’Aq] 

; 1 2.132 

4 4,yil 

Acid salts aro therefore probably formed, but 
the reaction of the sohuion towunis iitiiiug i’l 
i still alkaline {Th. 1, 200). 

OaTm.noiiic Acrn. If,BO, {Domcic Acid; 

'■ Doric Acid). [181*- iHi/'j (Carnclloy, C. J. 83, 

: 275). 

Occurrence. ■■ In the waters of many volcanic 
districts, c.y. in lu i'any; in m.-iny mineral 
.'•prings; in combination with .V-i a.s liorax — 
in tho waters of e.-riain lake; in S. Amcrioa, 
Thibet, Cfylou, Ac.; in scv< ral mineral.^, e.{f. 
horucite (borate of .Mg), boxomr/ctw/c/fc (borate 
of Ca and Na). 

Forniftfinn. 1. By o.-ci-li-ing B witli a^M 
rc<jut, evnpoiMtiiig, «li , olving in water, and 
recrystallisiiii;. - 2. By dissolving IBO, in 
water. 

! 7 Vcpnivi/mtt. -3 parts cryslaili'^' il borax aro 


dissolvcil ill 12 part.H boiling water, ami (after 
liltoring If necc.'ssary) 1 part cone. H.SO, is 
aiMed; boric acid sepniufes on co-jling. The 
civstal.s are gently heated, rccrystallisi-d from 
I wiitt’i', dried, fusetl in a l*t ijrueible (to remova 
■ all If SO,), again n’orystalliseii from water, and 
! dried liy pros.suro between (liter paper. 

! I'l 'iu-itirs. -White, semi-tran.^parent lam- 
' in,'**; triclinic (^fillc•r, J^ 23, 558), monociinio 
’ Sit:. W. 12. ‘-Mi). S.G. l-43t 

: (M.dba, (/. ;.r. !)0,4.57). S. 3'y. (25*) fi-72. 

; (.'V 5 ) 7 !h (50') 0*84, ((kj-o'*') l(>-34, (75*) 2M6, 

I (s; .*,■’) 28-17.(100*)33-ti7(Brandesa.FirnliAbcr, 
! .(/•. I'h. 7. 50; r. also Biito, C’. li. 85, :t)09). 
S.G. of JI,BO,Aq satnrated at 15*-l-024« 
(Slolha, J. 2 >r. 90, 457). Heat of solutioOf 
iU'BO*,A.j]- -.5311.5 {Th. ,3, 100). Soluble in 
alcohol and several oils (Bose, P. 80, 262); 
solubli* in warm cone. H,SO^, HCI, or llNOjj.Aq, 
but most of tho boric acid scpe.rnleson cooling, 
j•A(|ueous solution turns blue litmus wine-red, 
Aud turmeric paper cherry red; alcoholio soltt* 
tion burtis with gTcen-cdged llaim*. 

/oY/('.'b>us.- 1. JU'aU'd to aOO* ILB.Oi it 
produced (SchalTgotsch, P, 107, 427; Bloxam* 
C. J. 12,177 ; Merz, *J. pr. 09, 179); heated to 
. 140* for a long time, or to 160' in a current of 
Mry air, n.B,0;^8 formed (Merz, f.c.; Ebelmea 
a. Bot|i|uct, A. Ch. [3J 17, 63); heated to aboui 
300* then>xide B.O, remains. Berzelius (5. 23* 
161) said that‘lI,B,0, ( = 2BA-3H^O) il 
formed by heating H,BO, to a temperature 
' considoiably above 100* *; Merz (l.c.) affirmed 
tho production of 8B^tVH,0 at 270®.—2. Boil¬ 
ing cone. H,BO,Aq dissolves a few metallic 
sulphides and oxides (’Tissier, C. R. 39,192; 45, 
411); decomposes alkali and alkaline earth 
carbonates (Popp, A. Supph 8. 10).—8. With 
alArafis and alkaU^carhonates salts of the form 




'WMi tm raatallM laltai o( the Uha 
««e Mrtetnlr known; hence MMta >a 

<*%»•“ BoB*m). Ethereal »»lte ot 
Me,BO,—are known, but 
none of them le directly formed from H,BO, 
(p.m). 

Metabomc iciD, and Pviciiouic or 

TariuuwRio acu>,H.ll,U..' I''orin.-d bv 
HJJO, O', xuprd ); aiiiiTphnus stiluis. 

SoiuegaltB of rtro by llie rcaolia’ii 

betweifii IJ.H.U.Atj ami iiiUlis; suits of 
Are obtaini’il imlirfclly (r. 

No horato U ciuitt! insoluble in 
water; the aikulj Ikoralts art'\t.ry sitUibb'. The 
ices Bolulili! borates are fii.-ily ■hcuniiiosi-ii by 
water, thf easily solul'If sails an* also tlocoili* 
poseil, but h/ss quickly; an alkali borato, for 
instance, in cone, uquioua •solution sli;rlitly 
reddens litmus, but uhi-n nme]: \\ut<-r i.s a'bh d 
tho lilmijs bcctiifif.s blui'. Sithuions of alkali 
borates ab.sorb t't>, an l US; tin y tl- oiiiu|hi .c 
NU, salts wli^-n bfih'il uiih ilmu; diluli* solu¬ 
tions n-act with U;' andsalts similarly to 
alkali solutions. A f«?\v boiatrs can be tihlaim I 
as definite, fairly stable, sa'ts by prtH.Mj>i!atii.'M 
from solutions; klI!H),.','IJ.t> s<-|.aiJit*'S from a 
Solution ^»f K;C(), in t xci -> of 1> to which 
much KOllAq liiiii b. < n add-d ; Mi;]l O. Jil o 
is said to be fornnd by the rtaclion lultytt n 
borax solution and \.|. The more 

definite borates an- >.rcn< jjjliy o-.taiiifd by mcit- 

top'dher lt_Ujnnd l-a'^io i>\id-\t. As a ida'ts 
the borutfs vt ry rt‘rt‘lily nndtn’o chanoi'; tin; 
compodtion of v« ly maiiyii tlicrcfor. ,'\tr< /m'ly 
doubtful. If. loiu. wiio inv-i d nmny 
boraffs. did not .attf.-njit to wasli In- iij< |iar;i. 
lions, but i'i< cd them In tw* on tlit- r j-a}>i r till 
flry, and the:’’d<!«iminod llic quiiiitit!' ' of the 
admixed foi-, -,'.;M sa'ls. Mi>. t borat-- ' •••m to 
beJong to tin tv. > forms and M 15,; 

many may be r« |‘r<:o-itted a; M }5 0 , 

and M.H.O ... Jl lLo,: a f<-.v - c.;/.';iM-O.U't 
may be r‘;Mrd' d as <1' liva'ivcs <»f ll.litJj. Tho 
bost^markid iiorati-s an; th" of K arid Na. I 
Pot(i!'siuin boratff!. -il) Xon>;<i! i.'ii'i-i’ 
tMyraic, K,Ud>,. M-inoclinic crystals 
2’744;i:*i‘i>7d); liy nn hini.'. at wbilo heat. 1 part 
with T'.'.'j i nrts di -olvin;: in wu'it, 

avaiMjratuiK to a syrup out of cou!;.; t v.i;h air, 
and Cryslallisirip iScbahus, .v/n; d-r 

Kry»Uill’h'.s!ult-n .Vc. -Wien, Is.m , ;})). t2» 

AcU ttU'kihui.itr, K.n.fb.H d’.,0,.lfr,t *. lb iMilar 
six-sided (iri'iij •; by';:ili;r!itin,"it-,ilini.r h.t'** A<j 
with B^O^Aq, addin.:' Ktill.\q to sirffr;.- y .alka¬ 
line reaction, cvnporatiiy', and orv, t:dl:-.in;' 
(Laarcnt, A. Ch. '.’2' b7, 215). S.ii'l tos-.m. Um* s 
crystallise with oHd) in rliAmbifi pri-.ni.-.; and 
to lose H^O wlien li' att 1 in a cic.-ld v. -sr l. - 
(3) Oth^r acid K ,IU),.tH,f5,o,.r,ii o. ; 

obtained like (2), hut usin^ has KOl.tVq. 
81^,0,.4HJT0,.uU/)(or 4H/M. by ad iin;^ 

- BjO»Aq to boiiinp K^C(),A(| un-.l solution has n 
aligbtiy acid n-action (Itammclsbcrg, i‘. 199; 

Ileissig, A. 127, 33f. 

Sodium b(>ratfs.-~(l) Xonnal 
boraie, Na,B,. 04 .lM. 0 . Large monof'nio 
prisms; by fii.^ing 1 part dry Na CO, with M7 
parts B|0, (or with 3d> parts cryytaliihed 
krrax), dis.iolving in water, and crystallising 
Vm. I 


wV tf ilr« HaHa cl M 

with 3B«0 K^ftratM on eooliag< Iml iriH 
KaF, in Boloiion, and crysUuited, tl^ 
Ka.B.O^.dNaF.H^O separates (t>. FaooBonio Mit 
(Hahft, J, 1839. 128).—(9) .dcicl mcfabomfci 
I Mi,B.0,.3U..B,0,.7H,0, lustrous, hard, crystal 
j lino crust, obtained by Killing solution of I 
\ eqiiiv.s. borax with 1 equiv. NU.Cl so Ion; 
i.' Nil, is I volvod, an«l crystallising (Bolley, A 
fs. fV'JV. Na_.n.0,.ll!^{.();.7II .(», small crystals 
idiiaiiiid !>y .ji,-.-oiving in wul-’v i -quiv. borai 
t With ;i fcjmv.s H,BO„ and crvstai'i ing (Laurent, 

I C. H. '29. 3). -Id) Orihoh>,'.~.U\^ Na,BO,. Haid 
: to bo foimed by fusing U with uxcei^s of 
NaOii (liioxam, 14, ltd). (1) 'i'.rr.f, of 
;>7//o. f-Ofu.V.’!. (a) Borax. Na,B,(>..1011,0, 

ordinary vr prisimitic borax; Na..B,0,.3n.;0, 
(K'talii'Iral bi'rax. Tin* former tx'eura native; 
it is ohia*: « d by purifying erude boiux. or by 
fusing 1 part dry Na CO, "dh 2‘dt parlB U,B0„ 
flis.soBing in warm water, and slfo' !y crystallia- 
iiig fiom a Ridulion of S.t». I'M - M-'f (B.i*. 101“), 
si<i[ij)ing w)if'. tlie irmpf laturr hu.sf.‘illen to2.V' • 
do . Thesalt with 311 a)M piiratesfrt»maqueous 
scflulions id ordinary bojaxof 8.(1.1-210 at U-m- 
pf'atiires Ix tui ell f'd'’and 70 ', or from 0U{M>r' 
i-atuiaVe*! Solutions of (In- : aim- sail proteclf'd 
fi-oii dust, or fiMiu aqueous stdiiti.fiis of any 
iii'i.gth ex.-iporated at 10' to I'd-’ ((Jeriies, 
('. I:. lf<, tW). ihd.iuni/ oryslallisfH in 

l.irr.e, traii.span nt, Cfilouih ss, doubly p-fractivu, 
nmisielMiic piisiiiii (u;m<' 8-- 

, Td '-j.'.'K s.(i. i ti'.i (I'llhid. .4. (:/i.’:t|-21.-113). 
8, HI ) 2,s, cjn ) ;<>, |jn j .10 4 . (ko”) 

(','0 ) n:i 7, (lOn ) -joi-.i (po{-;.rhilo, A. ch. 

|I5 S. .S.tl. of soliiiion H.atiirated ait 13'* t: 
j'ur.iiJ (I'ontains dH'll)l boraxi (Mii-hel a. Kraft, 
.1. d- 41, -171). lusol. in alrohol. ileal 
d; ap)- ars duiing ; olutifui; ; N/eB't>Mliil '(>,Aq) 
( ri;oiu:.t III. S ll. (Ill .30) -aHA 

{Kopp, 7'. i'*o, 71). Ihfraetive iinliceH (21^*, 

, N;i ln'bi’’ffr. tt i-lltkl, for 1*4 i)k 2, for 
■ 7 i'471'- (l.idiiraurelt. \\\ 4,1). 'rim rryfitals 
i e)iloi\'-,-e in air 7 ' Img to Sims only when 
I tbi y e«>iil,*i(i ; -i, ,)ii i;.i.d»i)nat<-i; wlim heatod 
Dii v melt nil I r.it loH o, J< .wing hiintt 
(Na_,B,0 », wliich im lla jit a red heat to a 
gla-sH like ma-s (.//m'/zV./ l,<>raj ) of S.(t. 2-.’0»; 
I \jiost d to iiH^ist air tlii.s tale' up luH^t). Solu- 
(ioii <d borax in w'af<>r is alkaiine to Jitmuti; it 
,li .rolvos many <»: i-anic ri.m[/i)iuidH more readily 
tliaii v>aliT,r.^.l>. ti/.o4ea*;id and i*a!lii'acid ; ROUIC 
«-omp,iuri'lH''I' ldiib!'- iM (• di : oIvi.! in borax 
f'inljou, c.i/. •le;, I.- .aeid, xurii.ii;. r.UliiH, rCBiHf., 
and oiis; A:-'.0,. Ui, lolves i,i>ily; rilieie. acid 
ohiv v-rv s’-''iJ!y. Mtdt<;;i bor.ix liiHHolveB 
many m< i.iliie I.-.i'jf s *.0,1 k:i!(s forming fuKibK 
«b;ijl.!e ; alts ; In nee ij; i;:,,. uji » ji.n, and alsi* 
in anuly.-is. CivaJ.ii'i i;d .r.-nim/nz/i wore ob 
la.n d by Kl-jliinn f/1. '.bl.’i) by diRSolviiJg 

AM*., if) molten )>orax,ani| ery. talsof rutile and 
f'ld'jihite by (ii.s.-ohing 'fiO, u)d HiO^,, ro«|)«j- 
Ti\ely, in the ‘••ariie loNent (*». Uoim, J. pr. lOl, 

; lO-', 20H). {>, ‘ l/eJnil bor<ir eiy -talliKos 

in iiard, trail jiarenl, ri;’ular octahedni. H.O, 
J'H. Knehaiigetl in dry air, btit in moiat aif 
ciianged lopriamaiic bf>rax. Molts to a glass- 
iil.e rua.ss. 

fb) AmorphnuH tclrahorato. 
Na.BiO;.!!!,!). Obtaiimd according to Scbwoizsf 
{A. 76, 2<»7f by evaporating aqueous borax 
MM 





idotioo M 100* ftiul <bs residtM ftt Um) (S(^)&'. 

•tme temperature for a long time. i8frofittttm.'>-8rB^4; BrB^O,; SSi^SBPii 

(c)Na,B.0,.6H,0 was foand by BeoW OSrO.SBA pUteK—aSrBjO^.aHjBA^^H.O' 
{Am. S. [2] 17,129; 19,120) in an old lagoon? (Bose).—8rB.04.H^,04.8H,0; 
it has not been prepared artificially. • SrBa0..3H^,04.3R.0 (Lsorent). 

The rciiiaiiiiriK borates have been chiefiy ^iwc. -Very vogue (v. Bose). Bfiacher {A* 
investigated by Ikrzeliu.s (S. ‘i-b B»0 ; l\*i, ll.'t ; 151, 231) describes the aoulilo salt 
9, 433; 33, t'H; ;H, TiOl); Artvedson {(hn.-fC. Zn0.1NfI,.2B./)j.<;Hp. 

0th ed.); (lindi/i (e. <hn.} ; H. Kohc (P. 9, 170 ; [? Sftmariuvi borate. ~ .SuiliO, (Cl^ve, Bl. [2} 

19, 153 ; w;, .501; H7, I, 470, 5^7 ; H.s, 4S2 ; : 13, 170.1 

89, 47.3; 91, 152); Wohler (/'. -M, 525);! FM.ojjoiac Acid, and F/.tMii'.juTKS. 13^0, op- 
Baniiiieh berg (/'. 19,115); Fbclinen M. ('h. [3j ; pears to react ns a feebly bas^ic oxide towards the 
16,129 ; 17. 51; .33, .31); liouipict {A. Ch. f3J anliydridcs of a few acids, c.tj. SO, and F.O, (r. 
17,64); liolli-y TA. O.s, 122); Ifeiapalh [P. M. V«>uus, oxiVF. uy, P-n. lions, }\03. Ct, 7). I'ljlJO, 
fSJ 34, 375); l.aurent (/I. t'//. i2; 07, 215); dUsolves in tone. lll'Aq ; by concentration, and 
Tissier (O'. /*'. 39, 192; 15, 111); 1 {I'»mii:i (o'. cf»oling over Jl.SO,, a thick syrup-like Ihjuid is 
12, 177; 11,113). For an aecnimt of various obtained (S.O. i ^Hl) containing 11,15,0,and MF 
BUi)p<iK<d n.nipounds of MO witli 15 O^ v. iJiltc in the ratio 11 d5.o,:r,lIF. This li(|uid is gene. 
{A. CV». i5; 30, 21H). Tint follt)wing are the rally ngarde' as a dcliiiite acid, called /fte> 
•alts whli )i liave lieeii childly I ,xiiiiiiiicd; hut tho j beWe acuL Tlu> li.juid chars organic matter 
conijiositioii of rnniiy is not ‘ittled. i like H^SO,. The s.’inje )i iiiid is obtained by 

Alimniluni. 2.»M Vl5,O,.:5ll..0 ; ’ Baluratmg water wiili IJF, uiui distilling (Gay. 

SAb/),.215.0^.711/) (il. lie.'). - 3Al/)a.J5/)j Jaiss/ic a. 'I’li-'ii.aid, lii’ehi'rch.:> jilit/sico-chi- 

(Kbeiiiirii). nii'iui'.s, 2, 3.S; Jt. rzeliijs, 58, 593; 59, (ill). 

Amniohium.' (NiJ,)..M/),.H.d5..0,.2H/) (also Tlie iiipiid is (lec«u:>pf)seil by waleriiilo HliF^A^ 
3H.^O) (.\rfved,-:<in). - (Nil,).J5/),.5II JJ/VUIjjO and 1J-J5X), (r. llonoj f,r<u;nyi>uio Arm, under 
(Ueelii, .Iwi. .S'. (21 17, 129 ; 19, 120). JloniiN, ruronini: or). If lliis liquid i.s neutral. 

tNlI,),M..O,.55lI Ib.O,.311.0 (Gni' liii).— iscd by NjiOJt.\(i or KOH.\<|,an(i the sohilion is 
(NH,),15/),.lH/5^0,.2ll,o‘{HairiioeUi)crg). evaporated, liie halls MJ5jl,.t;MIMLO(M«Na 
/»ini/;«. -Bal>.(\.i01I .O (l5« r/.*-liiis),- or K) are obtained (Herzeliiis). Tlie .same suits 

Balt..O,.H/) (lh»:>e). - ■ Hal* 0,.l I .H.O,.!! 1.0; ari- also formed, wlu-n M K by fusing KF \vi$h 
BaH.;0,.21I.Jl/),.rJll.,0; 2HalU),.H.jC0..1111,0 II.HO,.and when M-Nu by eryslallising nii.\i||d 
(Lnurenl).- 15(u,(n().,).,; 2r.a0.r5,0,; 5f5a0.2ll,0, .Dlulions of \a.H/), and NaF. Iti.s vitv dou^. 
(Hloxani). 2Ha0.3H/),; Halt/), (Ditle, C. ii. ful whether the so I'ulleil tliiolj<oic acid i3>a 
77, 78H>. ■ (b liniteemnjMmnd or not. Aeoonling toHa-saro# 

Vadnunm, (Mil/),; 2Cdli/),,Cil()^H,.2lI/) , (('. it. 78, Itl'.iH) the li<{uid pri pan-d us dlf. 
(Kosi>). scrihe<l is (h'coiniiosed by dihtil!;iti"n ; at MO’ 

t'nlcinm. - HF, is given olT, at ItiO'-’ to J79 a tjick, 

CaB/V-liPl 2CalU),.Tf,,H/),.4n.,0 (Bose).— heavy, fuming luiuhl (S. G. 1-77) eoine.s, over, 
('aH,,0,.n,H.,0, (Thtinerinanii). at a h'ss funiiTig liijuid is produced, 

CuH_,0,.:{II,H./),.(1||,() (I,aurcnl).— and as the tem^ieiatnre ri^es the distillate 

CaH/t,; 3('u0.2l5.,Oi; 2Cn^.3H|0,; baeoines lighter and fiiiiu-s h ss in air. The 

IK/a0.3M''O.lH,0, (Hiite). heavy distilhile.s ari- d< (’onij'oscil by water 

2Cor»;O. Fi'0;n ..311,0 (Ho.se). will) separation of JI;,HO.v 'Hie salt.s obtained 

Ci'p/iiT. t‘oni)»o,sition very uneerlaiii (e. by Her/.idius arc separated by crystallisation 
Tdiinermnnn, Uo.se, l.aurent. Holley; also into MF, which crystallises *iut lir.st, and a 
IcJttxu, C. P. I'l, 12ii; I'a teniiick, .1. 151, 227; mixture of MF with M.,R/), lHa>arow). Solu- 
I’oussier, /^ 5, II3M), tion of the so-called acid renci; with AgNOjAq 

DUllitiiinw. HiHO, (Ch've, PI. ;2J 43, .‘till), to give Ag-.1F0, and Ag.,0. Hasarow regards 
/row.- Fe(H.,0,),.3ll,/); found in a lagoon* Huohorio acid as a mixture of 11.15,0, withillU'\ 
crater (Jlec)ii, .(/a. H. [2] 17, J‘39; 19, 129). and 111’’. Handolph [B. 12, 15.83) describea tho 
llasicsaltsof muartain cojupodtioii are formed ! bodies H,H/),.3IJF and n,H/)„.2HF; tho first 
by the reactions between alkali*llorates and i is obtained in small quantities by the regetion 
solutions of ferric salts; borates of Fo and Nh*; between Bl-'j and CjH,,,, the s. cond is ono of 
sc»>m to he produced by ppg. iron alum with i the prodnetsof tlmaetion of HFi on liot auelhol, 
alkali lioniti's (UosH. i Hot!) Indies arc fuming, {uad, liquids; they 


T.t'ihi. l'bH./),.Jl/3; i4PhH.,0,.IT/)/),.311.0; ' seem to ho fairly stable ; 1*10 first is unchanged 
lMiH/),.II,llX),.55H O (Ilorapath; e. also Bose), by distillation. 

Double .'^nlU ; FbB/),.FlqN0.,),..H.,0 ; B'imTUNosTATKs*. Many oompouiida of tho 

l'bB,,0,.l’b('L.ll,0 (llevapath). I fornixl3,0,.,9W( 

.1/«r;nN'.>}’a>«.-Mgnj0,.lH,0; been ohtaineiR tlie acid l5Gs.9WO,.2lI/).18aq 

MgHX»,.2ll H.Oj.Oil .O; MgHjO,.55ir,H_.0,.8n..0; | luo# been prepared. The priiieii'al borotung* 
MgHl),.5ll,H,0^.1311,OfHnurent:Uamnu'lsberg). stales will be (h’seribed under Tonosten g3 
-- MgHGj.HH.jOfWiihler). ~ Mg,iHO-,>,(Kbelmcn). ; 'roNcsToa.uuTiis. 

iHnible salts: fiMgO.liX,0^.215,Oj |X»-Cror; DrfiCfion ayul Kstimation of Boric AciA. 
Fe) {Fbohm'ii). Ditle describes various coiu' i Free boric acid is doti'cteil by its action on 
j'ounils of tho form a*RfgO.;/CaO.*lFO,. ' turmeric paper, or by tho green colour w'hioh it 

Xkd.-./. • NIH,,0,.2HP (Hose): also various impavt.s to the tl.ame of burning alcohol; boratoi 
vague basic sails. do not give these reactions, therefore thc^ must 

Pul lii/am." 11 ^ 040 ,.OHjO (Boissig, A. 127, bo ih composed by IF SO,.\q before applying the 
b8). ; alcohol test, or by liClAq before applying thg 



BRA£®toi^ 

Mmiono p«per Tb«te U ao wry Mfis* j SB(OEt),'f 8ZiiBl%«9BM«i,-(-SZn(OEl^($^rai)dt* 
method for eetimtiiag boric add. The {land. 0. /. 15.373). Poagont gas. v. il. sol 
most insoluble salt is KBP^ ; it is obtained from 1 water. ▼. sol. alcohol and ether. Takes fire in 
boric acid or borates by adding excess of' air. t\prtiing with a green dame. Not afTectett 
ROHAq. then evaporating with excess of ]]FA>i, couo. or by HI. Combines with 

dissolving out sulphate, nitrate, Ac. of K, by potash h>rmitig BMc.KtHl. Ctmibinea with 
KC.EjOjAq, washing with alooliol, and drying amnumia forming ltMo,S!I, Com* 

at 1(X)'. Marignac {Fr. 1, •!•))) ovapur.itttb- biius a! <> wit'ri NaDli, CaO, and lbiC>. 
aolulionoflheboratowitheKVssofNH,CIA.jail 1 §oron tri-ethide ItKt,. .Mol. w. VS. (O.V). 

MgClfAq, with various i>rt'cautioii>-, uri'l liuaiiy S.(i. ' V.D. 3 ltl {oalr. IMOl i-Vom 

obtains a inixlun* of MgO and Mg borati' in IH'I, or J^Ol'O, and ZnKJ_, (Kr.usUaml, Tr. 
which ho then e.^tiinates Iho ainninit of .M g) lil7 ; iv. ‘Jo, Ibinj;, mI i«il. 'J’akc.s 

and so gets the amount of b.iric acid (r. nl'O lir. inair. SK>\vlv decomp. .i-.l by IlCI, evolving 
Billo, C. li. bl). IVO a. obi). As horio acid tMl„. Viv'b ntlv !ilt:icl«'<l b_v chloriiK-, 
interfere? with rstimation <d some otlx-r bodi.'s, ^ -1. With ■lai'-j »aoi it forms 

e.j). pho.'jjliorio aciil, it is .c.inictinics mcis.-.ivy a liijuid lU t.NIl,. ‘i. I’.y c.in-ful oxidation, 
to rciuovf it ; tJiis may be di'ii-‘i uIut by !^■iil^g t'o' t in air. ihi-n ni exyg. n, it f.»rms an 
with alcohol an I il Si ),A-| ^ lit JU). goo iCfi. or (I'J.V). Wat or dccomi>.''c.i Ibis oxide, 

with HI’and H so,. \<i t)U\ oJli. lu- -n- fonniiig rt hyl-lioric aonl, Mtliyl* 

bladt (i'V. 2i», 1 s| ilosc!.1" a rui'li.il ba-i d on b.iric acid is tMy.tallinc, nu-l may bo nulo 
the vol.'itili'.ili":i i>f boi-1; ai-id by li; t.il.ibon lime.!; its ^olmioiis arc acd. but it d«K'8 
with luelbylic ab oliolj tli*' go.'d not form ,-all ;. <’"mpoiiin! 11(0111), 

results (i\ also I i orlt. .V. 7i. ' (c. U'J ) anpi ar ito be formed by iho action 

Boron, oxychlorides of. Two arc l.iown, • < i ZuLi (I moi.) on boric i tlo-r; it is decom- 

BOCI and ; m iihi-r •xi'-ts as a ’as; l.i.th i'o>,d by walir into alcobii!, liKt(t)ll>; and 

arc doco!iii."-« d by heat. 1K)C1 i- a win;.- Ihon),; and iiy /'iiKi., it is convcilcl intn 
gclatima:. mC:'!. o’.t iinrd by la .atinr; IUd (Oldi (|ii:i ). which ab.-aubs oxygen, booom- 

15C1,, in tlnoaii > l^.o to l"il) ; at a liicij : iug )t!-’.t|0}',tl . Di-etbyl boric etber, ltKt,(<M’d) 

tom|»cratiiiv il i • d- . ..!ii|»t»:-t‘d li) liCi, anil 15 «), is ; apuihiii d by \vat<T, and the jicid al).si*i bs 
tUustavMiri, /. l‘'7o. .VJI). I50C1, i- !• ni) d nwg. n, incoming crystalline 15l';i(OKl){OU), 
fts a vclu'widi-gn • n b-initl; it was obmi?; d. uni.-it iscoiiv« rit <1 by water intoclhyl boric acid 

along willi !)(/!,. by ps-dii' Cl n\<r a !.. ;!>d JJliliOj]).. 

niixlun; of J)(>, and (', nnn-ving (’I fi.nii i)ic Boron-phonyl-di-fhlorido (',,11,MCI... lahout 
gascou.s pr.iini fi by tai tnrniii:;-, c-aid'n-nig, '• (17’> }. iVcp.aroi by luatmg honni tri* 

ftnd rcimoii;;,; 15(';, by *na)'Oiatt<-n (I'onm'!. r, (-lilori<l.‘ witli nn nnny di ])hi-nyl at ‘JDO* 
pr, [2] t •<. b'.'.M. i;.i‘condilions mi br which iMich/ub.s n. It-cloT, 71. 1.^, iHO). Cohmrlcas 

BOCl, is fi'innd arc not ihninilidy known; faming tUii 1. Ity the action of water it givoB 
CouncIorobfaiiK 1 ih-- b' ^l r< s ill wln-n r< lati'.« iy jdn nyl bmic m id, ami by the action of alcohol, 
little carbon u i. nod, and a faiily ripid -•lic.tni ; pinnyl-horic cIImt. 

of Cl was 1,;; ..-.d tbroiigli flic tube. Ibu 1, is j Boron-yi-tolyl*dichloride CJl.tt’-IM.BCl,. 
decompos'd by heat into UCl^, B.O,, and ft; ' :27 C'doui b' s trysiais. Prepared by boat* 
and by wal-r to H,150,. lICl, and t'l. No oxy- iii.r Imrnii In clilorble with mercury di-p-toly) 
chloritloof 15 ii fonm l by th<’ a -timi of o/mo: • (Mii bacli.s a. I5> <’ker. Jh l.'i, IHa). 
on liClj, or by passing oloitric >} ark-. fiu< i:/li a . BORO-TAHTAJl KMBTIC i\ Hi'Uos, oxioi 
mixture of IlCL ami 0 (Micliai lis a. !»*«;k> r, li. or ; /i nc/b'a.x. N - lU; ul.'*') umb'r TAn’iuvrnii. 
14,1)11). BOROTUNOSTATES. Comjiounds of the 

Boron, sulphido of. IbS^. M«d. w. unkn i.vn, ■ form jBd>,.i/\V(>,.rM()(M''melul), v» Xn.NosTo* 
ft.s comj)oun'l };a< not l»''ni irasitc -l. ; ii-'Hmi.s, under Tr.v<isri:.v. 

Formnt 'o. • 1. 15y li- a'iu;! 15 in H \ ij'onr to i BRASILEIN v. jtiuziTjcj.v. 

white beat (Jk-r/i lias. 2. ll.'i).- 2. I5y ;.vn!iy j BRASS u. Ctuoo'.a, Ai.loyb or. 

heating D in dry II S (\\ olib r a. Doviile, A. lod, I BRASSIC AC10 C fOO^J. Prepared 

7*,>). ' by jiint me)ii|jg its i.-omeri'b-, erimij; aci'l, with 

Preparulion. Small pellets arc luadc by 'iilnfc JlN()j, and ii'lding Kidinm nitrite, 
mixing j>o-.vd(i-ed B/), with soot and oil an 1 , l.aminaffif'iii alcohol). Coiubim.s with bromine, 
heating out of oonlafrt with air; t'n se arc Tolash-fu>ion gives aracluc acid, 
heated to full r. dmss in a pmeedain labe, in a : Salts. .NaA' : lamina* f.'rom alcohol). 

Btreain of'by (5S.; the tube is conmcl'd with ' h'th'il cihr.r ^50;; fibovr* 200’’); 

two Binall l!a-ki snrroumb-d by Piio-.v .ind sait. I’hb'f'niing ]t1al*-.s; obliiiin 'l by <-1b*ritying the 
The B,S, colleets on llie surface of t)t cci l, jjs.d icid or by the action of nitroud acid upon ethyl 
CSj; it is sejiaiat'd from C'S_. 'lie d in an Irucal n 

atmosphere of li il'ri-my, A. C'//. L-i, •>'5,''112,1. * ()lyc^'rin’di-hrat.sic ether Cjll; 

Bj^i is a wliile solid I'v.illi a yei!ovvi.-h tinge, [b.y"]; cryi lai , si. r.ol. ether. 

Freray), comsiAing of groiiji.s - f .small crystals; i-’ormed from gly(r);rin-<li-crucic ether by nitrous 
it smells strongly, and its vaji')nr ads on the . ft'. jd. 

eyes; it is rapnfly decomposed by moi-tur'. to i Olyrrrin-tri-hranfiic ether 
B.O, and HB; U maybe melted in an atrno- ' y'/a/y/.v.A^r/on gl7 j.afterlieating^''dmirleai 
sphere of H, and volatilised in a current 'A H_S. cryrlalline powder; v. sol. ether, nearly insal 
M. M. P. I. ai' oho). Obtained by the action of nitrous 
BORON, ORGANIC DERIVATIVES OF. ' acid ujion ni])e seed oil, an*! cryBlalliBalion 
Boron tri'inetbide CJI^B i>. BMe.. V.D. l-Vl cf the solid jirielnd from ether. 

^e&lo. 1*93). Fromctbyi borateand Zn.Mu., thus: i A?niile [,90 j; colourleof 

' K M 2 



tt«»nh^4fc 


■ f 0.iH,,.OONHPh: [VS"]. " 

£‘'V tewFA,asfea - 

alcohol and water; fonned by the acLon M IS7oo) 

• '“'‘“oo'oarless ne„II,., 
[106^]; . 
.. .L‘’J'’‘‘^'‘^“>iyl-derivativx r. tr 


—4 " Benzene, fijsol. 

Pri^finf water; formed by the action «f 
PCI, upon brassic acid and subsequent addition 
ol alcohol (Koimor a. Will, B. 19, a:)20- cf 
Wesky, J. ,,r. .W, -119; Hausskneoht, A. Ws! 40 ■' 
Fitz, y/. 1,4U; Ooldschmiedt, y? 74 'yoi) 

riooT'r“®,f Mo'- w. 21bC 

1' I ^ O''l'.’0‘'’ toirotlinr with its alcli-lmlo and 

«NO on lie leno'ic ncid (Hansskneclit, A. 110 
althoWXo;;-“'- water,, sol. 

Sal ts.—CaA" :!aq,_Ag,A". 

BEASmiC ALDEHYDE 'c„H..O,. Tho 
^lef product ol tlio action o( [innihg H.N'O, on 

wJtcr'’'“i '.''u' '"■.■'"t"")- Oil. lighter than 
water, volatile v,-,tli stcain. Sol. .VaOllAu and 

reppd. l.y HCI. Oxidised by bromine to brassylio 

BRAZILEitN 0,.ir„O.H,0. 

lormaUoH.- Ity the oxidation of brazilin by 

? Kr/iSSrs 

ttTlo. 

solved in hot waterand.Tffertoomig'iTin^^^^^ 
oxocae is iid.led. The , . 


^ "“‘o““oss needles. 

^«tra-ace.tyl.derivaHve 0 , II, (OAe) 

(Dochl^-imErcki'a: 


hot di 111 .. ,11 . nom . -t ,0 1 (P„radav. y, iso-i lum ir A I. J 


'I'a 
[151° 
is, 11.58)7 

®- AnnoL-A-BBEi. 

BSIMSTONE V. iSoLi-non. 

BRITANNIA METAL » Ti» 

. DBx'inS.''’ "• 
BEOMALIDE C,H„Ilr,0, i.e. 
CIlr,.Cir.<;COO>c[I.CBr.. m.iro„u>.Hkyl. 
I J*ne In -hrotno. lactate. [158°]. Formed by 
.eating bromal hydrate with II,HO.; orTwarm 

i-j. lu, Monochnic crystal.s, insal wAi^r 
sol. other. Decomposed by aJcoIiol. * *' 

BEOMANIL is 'rETiiA-uiioao-yiiiNonis In.t)) 
BE 0 MATE 3 AND PEEBROMATES-Salts 
oxvAiZ’oK . 


.so.niion IS exposed to air. i 

when a pp. m formed which is crystallised from ■ 1 (•o”;"'.'.;'"' '".“'‘'"‘'“''•f w. 
hot dilute acetic acid (Hummel a^ A. o'. Peri i H"(l25o‘to r aflVn ’ ■.«»)• V. D. 39-1. 

C.d. 41. .17.11. ■ “tJt.O ram.)Bboiit (190; S. (-25° 

to 0 at 2 mm.) about 345 (lloozeboom, H. T O. 


C.J.ii, 373). 

ii„ A’r'y ’7 crystals with grey lusi re 

neddjsh.brown when powdered. Very sliehtlv 
^Inble in cold water, more so in hot water. The 
solution IS yellowish-pink with greeniah-oi-iti..,. 
fl..or,iseeneo. Alkaline solutions are oZme 
rid, but slowly turn brown in air 

Blowly addnl to a solution in cold n.no. it S«) 

minute.nmiju, 1 ,eedl,.s,,lA„.bn, 4 ;/,.vnxni'd:: 

W.ll„0,SO.It, are imt. Its alkaline solutions 
arooarinine re.l ,|u,ekly ttiniiu,. Im.wn in air 
Alooliol turns iso.lini/.ilein siilplmle seailet’ 

forming Ihehssie salt 0 |,H ,() 2((1 u 0 hi) in’ 

a. Cone. HCI „i tun - r..-,. -..'T .''’i;".’.")- 


a. Cone. HCI at IlHI' fol-'ltis''C,'T|,,(; c'( 'Mmiite 
md prisiii.s with violet hisire.e.sll.d i.so.hrsrile ,, ' ‘''' ""’nlu. 

Br&ziU'iii 
rcactioiM, 

^tlle^vf^/^^^'^"'?*'^’^■ "r.ir.il.wnod 

wiri /f aii.l in s.-,,,,,,. 

wood (hoin ((•Iieereiil, .1 , 

6t.,2-.u; I,.Iu,pp, 11. r,,pi7. ]loIley,J.j„...,,i; 

IV.-i.,ir,;fndi.--Tlie*diirk liro\viii.sli.i<-d cni.sls 
dqiosilcd during the preparation and sluraeo of 

bSr;l;'' of 


4 ml’ [iI,Hr,A,)r- 

-8et7fi , [fI,l,rA.|J = -27,837 [Th. 2 , 29 )_ 

xAt. wt. = 20-C (Gladstone, T. 1870 . 9 ). 

H and Br do not coinliine iit oidiiiarv teinnora 
tu*s even in direct sunli-l.t teiupora- 

Ifr Mcl'-ged with 

JVf.k- IV ^ ““xturo of H and 

B. It -'umI ' ‘.i method v. Harding, 

oil If and Hr ' ! d' ctric sparks 

... ,,.'7 ” 1 "r. -4. l.y tlio action of Jh- on H 0 
sti'eli as" i> '’‘'o^^oco of oxidisable bodies 
. “3 1. . 8 , As, or lower oxides of these 


u.\iues Ol tnese 

.... I.s a.pu.ous SOUK,on is orange. '"-t 'mIio' (lmuZ’.'®(r« "l3 “nMrt 

r. "n "r’ "3 '"‘0 "r and H.o’(Nanniann 

rcembles h„.ni„leii. „.,..) tlUe jUIl,)t„te:: 

... - ' (M.’-ne, 'li It: 178)' or“i“s O 

(Oliidstono, y*. M r-n ftr. •> 1-4 

'v ‘ "G- 

n II I ,.-V>'>.A.] + .S . ofinr.t,,). “ 

tSi Hpi’,''rV "• 


i,,.;: V ., Ol Jira:..i|.wood consist of i-. unire 1 111 .. V “"mil quantities an 

compound. The crusl.^ an 1 Ih-on^nV nr n‘’n'T'*' 
are washed with dilute (5 p.c.) HCI and then ^ i ”7 .(^"s^ + P + MJr-.H.PO,+ 6 HBr) 

extraiUod with very dilute (12 p.c.) aleohuk ^ ang^-'Vliulo'R^'-“ ? *'T- 
» \ crv.stals (oontAininir ' tat 2 m one bend and a 

Ijd). Sol. water, alcohol, and ether. Turns i ^ other; pieces of glass 

NaOH i,.Zi1h?s rhiTion trSh'S ’ ‘'"‘Kov: Hm 

smcdast. but re-oxidised to braxilem by air. : tube alv^^rgS^sfaS^ ttoXJe^l “f'^' 



BIK>Sat0RId pi 

i !Z^ fir Is tbta fvry thu i1 pA, UBt U *1 744 '^ 

fKii% WMiBMtiithersaioUoaoooiiff whsalfasBr H«0 it in etoh oata Ont B* #• 

▼tponrittfihettbo moist P.aod the HBr passes bMotnes oonatant at 136^ and iht tolatiM* 
off through the deUvorT tube.-2. When larger contains47*38-47*ftflp.c.HDr; the ootupositioo 
quantities of HBr are rctjuiri'd it is advisable to of this li>]ui<l is almost exactly that expressed 
use amorphous P. In a ihsk tilted with a cork by tlie formula inir.311.0 (V. D. 111 agreeing 
earrying an exit tube and a f:iu!1 sloppen d with V. D. calciihitcd for llHr^ .Ml O); bat It 
aeparating funnel, is pincfd 1 part aniiirphous is not probable that the li.juid <‘i»ns'.>is of a true 
P mixed wdli rome dry sand, till 1‘is moistened liy<h.ili\ as the e.<mposiiivin varies with the 
and then cover.'1 with a lay.r of dry satid pre nre; thus if the |iii>s!<re is the 

(Lltioeiuann. d. Itil, I'H ju>!, ): t)\e • siMube is e-oi^imit P. V. is IXi ' and tin* li-inid contains 
oonnected with a (J tube nearly lill.rd w.th glu-s I'l'.'l p.e. UHr (e. JhH.e..e, A. J n\ ‘.{o.'t). If dry 
beads moisten, d with cone. llltrAq andpi.-e. s :\ir is passed thrnii;;h lIlVAn ;il. a constant 
of ordinary 1’ (utiy llr wliieh may come oviT is {oini‘rraturi‘,<'iilirr IlHr or II O is r. ni.>v«>.l, and 
converted into lllir in this lube); this is the comj>"siJi.>:i iK-eorneH eonst.uil; at I<»' the 
followed by a drying tube containing C.iCl. or li(|uid limilly eonJains ol-0’>. and at lOd ’ 

PjOj, and from this a delivery Inho pas ns into a p.o. llUr (Ko-eoe, The S.<t. and p.o, 

dry cylindi r lilled \ulh dry Hg .standing in a coinpo;dti«>n of lllirAq are given in the following 
Hg trough. Ten parts of llr arc plaeod in the tahhs fl'op.sde, B. 3, -101; Wright, C. A’. 23, 
separating funtnd and a'lowed to drop slowly 212). 


into the IlHr is cv<»lv('(l. 'I'owards the • Ti!;i; 

closoof tlm oji'-ralion tin* tlask isg.*ntlv wanin d. • M ' 
If it is di'.-iic.l l.» prepare an a-pi'-'us sohil '«»n ’ I t 
ofHDr, the U tni"' is lilted wili: an exit Inh.* ‘ Jl 
• 'passing into th.' tulnilus of u r. t.wl phieed i 11 
vertically and ur.'-.ing'*1 so tlnit the beak dips a | 11 
little way un i-r the smfaco of water in a botilo; j 11 
fthould tlm Jhr.v of Hi:r slacken, tin? \vat<‘r ris.-s ' 11 
into the body of the r- lort but eainiot llmv h n k i Id 
into the gr-n- ralin:,' ve -sid. d. I’y fh<- a<*iion of ! 13 
Citn. il,r(),A.j on Kl!r: I pan Kllr, 1 parti 13 
H,PO„ an*l d pari.s ITO hi-ing n.-. .l (Herlrand, 

C. li. H2, IJy d.-coinpositig tin; bromide 

of an alkaline e.arth nn-tul by lI-S<pA<j; ller- 
trand n'e.) employs two parts Cal5r., 2 parts 
cone, ll;''* , and 1 ])art ILO. If an alkali 
bromide is n i d. the Jlltr eorjiains rmi' li I5r and 
some SO M— i>. An a-iucou? ‘.>!mion of IlHr may Ik* 
obtained hv rl)j a-Ming I* in small piec. s to 
Br mixed wIl’i a tyin'ddi-rahio (juantily of xval' r | 
in a vessfl arrouridt-d by ici*. then a*ldin ; a 
little more Jlr ami then a few piece- .if 1’ (re. 
pcating if a atrong solution is ri'iptindh und 
distilling from I/,ro,.\q fr. Tops.'ii*, ii. d, -Jd'ii. 

Proh'rtii-.--. IM'r ia a colonrlis?; ga^. with 
pungent, aci.!, wry irritating, odour; e'.eile.'i 
XDfloninmtion when applied to t)»e skin ; fiitms 
in moist air; dlssfdves v.ry largely in v-.A'r; 
t>. in/ni) i.s ahsorhod hy, ami nn-ils. ice ; .-,1 - 7 :j * 
iquciie.fi, and then cryst.alhses. Mel-, in; (f,-. H. 
77,781) obtained liquid llllr by sainrating wood 
charcoal with the gas (!.'>,.OOn gram-unitH of 
heat are j.ro.hieed for every 81 grams Hhr. 
absorbed, Kavre, .*1. Ch. [H] 1. 200), j>lacing the 
charcoal in one en-1 of a e]os..-(l glass tnh- b'-nt 
to an obtu-^e an;'lc, the utlier end of whlcli was 
well cooled, ami heating the churco.al in a water 
bath. An aqueous .soljiron of llHr form: a 
colourless, "trongly .arid liquid ; tfie atT.nity i. tij 
very little less than that rd JK.fAq r. AniMiY. 

The cone solution fainos jn. hut is nM de- 
oompoocd by exposure to, .a'r. S.G. (*1 solution 
saturated at 1 o.c. contains I’-Kt 

grams HBr (**82'02 p.c. HBr by w. igiit) wliich 
almost agrees with liie composition c.ihmlaled 
from the formula HBr.n,0 (Bineau,i4. 'll, 2d7). 
BMZcboom (/f. T, C. 6, 3C3) has oigained 
tbs hydrate HBr.lip as a solid at low 
temperatures arid under a prc.ssurc of 3 atnio.s. 

If ooac. HBrAq iedistillcfl at 700 mm. pre.soure 
HBr is evolved, if HBrAq containing less 



IV. HHr. 

T<'!II1V 

. s.n. 

IV. Ht!r. 


7-07 

13' 

1-302 

:i3-K4 

lo7/> 

10-10 

13 

1-335 

30-07 

Mw.i 

11-tH 

13 

1-.3I0 

37-.Srt 

lu;i7 

12-00 

1.3 

i-.3i;h 


MIH 

15-37 

13 

I-'llO 

•13-12 

M:U 

If,-'.12 

l.‘< 

M3l 

43-09 

Mht 

2ftf>r> 

13 

l’J3H 

41-02 

1-200 

2r3r> 

n 

1*1.51 

45-45 

1-232 

27 02 

13 

1*100 

46*09 

1-253 

200.8 

14 

MH.> 

47-87 



11 

MOO 

48*17 

S.IJ. 

Tt-nip. 11^ 

(Wrliihi) IV. JlUr. 
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M'.m) 





1-218 



30-0 





•lO-H 


M75 



iH-Ct 


1-.51.5 



•lO-.H 


■ ir'.hmc,. 

- 1. Not decompo 

,-;"d hy//- 

•«r/ alon«% 


ev>*n at 70b (llaiili-fcuillo, (\ }t. OJ, 705),— 
2. Dfcoinjiri.I'd hy lie, ting witli m.iny nmfu/i, 
Cf/. K,N:i. i'a am ligain, Sn, .\i*. with f.iiinaticin 
of im t-iltio hito li le and II. :j. i'hhiriiu'InntiA 
mil uml Br.- -1. CoiiC.whr/c or ;:iil/i}nnu: acid 
f'lrnis Br, H..O, und N(>,^ or SO., .'i. Bcofl or 
.'Utrr ttxiilc fonn-i nielailio hromide and )I.^4> 
at. ordinary f. nip. riilinf!,s; nm-t of llie oHiff 
/'(cbt.7.c oxi'I.ii d. comjio .' IJlJr in a I'iiniliir 
way on warming. • b. Mi t.illn: }i. ri>.ri.!<•!<, and 
ii'i !■< ?n<-t.ih (c//. HSi>0,|, form 

iii.'taiiic bromides and Br. - 7. yb/o-.M-v sulutioH 
of Ulir i;} ill-.; hy most imtuU with 

f'Umaiion of imt-aHio hronii*!' and il ; most 
ruoh'.s di -olvc hi ilBiAq forming 
hi.jinid. s. 'idle h.-a. of m ulrah -atmii of HBrAq 
by-MOJfAq or MiOlJ LAq. when M un alkali 
or alkaliiM' earth im hil. is tin? saim* hh the heat 
of n-' jti.ilisufion of IKJIc'n. vi/. J;!.7b0 ; but the 
qnaniifyof In at produc. il i.y tin? iiclioji ofllBrAq 
on the hydrated oxides of i‘t and An, and on 
H('G, is niucli greater l.»an tin? quantity of 
In at prmluced by the uelion of IK'IAqoa tilt 
banic compounds; the dilh renci a arc 
for AuO.TI, I.'J.HIO 
„Pu>H^ 

„ PtO,H^ Ifr.lUK) 

„ UgO 12,230. 

The action of HBrAq on tlie.-e hydrafed oxldee 
is very d.Hcrcnt from the action of the tame 



•:ii.'vUi.]Bnn)R|0 ACW. 


on toe hydrated oiiaee of K, Ce, Mg,4o.i 
to the toimei oases there is little doubt that 
acids of the form E,HgBr„ 
and HAoBr^ are formed In the fiolutioys {v. 
Thomson, Th. 3, 53B). Many double bromides 
of Au, Hg, and Pt - e.g. PtBr^.2KBr—are rather 
to bo regarded as alkuii salts of tiicso acids 
than AS double salts {o. Th. 3, 417; also 
Mkihicuy, 1’alla/hum, rAATI.VUJl).—8. 
HUrAq is decomposed by bromic acid solution^ 
fiHrO;,Aq ' oJlBrAq-Ull.^OAq + OUrAq.— 

0. Cone, sulphuric acid heated with HHrAq 
forms II.X), SO^, and Ur; dilute lJ^SO,Aq does 
not decompose IlIJrAti at ordinary temperatures. 
10. Chlorine fltds free Jlr fnuii HBrAq.—U. 
HUrAq is partly dectunposed by 2 )ofassiutn 
permanganate sohilion in the cold, quickly and | 
completely on hcatinf'. -12. J’>y electrolysis of 
HBrAq, llUi(),Aq is produced (lliclie, C. It. 10, • 
848).—13. IfromiiiiuVmoUcs \i\ liUrAq forming | 
a dark-cobiiired liquid. ! 

Co7Hhhialio}i8.~~l. With ammonia ami jdios- j 
phine; Ogicr (6'. /f. HO, 70o} gives tlio tliermal I 
data, (NllMlMr)T.4ri,00«); [l*lP,HUr] - 23,()(m; ' 
nsing gaseous constiliicnt.s and forming bolid 
Mfl^Ur. 2. With imtcr probably to form the hy¬ 
drate llih'.ll.^O (?). /Vopcrfft'.s).Tho lo ats of solu¬ 
tion and dilution of JIUrhave been mea.sured by 
Thom.seri (77t. 3, 13 and 72); tlio results indi¬ 
cate the existence in the solution of the hydruln 
HBr.ILO, but do not suggest tho furmalion of 
any other flelinitn liydrato on ililutioii. Tlio 
heat of dilution appears to be a continuous 
hypfubolic function of tho quantity of waler j 
added, provided the composition of the nciil to ; 
start with is llUr.ll.O; tlm re.sults cannot,' 
however, bo expn'ssfsl by qfiito so simple a 
formula, involving a bitigle constant, as is 
ap^licablo in the case of clilorliydric acid {</. c.). 
It IS qtiite possible that th(‘ reactions (d jil5rAf| 
are tho reactions of tho acid IlHr.IU) 
H.jBr.t>tl), and that illlr it.s<df i.^not an acid 
(v. Presiilential Afldiv's.s to S*’< tion U. by P.of. 
Artnstrofig. It. A. Meeting, tss".). Uerthelot 
(/?/. (2] lt>, 3Ho ; a. n. i;i, in ; M, 712) thinks 
that lll>iA<| contains a number «)f liytlrafes, 
some purtifilly dissociated, and als(» the com¬ 
pound lJUr (e. Cni.i'tmvjmio .vcie). Koozeboom 
(/f. T. C. i, lOH. 331; 5. 3:.l, 333; also Van’t 
llotT, //'/(/. 4, it I) lias ilelermined the ndations 
between vapour-pr«’ssure and b inper.iture of 
solutions of hy«lr.'ited JlUr.t ^L M. P. M. 

BROHIC ACID UBrO, v. Uuojun'k, oxy- ! 
Aotns ol^ t 

BROMIDES. Binary compounds of Br with \ 
more positive elements i.e. with any clcjiu-nt 
except .l'\ Cl, or O. Br forms binary compounds ; 
with mostof the elements. Tim greater number 
may bo j)ri>tluoed by direct combination. Tho 
formation of inetal^o bromides is usually 
ttccompatiii’d with pnnluetion of much heat; 
thus, (K-, )’.r-J-BW.t;2i); [Ca. Br’J-140.Ho0; 
{Zn, Br ] - 7o.t)30; [Ilg, Br*) « 50,’>.00; 
[Au. Br*J S.HoO. (I.iquid Br was used.) Some 
inetailio bromides are formed by the action of 
Br on tho oxides; e.g. AgBr by Br on Agp. 
Alkalis and alkaline earths in aqueous solutions 
are tlec»uaiK)Sod by Br, giving bromides and 
bromales; eertuin metallic salts, in aqueous 
solutions, form bromides and peroxides; e.g, \ 
JuUts of Mn, Ni, Co, and Pb. Metallic io\lides ‘ 


»w deoompoMd wioUy or iin DartbrBr mV-, 
n^llio bromide free if mS 
chlondes are partly decomposed when heated in 
closed tubes to about 300® with equivalent 
quantities of Br; after a time equilibrium is 
established in the system consisting of chloride 
bromide, Cl, and Br; this equilibrium is not 
overthrown by increasing tlie mass of Br, the 
temperature, or the time (Potilitzin, B. 14,1044 • 
15, 018; IG, 3051). Metallic bromides are 
usually formed by tho action of HBrAq on the 
oxides (comp. JJnujfiiYDJtio Acid; Iteactiom^ 
Ko. 7). Most, molallic bromides are white; they 
are generally i.somorphous with the corresponding 
chlorides; most of them are not decomjKised by 
heat alone, but some, e.g. thoso of Au and Pt, 
giv e up all their Br when heated. .Some metallic 
bromides are decomposed by Iip, e.g. tliosc of 
Bi and Sb; oilicrs are decomposed when their 
mpieous solutions are evaporated, e.g. AlBr,; 
most arc decomposed by heating in air in 
pres«*iico of steam. Metallic bromides arc decom¬ 
posed by certain peroxides and oxi<lisiug agoiiU, 
e.g. MnO„ K,Mn,/\Aq, K,Cr,0,Aq. HNO,Aq, 
willi sfparution of Br; cone. Il.SO^Aq sets freo 
a little lIBr, but dccompost^.s most of tho 
bromides to sulphate and Br with simultaneous 
formation of SO.^; IIOl and llClAq form 11 Br 
and metallic chloride. Wlien a metallic bromide 
i.s licaled with solid K-^Cr^O, and cono. fLSO„ 
free Br is obtainial (distinction from chlorides). 
Aqueous solutions of alkali bromides dissolve 
largo quantities of Br, probably with formation 
of porbromide.s in solution; Berthelot (C. It. 
Ul, iy.5 and 70G) givc.s tho numbers (using 
g.'isoous Br) fKBrA<|, Br*] Aqueous 

solutions of alkali, alkaline earth, and magnesian 
hremicles partly decompose AgCi when the salts 
are shake-n together for a f<*w miuuti'S at the 
ordinary temperature; tho poreciitage of AgBr 
formed varies from G5 wlten LiBrAq is used, to 
vvlu’ii (MBr.Aq is employed (Potilitzin, J). 
IH, 1522). The binary ooinpounds of Br with 
the non-metals are fairly stable ho<U(‘s; they nro 
usually produced by direct combination. 
Bromitlea of B, P, C, nml Si are stable as gases. 
Br forms di liiiile, stable, conipoiuitls only with 
the more metallic and positive members of the 
oxygen group of elements ; l)romi«los of To are 
gasitiable, Sc,.Br.^ is fairly stable, but is dccom- 
pt)S('d by heat, S,,Br._. is a feebly-marked body, 
and no oxide of Br is known. Bromide of 
iodine is a fairly well marked eomponnd, 
fl, Br]2,500 (Bc'rtlielot, C. if. 00, HU; using 
liquid Br ami solid J). Bromine chloride is very 
easily decomposed, ami no comj)oimd of Br and 
P is detliiitely known. If N bromide exists it is 
extremely unstable (.r. also H.^ookn Ei.kments, 
iiiNAnT eoMir)i*Ni>.s or: for the individual 
bromides v. tho^articlcs on the various elements.) 

. M. M. P. M. 

i^OMIDES, ORGANIC t*. Biiomime, onoAStto 

COMl'Ol’NO.S <»r. 

BROMINE. Br. At. w. TJ-15. Mol. w. 
1.^.1 50. [- 21-5®] (Baumhaucr, D.i, 027), [-7*2®] 
(Pliil pp, />. 12, 1421; according to Philipp, tho 
lower M.P. was due to presence of Cl). 
[-7 05®] (Bnmsay a. Young, C. J. 49, 453) j 
(Pierro, A. Ch. [3] 20, 5); (59-27®) (Thorpe, 
C, J. 37,172); (5d'7®) (lUmsay a. Young, fa;.), 
S.G. 5 3 1872 (Pierre, f.c.); 23*18828 (Thorpe 
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tc.). S.O. M B.P. 2-9833 (Thorpe, U). V.D. 
80 (v. p. 6S6, JVoperfe). S,H. (solid - 78*’ to 
-20°1 08482 (Rt-Rnoult, A. CX [3] 26, 286). 
RU. (liiiiiid IS” to 45“) -1074 (Andrews, C. J. 1. 
18). S.H.p. (equal mass of H .O 1) (83’-228') 
•05352 (Ite-^uauit, .Uuiil. 2il, i): S.ll.v. (••qiml 
mass of li.O -l) -(rj-j'.); {iqual votunio (d utr 
*■1) 1'395 ((Mausiiis, Mcr/:>tn. li’<o//..//,,'or/V, 1, 

62 [187(1,). C-’ti' 8!i,S') (Htru-ker, 

ir, 13, 20; f'cp'nuiotitriily dt ii nnint dj, Kx- 
(O'" to i>.r.l V j 

J + -|*I5<>C-. |-.2 4--m t ri:-ls;:| ir* . -is..(>>K.M'» ‘ 

(Tliorjie, l.c.}, S. (') } (l»» ) 3;t27, (15") • 

3-220, (20) 3-20.-. ,2.'i ) a it’.;. (30 ) :;-i20.: 
(l»an(‘4r, C. J. 15, 4T7». of fti.-ioii *- > 

10,1«5. lOvniiuH (.1. (■/:. Jl] 2«;, 20f^l. 1 

A-1 1 

—> At. wt.=-*irf23 T. l^TO. 0). ; 

Eniissiim-'^j'i ctnim; laiiikctl liiKS aro i 

C350, uikI liii*'' bf;:ininJi}{ witli (S.ili-t, I 
4ft. C'/i. ' I 2'^,2‘-), A)i'i*r(>lion-‘-j>tcti’.nil flifir.ic- ' 
lerised i•yllilllly - twi-tni TiSOl'a in tin- ltd 

and 52n I in tli<* nn-fii (ItoHCiui a. Tliorj'f, 7'. 
1877. 2o7i. ; 

J{i'iiiii:ii«' uti-; ili-.i'>)VtT*-d 1 -y in Isili) 

(/J. fJ. 7 . 102 ); it was |iit vn*ii-ly “Olaiind )»y 
Isit-ljiv:, hut >iiiijiii-(d l>y inin t'l I'f uidiiH.’ rliifiiii.' 
(r. Iluffii.iM’.s {{(i7,'V vj a)i>i by . 

but r‘>%irdid by him um Kfiftijon («/. }'r. 
1, 120*. 

0(4 anvi.'iv'. Nfvcr fr« >■; wi-lfly (h>lribul<'.l, 
but in»t ill tjuanlitio', oiii- lly in fombina- 
tion with K, Sa. iiti'l Mu'. In * * a w:it« r (b>r 
(juantii!'r. }!■ I ’l'iinl, H. 2h>hi. si h \\i • d. 
pjiliiif I'j'iJiii'l many marim' j*liuil i mwl 
uiiimal'i (Kindt a. Wid.b r, 1\ 10, 5o'.); Slitili- 
niev.-r. N. 10, 210; Jh-mbstit-lt, li. J. 7. IIO). 
Act-'or-tiii;.' til Miiioliaml (<’. 31, -lO'i) all 

wutfi;*. iii'-iu'lin,. r.iin iind .•'iinw, cfiiilain tia‘MH 
of brtimi-lfl:i %ari"ns iiiim rals, oiht t'y as 
Aj’lir in M' xico ami (’bill (ibTiJii*-)*,-I. r//. 77, 
417; 70. in mimitt'inmntitif; in S':t'4iaii 
xincon?. (Ildlliimb-r, /!. •/, s, .‘' 2 ); in (3iiii salt- 
iM'lrn |(irunt bi'rg, /i/. tO', ]72j; .Vm, .Vf. 

I'n / >i>nti"n. 'riif d.trlink'-l'dint ia lb-- cnii- 
cciilratf'i liijihir of t:< il;iin inilim* sprinj^s, i)i.; 
ni*iiluul litpi.ir oldaim-l in wiirkiii;,' the <itlt 
depoihl,-' at Sta>.-/url. nr tlo- sii!titi.>n of tbo a'-li 
of fi' a piiints. 'i ll'- ii'j'nd i,-: fr* < <1 tr<'in lii" b- 
Bohibb* salt-;, lOiiftlv clibniba and Biilpliat* 
by com'oiiti.ttinn ami crv^ taili-Mtinn, mija-d with 
AlnO,^ and IKaA'j, aid Tim fpi!intitii.:j 

of lh(* ri-actin;^ mat'-ria!--! urn urran/i-'l i-o ibat 
tbcrf is uiway.-s an nx!'- 'S of bromi'l'', in tad'r 
to pri.vi-nt fi>rm:iti<’n of bromine rbbitidi: 
(i*. Mohr, A. 22, tib). In r-iiine ca-t-.s Dm' {-on- 
cenlratt'd li(| mr is 1- at- I witlj H .kuI- 

phan s UK- (lam removt-d liy f-ryst.-ilimalion, ui^d 
the mother li-pior is di. ti!i*fl with MnO^ ami 
HjSO,A(| {*■. Ifernnann, 1‘. 13,175; W, 0131. 
Tho Jir is condensed in uator and cotiMrl-'l 
into Nadr and NallrO, by treatnu-nl wiih 
tl*" liijuid is e.ajM'rated lo tlrym , 
the rr-.siddi- iicat'd to lb•l•o:tlpo^^• Naltifh, and 
tbc NaI5r is dec'iinpof l by pure MnO; and 
U„»SO,Aij. Iodine may be r* nms'cd hfin the 
Oiittirnd htjnor. la-fore tb conijMi-im’ by MnU^and 
acid, by Dm action of Cl, or bv fipt*. an On Ij 
(l)ijRsy, IS. J. 18, 117; lialur.l,* IS. J. 7. 1(j 2). 
CLlormc may be removed by decomposing Die 


diatUlfttft from the firet acDoit of MnO^ lu^ Mid 
by HaOAq, evaporating to and heatJ^, 

dissolving out BaBr, in alcohol, tlltoring fram 
inseiubic BaClw, evaixirating to dryness, and 
^mmposing by MnOjand H^SO^Atj (Piria. «h 
It*, 277). Atlrian {J. 1870. 24.^^) removes Cl by 
xMi>bing Dm dislilbiU* witli water and small 
sut- 1 . ;-i\e fjiianlities of i-ll.i r; ]m- tln ii digasU 
with ^(!lreIl paste to remoxe 1, and again distUa. 
Slu'-i (I'r. 25, 213) frees from 1 and 0! by dls- 
.<id\iiig in KHiAt|, udtling Znt* and thiililling, 
(‘yaiiopen is tH’easioimlly foiind ni saiiiplea of 
Dr; It may Ik* ilelictiti by eoiiveisiou inhi 
K by tiifestiiig with iron tilings, nml 

nipidly tlllei-iiig (riiipson.C 4V.2H. 51). jtioino* 
form is aimther impurity; it is ilete.-ted by its 
o'iour, after addition of KlAq autlieioiit tocou* 
Vert all the Hr int«i KHr, and nmmval of the I 
by the aition of Na^SXljAtj (Iteyiminn. IS. 8, 
7 '.'*)). HifiJiilne is prepaiA-d from laboratory 
nsidiies eonlaining Hr Coinpmimls by making 
ulkatine v ith K< and liistillation with solid 
K and i-xee.^.s tif ii ,S(),.\fj (2 parts strong 
aei'l t«i 1 part uater by weight) adde<) gnohially 
throiigli a fiinm I tube (Ibilas a. {iiove.-. C. J. 
;2 ‘.I, 7x\). 'Jo prepare jnire Hr for iitomio 
weiglitih-termiiialioM.Stas removed I froiiicoin« 
imreial KHr by di'-.olving in water. a<idiug 
Hi .tfjto [ of the liipiid till tlie 1 wliieii at tlrAt 
.-epaiat' l n’dis.-^olved foriuin,; a i-Iiar orange* 
y* llow 4-olo:n'ed liipiid, adding the other j{ Of 
the !i<|'tid and sbakiiig i'e]>ea(eiily with pure 

. 'Die )i<|iiid was tiien wanned to remove 
ai! <’14,; tin- KHr wa:i oxidised to KHr<*, by the 
aefion of (3 in presence of pare KOMAijffor 
det.til.s r, 8tas, !\'<‘ur. U. l.M); fir pp l.‘-‘.) 1(»0 of 
Ann fi-iij's (Jernian traiiKlalioii I nu r- hchtm^en 
iil-ii ‘in- tii.f/;.- f/t-r vSum. /'ro/»(-r/fo7jr/f, Arc.); 

the KHr<»a wa. pnrilieil by repeate.l eiystalliHtt- 
tion. and a pari of it was eonvi-iied back t( 
KHr b; In i iig in a porcelain vei.:ii I in eniull 
•:nee> i\r- ipj.'ihlitii s. Hy *l< f'oinpo'ing a mix* 
lure of K-tr ami KHrt*, (in the rulio.5KHi :KHrO() 
wiili pun M Hr was obtiiin‘-d. A nor* 

lion of tbi i r was then digesti d with milk of 
lime and .NII ,Aij, whereby CuHr^Aij wiii* obtained; 
tins liipiiil was Kutiiratefl with aiiotliei- pfirtioii 
of tlie purilied Hr; water was adiled to jip. Hr; 
the pj»d. Hr was sep.-dufed, and dig'sted soverftl 
time;! with pure dry (JaHr^ (prepared by th« 
at lion of part of tliu purified Hr on CaD); the 
Hr '.xas .iS-n shakf-n in contaet with pure P,Ojy, 
then allowed to leinain in contaet for 12 liourn 
Witli pure HaO ivliieh had iss'ii sliongly )ma(od« 
and linaliy jyjiired olT and distiliid. All ojiera- 
tiom, were condne*< d in apparalus mado wholly 
(il gla'ift. 

yVo/iej/m.'!. — At ordinary teiiijipralureR a 
dark brown red volatile li(pjid with iin»«t Irri¬ 
tating miour /! :eiich); in thick layers 

alnio.st black ; vapour is yelbiwish red, and 
ln-cojiies h':-;s transpareui. as t^-iiirs rature is 
increased (i:. Andrews, IS. A. 1M71. (Sec.) 00); 
solidihcs to a grcy*brown crystalline rn.'iKii with 
Heini nictallic lustre. Very poiKomius. Vapour 
nets on mucous rnoinbranc and cau^^eK violeot 
irritation. Non-conductor of ci*-etridty; but 
an a'picou.s solution of Hr i» a belt* r conductor 
tlian pure water (such a aoluDon contains some 
HHr) fHalaid, .4. Cli.\2] 32, 871; Do URWo, 
li. J. 8, M; .Solly, A. 20. 121). Distolvci 




ptfU w 1^ weight is liOOO parte E|0 have 
following S.G. (Sleeeor, iT. 1868.100) :— 

X. ao. X. ao. X. ao. 

10*7 1-009 12’3 1-0122 20-9 1-018, 

11- 7 1*0093 18-7 1-0140 81-31-7 10236 

12- 0 1-0099 19-5 10158 

Solution in water if! alti.‘n(ic<l with production of 
heat [llrSAq] = 1080 (V7i.2,25); solution is i^io 
orangc-yoUow. Dissolves more readily in alco* 
hoi, and in all proportions in ether, CS.^, and 
CIICl,; solution is accompanied by chemical 
chaiu^o; soluble abo iti cone, lupicoua solutions 
of KHr and many other metallic bromides, fre« 
qucntly with fonuation of perbromides; also in 
cono. llCIAq and IIUrA<i, and in iiipiid .SO^ 
.(Bestini, 'A. jHiis. 71 h). Hr is absorlaul by wood 
charcoal with considerable rise of teniperatuie 
(MelKcns, C. 77, 7rtl). Iji presence of li/), 
acU as a bleacher and disinfectant. 

The fttoiuio wcieli* of itr lias bt;cn determined 
(1) by analyses, ami determinations of V. I)., of 
nmnygaseous eornpouml.',/v;. I?rll, llrXd, Dr,15, 
Dr,Bn, dre.; (2) by determimilimi of S. IJ. of 
flulid Dr; (3) by comparison of bromides Ac. 
with iHomotphous elilorides and Iodides cVc. ; 
(4) by syntbeses of A}<Dr by Marif^mur {!>. J. 
21,193); by synllieses of A-'llr by Stas (A'oan. 
/i. 168, J71); by rednefion of A-dliO^ by Stas 
(ATottU. i:. 199); by I’oiiversion of KBr l<i A;'l{r 
by Btas \Lt\ 31)3); by conversion of A(,;l5r to 
AgCl by Dtinias (/I. ^ 7(. f3) 55, l(»2). In ('iiseoiis 
moiocules euntainiii)^ J)r the atom of Dr is 
monovalent. |ir acts as a Rtronf;ly ne^^-ativo 
noM'inetallie idi'ment; it combines directly with 
n^>st metals foiniin^' salts; ita componnd.H will) 
hon<nn'(alH one of wbieli is 11 aro aeids. The 
tuhstitiition of Ji by Dr in eurbon acids seein-i to 
increase the relative aninily of tlie acids 
(r. AmNirv, p. Hit); j-enerally sinsilann, the 
introduclioii (>f Dr in piaec of IL in^<-ail>nti 
ctmipounds is aei-onipanied by the ilroduction of 
more or less a<-elie propel ties. 

In its cbemieiil relations Dr stands between 
Cl and 1; tholieatof formation, in solution. (>f 
A metnllic bromide is usually iihout v ll.Oon 
^ gram-units Ie.s.s than tlnit of llie ehloride, and 
al>Out n 2t>,09() K'mm-uiiil.s mi.>re tlian that of 
the iodide, of the same metal, wiuie n is n 
whole numher, usually 1, 2, 3, or 1; metallic 
bromides are wholly or partly di t'omposed by 
Cl, and metallic iodides by Dr; inetalliifblorides 
nro partially decomposed by Dr (n. lUuiciionti^ 
No. 121. The relative atlinitiea of tbo acids 


Iq’ of &oBotigj SI «jlnjne,,i(, 5.” 

tamperatuTM (appwjinwiel, 
mo ) the S.a._fa less than fte oalculale 
Meyer a. ZiibUn (B. 13,405) obtained values lyiiig 
between those calculated from the formulw Br 
and f Ur,; when the Br was obtained by deooiu-’ 
posing IHBr, at high tcjnperalures the S.G. at 
1570® nearly agreed with that calculated for 
(3*00). The S.G. of Br vapour diluted 
with 10 volumes air, at 50® under the B.l', of Br, 
was determined by Danger a. Meyer to be 5-62* 
(/?. 15, 2769). Jaliri’s determinations (R 15, 
1238) show that bromine does not attain the 
B.G. calculated for Br.^ until it is healed about 
I D'O” above its B.P.; the deviations are small; 
the S.G. at jiiiy temperature up to about 220® 
may bo a]*pio\imattdy found by Die formula 
S.(l.-»« + 6f, where rt-.5-8691 and 6»--OOloa. 

, (I'orS.thof Cl and I ;'asca v. these elements; 
t'. also Haia'OMN Kmcjiknis.) 

Untcti'/ns. -1. Dr dissolves in ■n'atir with 
production of Imat [Br*, Aq) = lOK) {77i. [2] 25); 
ihe water is sloivly deconij)osod, more <piickly 
in direct sunliglit, with formation of llDr and 0. 

; Droinino water, therefore, acts as an oxidiser; 

r.tj. UNO Aq is oxiilised to lJNO,.\q (Sebonhein, 

I J. !>r. 37, Ml). Mn(G,iiA);Aq to MnO, 

. {Kamineror, />. I, 21H); smjar, miumite, 
j benzene, Aur., Ac., fn various o.\i«li.sed derivatives 
(DIonj.straiiil, A. 123, 2-18). If NO is led into Dr 
coolefl bi-!()\v 0' the gas is ahsorhed, and on 
adding water IlDr and higher oxides of N are 
formed (Landolt, .1. 116, 177).—2. Slnnii mixed 
with Dr and passed tlirouj.li a red liot tube 
yields Illir and 0.-3. j'owxide 

evolvf'S O, and llDr is formed (Schonbein, A. 
D)8, 169).—1. AqneoiH soliilion.s of juftn.-ih or 
.vefffj an- flceompoKefl by Dr foiniing KDrAq (or 
f'uDi A(|) and KDrO.Aq (or NalliO,Aq); CaO and 
J<a0^fiu in hroinides aiidO. • 5. Aqueous nnimonm 
yield.^ MijDrAq and N. - 6. i'lni is flei'onijioscd 
by DrA«| with evolution of N.- 7. Jli/dnodic 
acid and inilidi's in solutions are di c'omposed by 
Dr with fonuation of llDrAij, or .MDiAq, and 
i.- 8. Aulphurcded hijdnujen yieMs UDr, and S 
which partly combines to formS^Dr.^; this 
decomposition proceeds eitluT in jiresenco or 
absence of water (Naumann, Ji. 9, 1571). —9. In 
contact with excess of silver nitrafv 
AgDr and llDrOAq are proilnct‘d (Spillor, 
ls5th 67).—10. Witli carbon di: ulpliidc, crystal* 
Htn^ CjB.ljrj is fonneil (Ilell a. I'roeh, Ji. 1.5,987). 
11. Carbon coinj>i’U)uls are usually acted ou by 


llCi, llDr, and ill in aqueous solution aro, 
howevt'r, nearly the s.jno (f. Akkinity, p. 77). 
In iU cotupimnds, Dr np})oaA to bo. po.sitive to 
Cl, y, and i). N4) f)xidt‘ of Dr is at prcsiuU 

known; the oxyaeids of Dr exist only in pr«‘- 
K'nce of water; llu'V arf much less shilde than 
tho oxyaeids of iodine: one of the oxyaeids of 
Cl (licit),) Ini.s Ihh'U obtained in separate and 
definite forms, although it is an extremely iin- , 
stable compound; oxides of Cl are known us i 
gasos, ami an oxide of 1 (I<0^) exists a.s a solid 
body. No oxide or oxyacid of F is known (r. 
Dhomiurb, IIai.ookn Ei.fmkntb. and 
ElXKSNTH. niS.AKY COMl-orXOS ok). 

The S.fi. of Dr gas at 99 was found by 
Mitsohcrlich to be 6*54 (air^vl) and by Meyer 
A, ZUbliB to bo 6’38 at 100®: the 8.G., oalcu* 


Dr; sonu'times 11 is withdrawn, sometimes this 
is accompanied by substitu(j<ui of Dr, and sotno* 
times more complete doermiposition results.— 
12. Dr partlydi'composes virt.iHu' chloridr.'i when 
heated in eqiii'ftilent quantities to 270 300® ; If 
t'.ic ma.xH of Drris increased, tlie amount of 
decompo.riti<.>n increa.ses up to a limit which is 
not pa.Jsed hy increasing the mass of Dr, the 
tempcratur<‘, or the time of action (Dotilitzin, B. 
14, 10-M; 15, 918; 16, 3n.’l). According to 
Jlumpidge (B. 17, 1838) .AgCl is partly decom* 
{yxst'd by contact with water and an equivalent 
quantity of Dr; tints 6*2 p. c. Cl was removed 
from AgC! afl(>r 24 hours' action at 11®, and 
14 63 p. c. after 12 hours’ action ut 41°. 

CombiiHilims. —1. 'With uatcrsiX 4® forming 
red octahedral crystals of Br.lOH^O which ant 



4«ai*p&l to »r ta< 4,0 >t> u* 4 
.U» 114;^ 10^ 87$)., For dlsaooUtUdn4r«sioref 
BooMbootn (iZ. T, 0. 4, 65}>>3. Oombine^ 
diroetlj with most of the dementi, especially 
the m«fa2j, often with production of much heat 
and Bometinu'S light (i>. Bkomikks). Docs not 
combine directly with C or (). According to 
Merz a. Width (/h 0, lols) tlry Br an<i Na 
do oot cotnbine even at Coinhines with 

liquid Cl at > '.‘o' (Dnmv a. Man ska, C. li. VO, 
817). No oxi'i*' of Br is at jireseiit known. 

Af/ec.'wn.-Tlie physieiii i>roj)erti<\s of Hr 
enable this holy to he las.ly detected when 
iinoombiiud. llnouides are decomposed by 
OlAq, giviii;' Br anil chloritlo of the inet.a!. 
Solution of N i>, in c m-*. n st),A'i tl<)< s not 
decompose IjMitii !e;, but do'“> dvconipose iodides 
with pnuluetion of 1; on this I'-.a.-tion is ba^el 
a method for d- li -iiug bromide,^ in presem'O of 
ioilidcs. Solid l.iiiimdes are ilccomposed by 
beating willi K Cr^O, and ctriic. ll.SO^Aq, witli 
formation of Br ; cliloriib s yield CiOCL. 

Free Br may bo estimated 
volumetrieally by nwasurin;' the I set free by 
it from KIA }. or by lindiii;' the mass of 
which it oxidi < > to As (). in a?» ulk.i'iiic mi- 
lution; Br may .abi> bi* e.unbin.-d with II to 
form lIBrA'j. by In Mlni. nt with 11.S, or SO., in 
S'diitious ; the Miir ina.v then be i ti* ' 
nialel by pp'. with .\;,'No,Aij. Brin bniiiiobs 
is nsnally esl.'m»ted us Apl'r. ppn. lu be; ac- 
COinpli-died by ad lititm of A ’NO Aq; iit-obibb} 
bromid' S may !••• fused witli Nadd),, «lt'^ ;idv<‘d. 

and acidalal' 1 -vitli llN<d,\'j. Inprc.st.oof 

clilorides, or i-'l.di s, Br in l»rf>mid*'s mu't In* 
determined by i/: /.r.r.' jneihuds (i?. Manuals of 
Analysis). 

Bromine. Chloride of. Br(U. Mol, w. un¬ 
known. (’iiloriiie is ab;orlte<l by Br with 
formation of u r--1 v' llow, moljib', very volatile, 
liquid, wiiieii gives oil a <l;iilc yellow, -ery 
irritating, \.u>'>iir with strong bleiic'd'g pro¬ 
perties; many nir tals burn in this vapour to 
chloriilo and brojiiide (Balard, A. I’lt. 'V. 
82, d7I). H liie Br iseoole.l to 0 ' tin- liquid 
finally contains Br and (’I in the proj)fjriioii 
IJrCI ; at oi-ilinary temperatures less Cl tbari is 
required by llm eomposititui Br(/1 is ub orbed 
(Born uuatm, A. HU, iH.'l). At t-inp<Tatures 

above 1 In’ llio eornimund BrCl <lee..inj«>-es 
with evolution of Cl. By adding a iitile II.O 
to Brf'l, and cooling to 0^, yidlow-brown crystals 
of Bid.lOII.O separate (Bornemiiim, Ic.)'. tin-e 
melt at 7’’. and are decompose-i by .MI,(oN, 
NH4Br, and S chloride fLowi,'./>/. linnn uni 
stilus c/mau'sf /.eu I'< r/ci/fu/.s .e ; lleidi lb. rg, 
182U, p. bl). An aqtieous solution of BrCi, 
obtained by dls,solving,BP in ('lAq, is decom¬ 
posed l»y alkalis gAin;* alkali •bro?nate atnl 
chloride; in sunlight flBrO^A pand JIClAq ari^ 
formed; reducing agents, e.'j. SO^Aq* Z.u 
powder, Fe fuiugs, P, NO, .vu., withdraw Cl, ami 
tel Br free (Sclioubcin, J.pi. K-H, 4S;b. 

Bromine, Cyanide of: better called Cyanogen 
Bromide, obtained by action of iiron Ilgt’CN/j,: 
KCX, or IlCN; v. Cyash: a-'h-s, vol. ii. p. UBI. j 

Bromine, Hydrate of, Br.lOH/). libtaincd 

cooling a saturated fiolution of Br in 
n* Brominr ; Ci'mbituttionsi. So. 1. i 

Bromine. Iodide of: better called Bromide of I 
lodiae; o. 1 um.vk. | 


Oi^yMUi Ko oxidft «l Br it 
known. Tbe toide UBrO And IfOrO, Mbit In 
aqueone eolntions only; both eolutio4i m« 
deceiRposod on heating, IfBrOAq oven At S0\ 
fVrbromio acid, UBrO,, wassaiJ by Kiimmercr 
to 1 m- proilnced by tho action of Br gas on 
lU-bO^Aq (J.pr. IHl, 1IH>); Imi later experimontfl 
have ^ho^vn that this ueid has not yet been 
olifciined |V. Pattison Muir, J. ,‘Ub 4rt8j 

Maelvor, C. .Y. UiJ, :t“); Wolfram, .1 lUH, 95)» 

, BrA.| is not irxidised by such reagerils a« 
K Mn tt.Aq. IvX’rl) Aq, HN’O,.' or lUdDAq; 
bat tie- actual of lICiO.Aq ^r lll*!(h.\q j)r<>- 
duee^ llBrt),.Vq. 1‘ilute solutions of llBrOand 
are also formed by ideetndysing lIBrAq, 
Mi.rAj, or Bi Aq ; ab u by the action of metaHio 
(►\'d< ~ lui ItrAq. N.j salts of IlltrO arc known 
c.xeept in aipieous solutions; s.ili’ of llBrO, 
e\i>t as solids, they are all (-asily deeoinposi-il 
by 111 at with l•volulion of 0, and froqui-ntly 
al 'o of Br. 'j'lieaddition of 0 to KBiAq would be 
attend' d by disappi arancr'of mueh heat; Tbotn 
sen gi^e.^ tliese iumil‘er'; • KBrAq, O’: Ifi.lKlO; 

also Bi-’.O.Aq; = - 'J'hi-following data 

show that the heat of formation of tho oxy* 
acids of Br is ie. s titan that of lIBr, audit 
also less tho moro 0 the acid i-onlaiiis: - 
{H.Br.A.j; lH.Br,(>.Aq' 2ti,080; 

(H,Br.(» ..Aq IV.IVO (77r. 2. -BKI). Tlieso data 
are a!iab':;"us with tho'^e for tho corre ponding 
compouiicls of 01. but diifer from the data for 
th" similar compouudti of I (f. lUnonK.v Klb* 
MI N is). 

I. llM‘iitii;i-MO|'« Ai'lt), ASIr llvi'oimoMirKB. 

lIBrOAq aiul MBrOAq. da.s Jaissac ol.it.niaed a 
gas by llio aetioii of Bron dr.i and supposed 
it to bu an oxide of Br; Ib loii/c, and more 
reel ntly B,nicer ((’. J. If), 477), proved that 
only i> jrt tlius ]>roiluce<l. An aqiu ous solution 
of UBrt) i; olilained by tin- acilon of BrAq on 
the oxid", oy nitrat*-, of H>-'. or A;t; ll)/.0 and 
PbO do not o.xiilise BrAq (Spi)ler, f N. t», 219). 

/•'oram'/(Ui. By tin- action of BrAq on HgO 
- fi pi aliin: K'-v-ril times Ug.oBr , HBrOAq. 
uml MgBrOAq. arc foum d ; by di-lilling in 
Viu uo, u liquid Containing t'eV pr. Br a.s IlBrb) 
is olituined, but it oannol be quite freed from 
(Baiard. A. Ch. :t2. .'bt?). 

yVc/Kir.i/uoi. J’lire BrAq is sh-iken with 
oxcfr’-s of A;‘N't>,Aq until llm colour and odour 
of Br have gone; the straw colouied liquid it 
then at otice distilled in ranur, at M mm. 
prei-suro it boils at Tlio di; lillalo gel* 

richer in IIBio until p.c. Br is pmaont 
as HBrO (ihen it gels p-mrer in the aeid); about 
•lb', p.c. of the Br u ed is 1 to llBi'f). 

mil li'nii'ti'ni-. S-dut-ion with 

(V2 p.c. Br as IIBH) ... . . at htl 'giving 

Br and UBrft.Aq; Koluiiou with •7dl) Itr an 
UB (> d' compo.ses, intoi> um- products, at 60®. 
llBrOAq is a slrungty b.i [iching ii<piid ; it {• 
dei-onipose'l by Agd) (au-l slowly by contact 
with .\gNU.Aq) With (onnalion of 0 and AgBr, 
by H/BAq with evolution of O; and by llClAq* 
IIBr.Aq, and JllAq, with formation of Br 
(St’hbuhein, J. pr. HH, 47f)). 

No hypobromitea liavc been obt.ained except 
in dilute lyjocou!) aolutiouH. By the oeiioQ 
of alkalis, alkali carbonutea, or phoiiphatci 
(britzsche, A. 40, 2.71), on BrAq, ycHovr, 
ttiougly bleaching, liquida are produced; thoM 



m mmsi: 


U^nldi ar» yvrj unmoie, deMmposiag io 
air, aoiokly at 30®. They decompcwe urea 
wth evolution ot N; -CON.Ji, + 8HBrOAqa 
CO, + N, + .8HBrAq + 2H..OAq (K. Knop, C,C. 
IB70. 1:52). Mjihtrd {A. Ch. 82. 387; J.irr. f, 
I0i>) rlcscril««l lio'lrc's r#; .cnihlini^ bli'iicliin;? 
POW<Ut, ol»tnini'»i liy tlio urtiou of J^rAq on 
CttOJI.^an'l IbiOjJ.; by tlus u<l<Iition of water 
and tiltration, bli-adunf,^ Bohitions were ffro- 
duced, vr-ry uristaljle, ujid easily decomposed, 
even by CO... 

II. liu'tMic Acin ANT> Biiom.\ti:s. IIl’rO.Aq 
and MBfO.,. Brolirn; acid, IIBi'O;,, is known only 
in a<|Urotis solution. 

Fvrmutlon. I. lly elcclrol)rfis of lIIlrAq 
(Ili<dn!, <!. /i. '1(5, .‘JlH), ]5y action of Jie.at 

on hy[)olironiilc!i in solution. 

l‘r('i»trntii>i!. I’.allrOj is prcp.ired by nddlrij' 
Br littio by little to corn?. r>a0.1I.A<| until the 
liquid is Klif.btly reii, when lbii)rO, pps. and 
Bal5r.. riuiiain;; in suintion. 'I'iio OallrOa iserys* 
tullised fi'oni hot watiT, (li'ieil, and ^;r«>iind to 
lino powder; lOd parts are dieesled for Home 
time in tlie cold m* at a very |.;ei)tlti heat, with 
21 parts com?. 11.SO, mixed with 210 parts 
11,0 ; <?xce.^.s of II,SO, is removed from tho 
liquid by f'>'inlnal addition of BaO,ll.,Aq; the 
acid liquid is evaporated in vaciio (Itannnels- 
berK, A. 40, 117). Kiiinin(?rer pusses CM) 
into Mr under JiX) until the (?olour of 
the Mr has disappeared; 5CI,0 f Mr.Aq r If ,0 
-^2llMvO,Aq I KK'IAq (./.pr. Hr», MVi).' 

Proju'ftii's nnd - llMrO,Aq maybe 

concentrated in r<n /<o until tho liquid contains 
fiO‘r>U p.(?. IIl«rO,; the (?ompositinti then nearly 
aitrees with the formula IIMi(),.7IIX). When 
noneontrated hy Ijeatinj;; in an iquuj vessel ile- 
compositiiiii lu-eins wlnui the liquid contains 
'1*27 p.e. MMrO,, with pr«»iluctinn of Mr, O, ami 
11,0. llMrO.,.\q is a colourless, acid liquid, 
with a bvoiuiiie-like smell. Oxi4is:il4e bodies 
de(?i>mpo:;r IIMrOjAq witl> sepiiralion of Mr; (•.>]. 
fiSO. j 2llMH>,Aq [ -Ifl.O .'.11 SO,A.| t Mr A.]; 
f)U,H t 2IIMi().,.\q .(5||.;OAq f AS f Mr.,.\q. heU 
ini) ipiiekly decompose:! UMrO.,Aii* formin^t 
HIOj (Kiimmerer, ./. pe. HA, -I.V.*); Cl, dilute 
n,H(>,A(], and dilute HNO.,\q, are without 
Jietiim. lIMrAq decompose.s MMr(),Aq, formin;' 
11^0 ami Mr; and 1I1A(J fuijii H.O and 

ItrCl or IMr. The heat of neulriilisatiou of 
IJMrO.Aq is the same as the mean value for the 
slroniter monoba.si,? uci.ls; [fIMrO'.Vt[,*NaOnA(i] 
‘ 13,THO (77f. 1,2-l<t). Mromic acid is monohusic 
and forms one 8<‘ries of brUs, tho bromates, 
M'MrO, and M‘'2Mr^),: tln'se salts are formed 
by the action of llMrO^Vij on tho oxiile.s, 
hydroxides, or earhonates, of the metals; tho 
u'kuli and alkaline earth salts are also formi’d, 
always witli bromides, by the ai’tlon of Mr on 
a<iucou.s solutions of jfio alkali or alkaline earth 
hydroxides. (I'or spei ial melhoil.s l\ individual 
salts; also Kiimnn.ucr, «/. /;r. H.A, •1A2.) 'J’ho 
brouuiti's crystallise well; they are all soluble 
in water; the least soluble arc AeMiO., and 
llttMiO,. They are decomposetl by heat ; 
soinotiuu'S O is evolved ntid metallic bromide 
ivinains. I’.t/. bronuites of nlkiuls, 11 k. nnd Ak; 
eomolimos Mr atiil 0 are evolved, nnd oxiifo 
nuitains, c.y. broinatos of SI}t, Al, '/ax ; or a mixture 
of oxide and bromide remains, r.p. bronuites of 
Pb, Cu, Ac. Mitute llN0,.Aq, H^^SOfAq, or 


H,P0^q, deoompoMS brom^tei giving HBrOtAa 
moat of which decomposea to Br, 0, nod H»0. 
Solutions of bromates react similarly to solntim 
of HBrO, towards SO,, H,S, HCIAq, HBrAq. 
nnd HI.Aq. The bromates have bijen chiefly 
iiivestiKated by IlnmnudsberK {A. 40 147* p 
00, 10); Lowij;{Zi. J. 12,120); and Marignao 
{(!. It. 4.U, OoO; J. l.So7. 127). Tho following 
, arc the bettor-studied salts. 

Jlariuin hronuite Ma(MrO,).,.irO. Pris- 
I rnati<?, luonoclinic, crystals; isomorphous with 
Ma(Clt),).. (Marignac a. IlammelsherK); 8. (lOO-') 
4-2; (ir,"-18'^)-77. Prepared by decornposinK 
KMrO.Aq by MnfCJI/),) ,A(|. 

Ciuliiiii/m brvmate Cd(Br0,).^.H.,O. Co¬ 
lumnar ti'imelric crystals; prepared by 
CdS(),Aq t MaMi(),Aq. S. (15®-lH-) J2.5. On 
heating, loavch CdO and CdMr, (Mammelsberg). 

! (’alrium bromatn Ca(Mr()s).„H./). Mono- 

clinic plates (Marignacj ; pr(qmrt?d by 
CaO..H,.\<i + HMrOjAip S. (15'''18°) 09. 

Ih'Utod to 180° loses H.X), at higher tempera¬ 
ture gives 0 and CaCI. tUammelsherg). 

! Cobalt bromabx Co(MrOa);..01I.l). Trans¬ 

parent, hyacinth-coloured, nionometrlc ocla- 
:hedra; jiri-pan-d by IlMrO^Aq + CoCOj, or 
i .Ma(Mr(),),,A(] + CoS(),A(|. S. (1;>°..18-^) 45-5. 

: ilcafrd, gives Co(l (MummelslKUg). 
i C'o/v'cr bioma/i' Cn(Mr(\).-'*ir/.>. lilue- 

grt'cn crystal.s, elllori'seing over If .SO, mrucao; 

: very soluble; lose Ji_.0 completely, and a 
1 little Br also at 200°. Prc‘]»arod similarly to 
CotMrO,),. 

Lead broniate Pb(MrO.,1^.110. S'iiall, 

• lustrous, monoclinic prisms; isomorphcii.s with 
Sr(MrO,,),.II.,0(.Uamniclsljerg). S. (1A° 18") 1*3.3. 

‘ Pr«'pan.d by HMrO.,Aq -b Pl>CO„ or cone. 
Pli((j,Jl,0._.V^A(i-f KMrO.Aq. Heati-J over 180“'* 
gives Mr, PbtM, and PbMr.„ at higher tempera¬ 
tures givi'.s PbjO^, Mr, and PbMiv 

Klaijih-sium bromatc .Mg(Mr0.d,.CII/). 

Large, etllorc'sfent, mononutrii? oetahedra; S. 
(MV'-ls ) 71'.A ; loses all II./.) above 200°. Pre¬ 
pared by MgO i ilMrOjAq, or 

MgSil*',,Aq + KMrO^Aq. 

Mnrury />»vji/u/r.s Ilg/MrO.,)._., and 
Hg{Hrl)_,).,.2!l,(). Mercurous bromatc is pre- 
pansl by Ilg.fNO,)Aij + Kl)r{>.,.\q or 
ill.)r(),.A(j t lIg.O; mereuric bromatc by 
, lIMrOs-Aq i freslily ppil. Ifgt). Moth form 
.small white crystals; the nicrcuroua salt fornis 
ye'low basic Hg/MrO/^.lfg.p by the action 
‘ of lIjO; when heated it tlecomposes with de¬ 
tonation (Uammelsberg). The mercuric salt 
! dccuinposes at i.30'’'-110'’, with slight explosion, 
to HgO. HgMr,., and Ilg.Mr,. 8. (10°-18n *17, 

;(ioo°)j*(;. 

i Kichel bpsnnate Ni tT.i- 03 ).„r)H.jO. Prepared 
Pas, is isomorq^ious with, and generally re- 
■ 8cm)|les, the Co salt (q. i’.). 8. (i5°-lB°) 28. 

i (llainnu?lsh('rg; t’. also Marbach, P. 94, 412). 

) Potaasium hromate KBrO,. Prepared by 
' adding Mr, or BrCI, to cone. KOIlAq; or by 
; addingBr to K^COjAq which has been previoosly 
‘ saturated with Cl. Khombohedra (Itanmicli- 
' berg; Marignac, J. 1H.')9. 139 ; i*. also for cryv- 
talline forms, Liiwig, B. J. 12,120 ; Fritzschc, A» 
40, 2.'>1; Marbaeh, P. 94, 412), S.O. 3*271 
(Kreniers, P. t)9, 413). S. (0°) 3*1. (20°) 6*9, 
(40 ) 13 2, (100°) 50 (Krcmere, A 97.1). Insoi. 
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la AleolM^ B. P. ot saturated KBrOJU]«104^ 
EBrOtt when hoatedi nielta at then b^ins 
to deconipoae, at first slowly, then rapidly and 
explosively, with evolution ot 0 ami a little 
Br. According toFritzsehe (A. 40.251), crystals 
of KBrO, prepared from ex.ii tly neutral solu¬ 
tions, or from solutiiu^^ cottj.uniiij,' a little 
acetic acid, d< cr< pit.tfe 1 1 fi'n- ih-eL-mjx'sinjr. anil 
lose 1'.‘) I'.e. of llair iiia'^?- (. liirlly wati ii; if 
the resulting pow-h-r ia placed in warm waU r. . 
0 is evolved at the surfaces of the iiiidi-'^t'i\ed 
particles, hut most of iii>' O is a ’aiu ahsorhed hy 
the liijutd; on evaporation, j»uic KHiO, cry-. 
tallises out. Frit/.-clu-^!lJl]lOs« s tinil KMitt, is 
portly <hci»)Mposi (t liy h» !il to hv iiohroiuit'' and 
perhromntc. that tlie lalfir acts on wat-r, 
evolving D and furmiii;' KIh(>,Ai], and tlial the 
0 is ahsorlicd hy thi- KlirDAii witli formation 
of KlJrt>,.\ij. Jvl’rO, is d'c( J!ipo -« d hy 

with I voliitioii of (> and l>r (l.owi;'); 
hy ll.N(),A(|, with j i'i duction of IvNOjA.j, Hr, 
and 0 tlV'iiiiy, J. o7,2iuii. KltrO,Aq d* compi'scs 
H/S, stparatiiio S. luid fomii/ig JlHrAq, and 
lI_.S(),Aij. Ilrafid vvitli ci'uohii.stihh- bodies, 
KJirOj evolves 0 iaj*id!y and t xpiosively. ! 

Silicr brftnnti- .X;’I'inatrii- prij-ms 
(Marignae). I’n pai'* d by Ai.Ntt,Ai| * Jn:r(> Aq 
or KI>jO,Aq. /Hid civ.-lni!ising f/om hot w;iiir. 
Stahlcin air fri i-from organic mutter. Decom¬ 
pose j on hi at jjp. 

Sc<ii/')ii Xal'rn,. I'repared ns 

KItr(.),. At 4 ' crv.'-talh <s vvitli ,/Jl () foritiit.,; 
eJlh'ii ' I lit nei dll s 1 1.-iwi;.’) ; ahove 4 ' the 
aMhyiiroiis salt separ/ilis. isonioriihous with 
KltrO, ;;ce.!id:ng to I.owjo ,/. jo, IPUl. 

,S.fh h ;; ,S. (d ) t.'S, ('.'(h ) ;tS a. (iWi'j 

tUKl'! pu (Kieiiiers, P7, 11. D. p. of satin aii d 
N.iHrD.Aq lOD’h D« <•< mi'ores when In /ili d as 
KHrth, p/. I'A. 

.S.'/. .'H/i h: Sril’.rO^V.ll/). Mono. 

elinic pirJiH. Is junorphou-. with the 
tllaiiiinel. 1 1 rg). S. (l'> !>' ) i.o:- s Jld) ^ 

at JL'tr". I'n paled by lllii(>j-\i}. 

//»;<' /vi//.-;/<! Znj}'.r(>d ••dl-.O. Mniin. 

nnliie ofliihedrrt. i omorplnuiS with the M/j 
Balt; jui pared ns ('n(l;r<ta),.*>Hd). M' lts /ii 
lOn '; loses t'dJd.t at ‘.hH) with p/irti/il df-dru- 
positioti to ZtiO, l!r, jitid O. ^16 - In ; ioo. 
Soluble in Nl!,A'j (Ihiniinelsber,"). 

1/e-idis file forihr'in;aleH of Ce, Tii. 
ami I>i <d tin* fnitn MiilrO.) .I'dl t) liuve hi < n 
pri-l'iin d (Jhminii Isl erp. Maii/.nac, lleriiuaiin 
J. P‘-, I'ToTiiutes of Al. Cr, I'e. mid 

V; of I’d. arnl I’t ; of l>i; arid of Sn. i"m to 
exist. They have, how»v/r, eillnr not hi i n j 
ohlftinrd in dilinile foim, or have hieii vny 
slightly e>;imin< d. ^ • 

Bromine, Sulphii^t of: het^r railed Sul¬ 
phur Bromide (r. Si r.i-in Ji). M. M. P. M. , 

BKOUINE, A' TION ON otlOANIC BODIES 

V. B|(OMO-«:i Aii-oiNoy. * 

BK0M0-. I'sc oj //iw/-rry/x «/-; WcA lo trtor- 
ganic coiu}>our.tl.s: for brf n'.o cnKj-owuh and 
orofuo-salts r. the elemtnl the hromo-cein- 
pound of which is rouplit for, or the faits to the 
names of which i*rtwo- is prefix* d. 'Jims 
bronwchlof ldt'. of carbon will be four, 1 under 
Cabbom; bromo-chromata of potassium under 
CUBOKATSa. 

BE01fO-AC£irAPHTfi£H£v.AcENArBTUKKR. 


BBoWKiCEmBTalunni 9. Aobmaips- 

nrruuiB. 

BBOXO-ACSTAB r. Bromo-acxtic AUiBnv&B. 
•BROXO-ACBTAHIBS v. IiHnUti-ACKTio AC 19 . 
v-Bromo-acetamlde 0 . v4rr/o-/n(>mc>-nMi(f<% p.d» 
BROXO-ACETAMIOO- r. Du.>mo amido-. 
BROMO-ACETANIIIBE V. Iha Mo ANruxr. 
BROMO-ACETIC ACID 0 U. 

OiJ.nr.CO,ir. 1 L»(IS-). 

ji'rw.jfh-u.—1. By br«'niiiiath*u of aceliu 
acid (I’crliin a. Duppa, .1. 1 i>n. lOfi; Ih U a, 
Miihlli/niser, /• 11. I'll ; IL'. 7 ’•I. 'J. By Inut- 
in-M'lhyl acetate vvitli le.aini.c at l.**0 '(Crafts, 
A. 12lt. otl}. -.■>. rnuii plvcollic acid and JlBr 
(Ki kiilc,-4. IdU. 11).- I. By utnii '-plicriir oxidft- 
tiiiii of an alcoholic rolution of bioiiu* etliylonO' 

(tiloi hnir, .1. Suj'il. 7. 1(171. 5. By the action 
<d b/ojiiinc on dry glua rin (Barl)i. .1. 121. 311). 
ih J r.'iii cliloro aietic acid and JlBr (I’cmole, 
!■'. P. ."nili. 7. hhonj ethylene biomide HUd 
fuming I^.N<^ ( Kuchit r. M. 2, 

J‘ii}-ir.ii:ri}. — ]W, piaci;il acetic arid, ami 
some ('S_ Jill' boil* il uillj iuvertixl eondi user; the 
jield is ne/uiy ilieoi. ficiil (.MioInn I. Ain. !>. 2(l2). 

. Dehqne- cent rliombohedrii; V. 
sol. water. Blisli rs llie shiu. 

/.‘e,;.1. Mealed vvitli .'‘far it yield? 
Zn(t i,\c.i, and 7iiJ>i\. 2. Ml , forniH glyeocojl. 
3. (•■H iuiti' forms givcolliile, In'nxoie 

a< id and Aehr. 1. Silrrr I'OUii'i r i\l 13|)'‘forms 
!o,i<Miiu« iieot. 5. /hn.-i/l .sM//i/jo/e (C-.Il.i_.H 
forms lu'U.yvi brnmidi' ami S(('H ,.(JO M); (In'tta, 
7V. K. •il2l. Allvl etiljihlde acts Kiniilarly. - 
(■*, Briiiiio nil tic acid and its ethyl call unite 
iliii< lty will) Me ,S jiiid its hoiii 'lopinn.. forming 
liYiiiiibromi'b s of ‘ theti lies ’ (fnini Brown a. 
i’etl,-, Jl. 7, fitC*}. 

Balts. I he Nil,, K, ihi. ami Ca salts aro 
V. Sol. vv/iter. I’bA' : luminie. si. sol. cold 
water. Ap\': eryslallim*; evpiodis at yU'h- 
l.’r 0 ^«lA'-^l(.'larhe a, Owen:., h'. 11. .1.^). 
'.’i/.-thr/7 Hhcr MeA'. (Ml ) (1*. a. D.). 
Kthil c(h>r Kt.V. (I.V.i'). Converted by 

N/i into .. oi lie . iher (r. p. 2). 

rA/ re./, 7 ,//,.»• ('I1/’I.('H,.A'. (211). 
tS.O. L!J 1-ho. h’rom I'hloriM lhyl chlorn aiartah). 
ami Br (Henry, C. Ji. '.(7, 130H). DieompoKed 
by li»;iti/ig with vv/ihr into glycol cblorJiydrin 
and bromo-ucetii: acid. 

Jimino-cdiyl d her 

(•M .CHBr.O.CO.ClI lir. (13.'.'') at 370 rum. S.O. 

J ‘u:2s •I'rom ♦•H,.CM(tI.O.\c (t*. p. 10.5) and 
r.r ut. I0(h'(Ki';el. /.• II), 1333; II, J3I0). Oil. 
Boilingalcolti lie KoJl fornm bromo ai:< tic ether,. 
KlBr, arela), and crolonic abb hvde. 

!>i-lromo <thyl ether 
r ll,lir ,().c<).<'ll,v.r. A non volatile oil, «b- 
t/iiiied by heatiiig tin: pn.ei 'img (i mol.) with 
Br (1 mol.) at J2()'. 

2 Vi - hr'injii.rthp B ' thrr 
C;Il^Brj.O.(.'().CII.Br. Am il fonmd by heating 
hr<inio-i thv I bromO HC* !i .0 (1 imd.) with Br 
(2 rnojs.) at I(<3'. 

Te tra ■ brii7u<i‘ethyl-eth er 
C,lJBr,.O.C'O.CH Br. (177 ). from theprc*ce«ljng 
(1 Dioi.) and Br (I mol.) at 170''. Dccomposoo 
by alcohol into l ABr and brorno- and di-broiiiO' 
acetic ether.*-:. 

Penia ■bromo'Cthyl elher 
CJlri.O.CO.Cll JV. (c. Bj 7^). Foruicd by bw- 
tninuling the prcccdiog. 



CMoridt t.'BywHo-iostti chwbibi. 
Bromide «. BBoao-icsTJt. BEomor.. 
Anhyiride (CH^r.C0),0. (216»). •Ob- 
turned hj distilling Ac.O.CO.CH;jBr wnicli is 
totmad by the notion of AcONa on Br.CO.CH.jBr 
(Kaumunn, A. 12‘), m ; fJal, C. il. 71,27:1). 

Amulfi CH.iJr.CfXN'H,. [165®]. From 
bromo-aoetio other and 20 p.c. Nlf^ at 0® (Kosecl, 
J). 31, 2110). V. sol. water, ul. sol. alcohol, 
•insol. ellier. 

ATitri/c CriJk.CX. (MO®). S.a.121'771. 
V.D. 4 OO. Br()i»o-ac(‘ti)tutrilo is formed by the 
action of hronnne-Wiitcr on iodu.acetonitrilo 
^Ilenry, C. U. 10:{, 41.'1). The dihromido of 
acetonitrile (p. .'1.5) may he looked upon as a 
hydrohrornidoof bronio-acetonitrile; wlicn wat'-r 
is added to its nlcoholh; solution neodk-s of the 
imido (CH^Br.CO),.Nll [IW ] grailually separate 
(Knglcr,/!. JIKl, 3;i7; M2, Ok). 

Di-bromo-acotic acid CHIlr,.0O .Tf. [ 15\ .»;o®J. 
{283®). Formed, to;,'«-(her with ClIJlr.CO.H, 
whan n niivluri> of hroniino and acetic arid is 
oipo.seil til sunlhdit (I'erkin a. Duppa, V. J. 11, 
22; S<‘h/ilfer, B. 4, Formcil also hy the 

aolioti of Br on acetic ether at 130' (Oarins, 11, 

3, 330), and as a hy-product in tho prepaniLioti 
of tri-hromo-iirelic aldehyde' hy passinj; hromine- 
vajiour into alcoliol. Crystalline mass, v. sol. 
alcohol and ether ; its vajiour is very pungent. 

Balls. Fxceptini:'Ag ami inereurous salts, 
•tho (lihromo acetates (lissolvc readily in water. 
NH4A'. KA'u(|. BaA'.lait.- IhiA’.O.ni (Bc.no- 
dikt, A. 1X3, ioo). — I*hA'._,: stellate groups of 
needles.--AgA': needles; decompoKod hy boil¬ 
ing water itko .Vgllr, glyoxylic a(nd, and dibronio- 
noetic acid; decomposed by ether at lOO ’ into 
AgUr and an oil, CJldlr.O,, whence water forma 
<li-bromo-a‘‘<'tic and tdyoxylio acids (IN'rkin, 
C. J. H2.1)1). 

Kthyl e/her011l5r„C().l'U. (103®).J-’ormetl 
by healing (lie acid with aleolml Tir hy adding 
bromal hydrate {•[ pts.) to an alcoholic aolution 
of Kfly (I pi.) (Hemi, ,7. ll. 7, 203). 

Aniiilf {llinr .CO.NIl.. J-Wrnath^n. 

—1, From di hromo-jK'clic e>lher and NH, 
.(SchiitTer, fi. 1. 301); Kessel. 11, 2110). 
- 2. From penta»hromo-»celo-acetic nimMc 
CBrj.OO.{:i>r.ri).NH.; ami hoiliiig' water (Stokes 
8. V. IVclinmnn, Am. 8,37’)). -3. From penta- 
bromo acetone and NH, (Cloe/., 122. 121). - 

4. From aspar.-igino and hrojgine ((li^i'sclu, 7?. 
i).M35). /’)(7J( /7o'.s.--Nce«Mi'S; may he suhlinied; 
)U. }5«>l.<'o!d. V. sol. liot, wafer, alcoliol, and ether. 

N ifri/eCIlBr;.CN.(112^’]. Formed,together 
, with hromofonu a*nd*CO., hv tin' action of Br 
on nquemis eyano acetic uci?l {H<»lT, H. 7, 1 ’»7I ). 

Tri-bromo-acetic acid CBrj.CO II. fl '-O ] 
(8.): fl35’t (Oal. C. 72. 77. 7h0). (2.')0‘). 

Fonnation.-- By^Jro action of wafer on 
tri-bromo-ac'elyl bromide.—2. Byhealintraipieous 
inalonieaoid with bromine (rdrieff. 77. H. 730). -- 
8. By heating Iri-hromo-acetio aldehyde with 
HNO, (SchiitTer, 77. 4. 870). 

Projk'rtics. Momwlinic tables, v. sol. water; 
it* vajHjur is pungent. IVcoinposed by boiling, 
4pviDg off Br and HBr. Tho sails, excepting 
the silver and mercurous salts, are v. sol. water 
and alcohol, but decomposed by heat, both when 
4ry and when in solution, into bromoform and 
• metallic carbonate. 


BaA',Ssq: teble*.-PbA'*f gtomrf 

needles.— AgA': rery anst»ble lamina. 

Ethyl etherFAK'. (‘J2S°). > 

Amide CBr,.CO.NH,. [121% Formed, 
I together with tho preceding hy the action of 
j bromine on asparagine suspended in water 
((iuarcschi, G. 0, 375). Formed also by treat. 

: ing hoxa-brorno-acctone with ammonia (Weidel 
: a. Oriiber, /J. 10, 1348). Monoclinic laminw; 
may bo sublimed; si. sol. alcohol, ether, and 
; cold water. Split up by boiling alkalis into 
bromo-form, C().„ andNHj. 

I BB0M0>AC£tlC ALDEHYDES. 

I Bromo-acetic ortho-aldehyde. 

! FtU//l ether CirBr.ClI(OKt),. Promo- 
; acefal. (171®). From ucctal and bromine 
(I’inncr, 77. 5, U!)) or by treating vinyl ethyl 
oxide with Br uiul decomposing the product 
: CH,Br.(JHBr.OFt with NaOKt (Wislimius,/I. 

' 1112 , 112 ). AlcoholicKOII at 170° converts it into 
CH..OH.CH(OMt).,, while NaOEt forms at 100® 
CH;(Oi;t).(JII{OFt),. 

Di-bromo-acelic aldehyde CHBr^CHO. (142°). 

: Fornmd l)y dnqiping Br (2 raols.) into a solution 
1 of paraldehyde (1 mol.) in acetic ether (Uage- 
; maun, 77. 8, 758; IMiinor, A. 170, 07). Lhpiid, 

• V. sol. water and alcoliol. Blisters the skin. 

■ Hlowly changes to an isomeric inodilication, 
in.'ol. water. Comiiines with water, forming 
the solid hydrate CHBr,,CII(OH),. 
j Tri-bromo-acetic aldehyde CBr.j.CJ10. 

I Bromf/.7. Mol. w. 2^si. (17-i ). S.O. 3-31. 

Formation.—1. By tho action of Br on alco* 

. hoi (Iiiiwig, A. 3, 280; BehiilTcr, 77. •J,3t)(l). - 
' 2. Together with the preceding, by the bromina- 
tion of paraldt'hyde. 

Jhvperlifs. I’ungent liipiid; decomposed by 
aqueous alkalis into tiromoform and formic acid. 

7ifVit7/ous.—1. Finn Ing JIN();,fornist ri-hromo- 
acetic acid.—2. Alcoholic KCy forms ili-hromo> 
ncitic. ('t)ier and IlCy (Bcini, 77. 8, 005).— 

3. Cone. IFSO, form.s bromalidc CJJ.BrjO, 
or tri • bromo - cthylideno tri - bronio ♦ lactate 

' ,0.00 

i:Brj.CH<; ) [158®]. This body is 

MhCH.CBr, 

also formed hy the action of tri-broino-Iactio 
acid on hromal (Wallmh, A. 10.3, 52), It 
is insol. water, and decomposed by alcohol.-— 

4. Tri-chloro-hctic acid forms the corresponding 

.o.co 

CBr,.CII<; I (150"].-6. Lactic acid 

NO.CH.CCl, 

A).CO 

forms CBr,.CII^ I r97°] (Klimenko, 

NO.CH.On, 

D. 0, 9(>8). 

Combinatimis. — l.Witi.Kf&icri Tri-bromo- 
ifcetic orthoal^t'hyde or Bromal-hydrate 
CBr,.(jn{01I)... [5'1®). Crystalli.ses on evapo¬ 
rating an aqueous solution of bromal. Decom¬ 
posed by distillation into H,.0 ami bromal.— 
2. With alcohol: CBr,.CH(OH)(OEt). Bromal 
u.Vo7j<*7fi7tf [44®]. Thick nccdle.s; si. sol. water; 
resolved by distillation into its components.—3. 
With8odiumbi8alphitoCBr,.CH(OH).SO,Na: 
Iaiuinn>.'-4. WithammoniaGBr,.CH(OH).NH^ 
ciy'stals, insol. water; decomposed at85®(Sohiffa. 
Tassinari, D. 10,1786).—5. With acetamide: 
CBr,,OH(OH).NHAo. [160®] (8 a. With 







•Ib/l s CBr,._ 

Blwnat^urd1m»ri9$P] f^ehoa, A 7,689); 

BSOXO^OlSiO XlWuBS 9. BsoMO'AcsTfZi 
BMMIDIC. 

BRQSfO*ACXTIC CRXORIDE t\BROMo>ACETrL 

OHZ.OIin>E. 

BBOMO.AC2TIC OXIDE r. of 

B*omo*a<‘kti(’ ach'. 

BROllO.ACErO.ACETIC ACID ;l. 

$thcr C.ll brO, Cir.CUCHbr.CO Kt. 
S.G. 1-511. 

Fonnation. By of I'r (1 mol.) to 

an eUiereal Kohition «f accto .'ic< tio i tlu-r (Duis- 
beig, B. 15, 157.!; A. 2ia. las). 

brown li<jnM ; hI. sol. 
water, v. sol. otlnT tmil al«-<»hol. (Jniilimllv «}o. 
oomposea on stumlin;'. oiT HBr. IV t'L 

turns its soluiiim tltrp r. -i. It i 

solved by banla watvr. and on a bliii;r 
the sohilmn u ssip-^tm'ii irvKi.illiti.' jip. 

Cu(C„IIJ)rt).). Nvhiclj on rorry.'staliis-'ution fr'-iii 
alcohol .<r (’S^ s<-p:n'at*‘:t its il:uk-‘'rr* jj 

Ut'tit'fi-ms. 1. Aic’liolio Ml, forms siio* 
oinyl-sijc-ciin'c ethrr. 2.*Na a<bK'd to iU otiu'- 
real solution aNii pro-lui'-’.s Rufcitiyl-suciirMO 
ether (diltydrido of di-oxv-t-Tt < tlu-r). - 

3. NaOlit proilui'e,} S’ln iuy!.>iu' 0 inii.- acid 
(Wedel, .-1. *2I'J, /•« lotions may bo 

represented thus: 2CH,.C().(;H!5r.(:o i;t 

('II.CO.('H.C(),kt I 

• 2]lbr^ ; 

COJll.CII.CtXCII, I 

-2TIBr f 

C0;Kt.(JII.C(01l):( H 

Anilidf. CH..nU'ifllr.(’().NlM’h. [l;w . 
Bromhio adlod to llo* auilido of acoto ac-tiu 
ether in uhlorof.irm form-i an additive prcnliirt 
which on wariiiim' yi< !ds brou'.o ae« to-ae' tio 
anilide (Knorr, 7 ;n. l\aily |'hit< s (from 

alcohol); si. ifl. watir. Cotu;. JI St)^ proil»‘< s 

bronio-oxy-inithylMjuiiioiiiio. 

Methyl-brr.mo-acoto-acctie ether 
CHj.Co.C'Mojtr.COJ'^t. Obtain- -I by brornination 
of nielhyl-:ic-to ae-dio* t!;‘T. I.bjui'l. C-.'iivi rlr-l 
by heat into KllJr and (: 11 (|■Jl'^i'JW, (J. Ji. 

97. U9}. 

Ethyl-bromo-acoio-ftcelic ether 
CIl..CO.('i:tIlr.Co.Kt. S.(l. 1-55. Ol.tnfned by 
adding Br to - ihyl ac' Jo ace tic - thf r in ul 

solution (W< I- !, .-1. 2l‘.b I(}2i. l’un;/ent li-jui 1. 
Feplfl turns it,-; nieolif-lic r-diition violet. At 
100® it j^jivf.s Kfbr and (^ ll,,p, or 
probably ll.Uil, {cf. Bemar- 

§ay, A. Ch. '/>j 20, -10.5). 

Iso-batvl-bromo-acc'vO-acetic ether 
CH,.CO.C(C,lL,)Hi-.CO_,Kt. From iso.butyl • 
aooto-acetic ether juu^J^ot —5*' (f)-un.an.av, 
Bl. [2] 31. 513; 33, 5ld; A, M ?5' 20, -133; 
C. H. 80, 1085, 1135). Alcoholic KOH convert f 
it, according to Dernareay, into hex</ic, insthyl. 
isobutyl-plycerio, heptolc, < vyljf-ptok’, an-l g'y- 
eollio acids; according to i^awiow (C. /?. t‘7, 
99) alcoholic KOH form.^ an acid C,H,,0, or 
CH|.CO.C{COjlJ):CH.l*r with evolution of J.'fltr. 

Di'bromo-acete>acoUc ether 
CH,.C0.CBrj.C0,Ktl?).S.0.3" 198I.Kroin aceto- 
acetic ether (10 g.) in ether (10 g.) treat- 1 with 
Br(24’6g.) (Duisberg, /1.213. M3). run;.'« nt oil. 

R§acUcni.—l. Aqueous Feplg gives a deep 


ni S»^iB»far iJn* * ehi^t 

«oloar, but &i(OA<))i no pp. in tlit wlu. 
tion. A Hdp grwn pp. Cu{0,H,Br,OJ, il, tow- 
evor. forniod wlion cono. Cu(0.1<!),A.i U to 
an aVoholic solution of the etlior; it crystallises 
in nctllcs (from alcohol).—3. Diluted with 
ctluT iiml tn ati d with Niudi-bromo-aci to.acetic 
i-tlit-r I so ikvcs di i'xy-tcrcphth.-ilici'tln’r (9g.|. 
-^aOl.i mav bo usi-d insft'ad of N.s fW’o.lcI, «(. 
2l:l. 7ti. 

£ihyl*di>bromo>aceto>acotic elh-r 
C. H kr.l tO, i>. CIIBr.l,'<U’l5rJ;i.l'(> Ft (?). 

S <». l oj, A YilltOM. h ('il, g.-t by luomination 
of L-’hyl at’fto :tt-i lie t tlu i‘. ciibuirs ilil 

iiic(.J=>'lic •^tduli.'n \(iiM n-d (Wi dtd.’j. 21'.), 102). 

Tri-broMio-acoio-RCctic ether 
CHJ{r.(’0.CJ?r,.O)d:f. 8.(1. •"* 2111. From 

.-IC-to , (!i,-r (lOg.) in (dt!m .form (20;,:.) 

by iid litit'ii of bi'->miiii' (3Kg.) |l)in: boii-, .1, 
213, I l.'-l. Yellow Injiml, hiiglillv pun- '-iit. V. 
fd. <o\. \v.;t. r. When licafod, it gi\. s ..IT IlHr. 

75 0 - 1 . A'liicmm I'V.CI,. giv- a aft.-r 

!'"riic linif a slijrht red j>p. 2. (livc.^ in alco¬ 
holic -o.lotion with cii|>rio ac talc a grtcii pp, 
Fu((l,.H,Ilr.(),).. (W.-b 1, A 212. 2,5). 

Ethyl-tri-bromo-acoto-acctic other 

II Br.KlO, CHlir .C’O.ChrJ-d.rO.Ft (?). 
S.«;. I'.m;. It; alcoholic nolulion is turned winc- 
n d by I V ('.I,,. 

I Tctra- and Penta-bromo-acpto-acrtic ctherSp 
■ Ri’ call. !, ail mi\tiirrs of tri- wi(li jivr- bromo- 
acrto-accl;.’ rtln r. 

Prn f I hi i>>ii ,1.(1 ci'tit-act'ta »i idti 

CHr,.CO.CI{r,.a).MI,. fc. MH J. From di-oxy. 
amii|o.p\ri-lim* an-l bnunim wnlor (SI.do-H a. 

V, I'.-.dimann. .Im. H, 375). .N'l i-dloa or |>ri.‘uns; 
coiivt.-rl. 'l Ity btiiling wiiU-r inJ.i di br.rmo aoot- 
timidi*and ('dIBr,. .YlcoliolioNil j’ivcKtli-brouio- 
malonamidti and CMHr,. 

Per-brmuo-necto-acelic ether (•Jlr,,.0, i.c, 
(■ftr.,.C'n.('n!-..('(>.(.'.Hr,, it''!) ' 7n ■. I'roin trj- 
lin-mii 1 1 it- ( IImt uti-l bromino at Hl)‘* 

for 2 nay;:, ('.ttlourbss crystnllino ma«S. Not 
atT. .d- -I I'V air. (livt-;: no l•^^loIlr witli und 

n.) co{ip. r i-|i. (W'l di i. A. 212, 27). 

DKOMO-ACl.TO-AMIDO- v. Ita.-M,. amioo-. 

TiH-BROMO-ACKfO-OUANAMlDlNK 

From broniin.’ and a<|ii(!OU« 
a ‘ toijuaiiamidf (Nciiclii, B. 2, 23)1). MiniltH 
m .'ib h-, iiisol. waf' f, al.-.-Iiol, and * th<T. 8plit 
n|'by iioihn;/ witli wat' r into brornoform and 
cyannric aind. 

BUODlOeACETOL r. I>Mm-M'- i 

BR0M0-A>;i:T0NE(;n...(:o.(;ii,nr. .s.g.i-bo, 

F'lnn.ifi'.'ij. 1. By a i-linif 1 mol. bromine to 
a. 't-.i'.r-, I ifhi r joiK! or mix. •! willi w.ilcr or with 
CS il.inii* muiin, .j. 125, *307 ; I bnm«;rlin;;, //. *. 
)1, 221 , 2. J’.y tlic a-'lion of a w- ;s!i «I- < liic cur¬ 
rent on a mixture of m »|f»ni5 ami llBr (Iticho, 

C. Ji. 42, 27<P. 

Pnj nriiti^in. 1. A -ain of rlry air snln- 

rated witli bromine 'ia pan-, d througH 
lOo g. rocdi.'d aeetonc (ICititi. •rliiig a. W'agnor, A, 
20-K27i.- 2. Bromine (I rnol.) ISpai-.-^edthrough 
a solution of 1 mol. acetone in 10 voL water 
(Sokolowjiky, Ji. 9,1(587). 

-Yellow, very punt^ont-smelliDg 
oil, quickly turning viob.t when dry, more per¬ 
manent when mixed with a little water. 
oxidib<;fi it to formic and acetic acids (Iiione- 
matin, .S'ifr. fi. 0^, 137). Aqueous forms 



ooiff- 


hvntB wiui HftHSO^. 

, tt-Dl-broia<i.»MtoiwCH,.CO.CH:Brj. e.G. 2*6, 
Prepared by adding bromin® (2 mols.) to acetone 
41 mol.) mixed with a large quantity of wat&. 
liiquid, volatile with steam. l{ot very pungent. 
Combines with NaHSO,. 

s-lH-bTomo-acetone CH.,Br.CO.Cn,,Br. [24°]. 
■ptotn di-io<lo-fl(‘.f4onc and AgUr at 1G0°; or 
from di-chloro-.'vectom' and aqiu ous KBr. Lorfg 
nc(-(Ufa with imtif.M nt kuhU {Vollcor, A. 1‘J2, UCj. 
lleduccd liy Zn arid 11 .SO, to ac'-tuiie. 

Tri-bromo acclon© Clhj.CO.Cll ,. rormod by 
the antion of alk^in lioxa-lu’oino-moDiyl 

jnothcnyl di-kotorm. Mtj gives broiiiofoirii 
(Condjea, A. Ch. [0| 12,20). 

Tetra-bromo acetone hydrate CJlJ5r,0 2iuj. 
[43'’]. From Ha (10 pis.) and acetone (I pt.) in 
tliooold; \vhe!i tin; resultin'' solid mass ia re- 
cryslulliBeil fnan dilute iilcobol a mixture of 
tetra- and peMla-bromo-u(;i tom; ia first deposited, 
and afterwards prisms of teira bromo acetone 
hydrate CJIdtr.O2aq. Tl»c liydiate is insol. 
water, so), jilcoliid (Mulder, ./. 1^04, 330). 
I’erliaps (liis body is (0|I1 dir,0)lH>Ht. 

Penta-bronio-ncetone t'-.llHr,0. i70°j. 

Fonnation. I. IVnin Hr (12 pis.) and aeel. 
one (I pt.) |>rnl<b’r, ./. .'P’O ; vf. Slriiier, 

if. 7, I2S|). 2. Se|>aiuh'ri on uildiit;'water 

to an ulcoliolie sidiitinn of ^ plilorobrornin,' 
tliat has stood some time (Henedikt, V. C. 
1h 78, 101; .1. is;). lOs).- 3. Fmin potassic 
citraconato and Hr (Calionrs, A. (II, itol; 
(ifimaux, J. |h 7I, 622).- 1. From clielidouic 
a(dd and Hr (Wildi*, J. 127, 1(17).—V Fmni 
aqueous pyruvic aciil and Hr at 100' (Wichcl- 
haus, A. ir>2, 200). 

• Trimctrie. needles (fiaun diliito 
nlcidud); n:ft:c -‘OOH : 1 ; r.sii (Hltselieiju r a. 
Friedlander, Z. A’/.v-vf. 3, 103). Converled by 
oqueoua or ulcolmlic Nil, inl(» did)romo-acet- 
nmido. Aqueous KOil fotms broinifoi’i% liHr, 
CO.;, and formic iioiil. 

Hexa-bromo acotoao (.'Hr,.C().C'Hr.,. [112'^]. 

FormutioH. -\. Hy the Jictiiui Hr on an 
Otpioous solution of tri aniidn phenol hydro¬ 
chloride or h\dridiii>niid<', or on ‘ l>rom«)-di' 
ohronmzin ’ the (irsl pnnhict of the m tioji of 
bromine on these salt.:. 2. I’rom I'romanilio 
acid and Hr (llniit/sj li ». yehniler. It. 20,2010). 
3. From draniido }:iiaiai:oI livdicehii-ride ami Hr 
(Herzig, .V. 3. S2.’.). ^ ^ 

-Monoolinio prisms (friilii? ehloro- 
form). iiisol. walt r. Hee<*iupo.sed by aloohol. 

}ii:<Ktions. 1. Hoiling Na(.)ll.\(| or waUT at 
I8t)*' h»rm bronx'forni juul Ctb... 2. Foiling cone. 
IIKO; ha.s no m iieu, but at*iriO'’ it prothieoa 
bromoq»u’iin t.’l'r,NO;. --3. Hry Nil, gives rise 
to tri-bromo-aeelainiile and CHr.,U. - 1. Sodium 
\mahuun reduces it In iso-propyl aloohol. 

BROMO - ACETONllltlLE v. Nmui.B or 
tliioMii-Aej'vrie .u io. 

«-BR0M0 ACET0PHEN0NE C.H.BrO ue. 
3,.H^.(’0.C'irHr. I'lhui/l bfomo-methyl hetonf. 
Vkouicyl brotnidc. [o0 ‘j. 

AVramhea.—1. From acetophenone and Br 
Emmerling a. Knglcr, 2h4,118; llunnins, H. 
0, 200l>; Staodol, Ji. 13, 837).—2. Formed, 
ogethor with CO,, and HBr, by boiling a-phcnyl- 
.•oxy-jS-dibrnmo-pinpietiio acid with wuI«t 
BO ttirger, iS. U, 1238), 


and BOO pt8. oJ glacial acetio acid; Atts, stand. 

tnf “.*'"**? 0“ » water bath 

till colourless, when it is at once poured into a 
Inrgequantityofcold water; fhejieldislBSJpts or 

80 p.c. of the theoretical (Mdhlau, B 15, 2404). 

Trimetric prisms (from dilute 
alcohol); pungent; v. sol. uJcoliol and etlier, 
insol. water. 

lieactions.- 1. KMnO, form.s lir-nztiic acid.— 
2 Alcoliolic NIIj forms iso-indole CJl.X.— 
,3. Willi $o(lii ‘imilunic t-th, r it forms 
CJ[...C0.CIl..CH(C0JI),.-4. With .sodio-aado- 
aa-fic ether it forms ucetowhenom'-uceto-acetio 
j ether (r. p. 3(i).-- 5. Anfliiu' forms plienyh 
I ami<lo-aee|fq)lienoiie (Molilaii, H. M, 172). - C. 

■ Heacl.s ttiJ)i hiidroxyUiminc hi/drochhride with 
. ))r(«hie1iffii of j^<)-i)itro.so-a<‘etophenono-oxim, 

' C„H.,.('(N0H).C1I..NI1.()JI fSchranini, B. 

• Iti, 2ls:t). 7. An alcolmlic Sidution of phenyl 

hydrazine nacis thus: 1 h.CO.ClJ.Hr i N.iljHh 
] a-. HHr ) JLO + l*h,CdJ.,i\.;Ph. The product 
- furniH yellow net dlr.s (fis.un alcoliol) [137'']. It 
is v<'ry soluhle in ollu-r, chlorofoiin, and CS.;, 

le.ss in alcohol or li'-lif petrub um. It is de¬ 

composed hy acids (O. ill iss, A. 232, 231). 

ai-Di-bronio-aretophcuono C,.il 5 .(-' 0 .tdiBr;. 
[37*]. I’rcpait il by adding bromlm* (2 mols.) to 
a cold sidiition of ac< tnplnuonc (1 mol.) in acetio 
aeid, warming to (I.*’-70^', and pouring into 
water; tlie yicbl is c. 80 p.c. of the theoiclicul 
(I'lngler a. Ilassi'iil.ainp, It. 18,2210; c/.llunnius, 
i B. 10. 2010; Fittig a. Wm.-^ler, A. l!'o, 101). 

! 'rrimefric; lab[<;s (from C.S,.); 

j insol. water. Oxidi.'cd hy KMnO, to h.-nzoic acid. 

I 1, Alcoholic KoAc fiurna 

I‘h.C{>.Cll(0.\e).-.-- 2. Alcoholic l/iidni.ri/huniuc 
ft-rms phcnyl-glytixim IMi.CiNdHi.ClHNdH) 
[152’].- 3. By trejilmtnt with Ml, a portion 
. breaks up into btny.:inii<le jiml ('ll.Hr., wliilst 
; another part yiebls i.-'ointlileiieiiie ('i.ili.N.O. 

I a-.TBI - bromo-acetophenoneIo!cae. 

! BOXYLIC ACID (:Hr,.(:o.(:.,ll,(XUl. [KUrj. 
From phtbulyl-ncelic aciil and Hr. Resolved by 
a'kulis into CllHr., and phlhalic aciil ((Jabriel 
; a. Micliuel, It. 10, 1551, 2l‘)0; 11, 1007). 

I BROMO-ACETOTHIENONE v. Tiiiesti, 
j jiuoMi).MKTH\n ki:tokr and Hu"Mo-iniENYL 

SinTlIYl. KKToNK. 

HEXA-BROMO-ACETYL-ACETONE r. Hexi- 

lIUeMiMjl-MlVniVI. Ml.niVUvNF M KI r>>NE, 

. BfiOMO-ACETYL-BENZENE is Huomo-aceto. 

PJIKNONK («/.!’.). 

BKOMO-ACETYL BROMIDE ClI Hr.C0.Br. 
(lilO"). 2-317. 

—1. Frmii AcHr and Hr at 100® 
((•al,.'(. 120, 5J). •2. F».-^j AcHr and PBr^at 
l^'O ’ (Sjiniosaifskv, Z. fVj 0, 10.1).-3. From 
AcCI{(M pls.)and^lr (120 pts.) at 100 (llubner, 
-1. l‘2t? 315; Nntimann, .]. 12!», 2.57; Gal, .4. 
132, 170).- 4. Hy direct combination of M-dU 
bromo ctlivh'no CHr.rClI, with oxvgoii (Demole, 
C. li. 80, A12). 

Pro]'t'rt!rs. —Pung' iit liquid: bli.-|«'rs the skin. 
i7ci7df(»».<.-—l. .Aqueous Na .ClHfoi-ms sodium 
bri>mo-acetat(> and sodium glvcollalo.—2. Die- 
tillation with NaOAc produces Ac^O, bromo* 
acetio anhydride and glycollide.—3. ZnMe, 
givea u cciupound whence water liberate# 
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Mtiijl*isopnp;l-«Mrhin^ teetooe, »q( 1 methyl 
•tbyl fci^M (Wiacgndow, A. 191,197). 

Di-broBft-M«tyl bromUt CHBr,.CO.Br. 
(194^). From the prooeding and Br at 150’ (G.). 
Formed also by the action of oxygen on (ri- 
bromo-ethylone (P.)* Fuming ; coii' 

rerted by alcohol into di-hromo-acr-iic > tlior. 

Tri'bromo<acotyl bromide ( l!r..C(>.l{r. 

From tlje i>r« c« .lim: luol Fr nt 
200’ (0.). Slowly convirtc il by «alcr iiilo tri- 
bromo acetic a« id, 

BBOMO-ACETYL CHLORIDE CllJlr Clh'!. 
S.O. - ruii;;*-nt liii'iiJ, prohi. r l by Ou» 

action of I'CI, on bromo-ac» lic aci.l (WiiUo, .1. 
132,1711. 

BBOMO-ACETYL CYANIDE CU Br.CO.CN. 
j79°]. Forimd, togfthcr vsiili (’ll t'N.C<Vl*r by 
(ho action of A>'(’y on bronui-ui-. t.\ 1 broniitb* 
(Hilbncr, .t. 131 . bni. M.mi.. clinic tnblt .l. com- 
[lOStvl by wat'T iiit.. IK'v und fH.lIr.t'O U. 

BRO'MO-ACETYLENE ClbiCM. F.miim .i by 

tho jictioii of aic.»lio!it* K<>(1 on ('ll Fi.('Fr, 
(lU'boiil, -I. till, on CU F;'.( llFr; ^ 
jeff, Z. 0, <‘.l ti, or on ('HFiM'llFr jS.iwih-ob. .}. 
119, 1S3; I'luitaino, C. i'.\ T'l, loill; Subaiu'olT, 
Jil. '2. 2l-'K 

Vr''pii-t:."n. - Ao. n-- ’K}.;.>’iii.lo j.; boat.' I 
with NuOlI uiol tlilut"' ;iu-'.!u.l in ;i;i aj'p.iratn i 
fillocl \vitb nilr.';;. II. Tlu* paa is coinloii.-o.l by a 
frt*(‘/iji.-’ iiiixMir^' (S.b 

i'lop. i/. <• «rii III or.liiiiiry t. tiij-oraluri K; 
m. sol. r. In tbo li'piid form it i- .iioom- 
pO'*-'l by into .s t)i broiiio ).• :i. t ),.• an-l 

otluT jiio-liiol.i. It tala ; Jiio in iui ; ivln ti 
.slowly niivril witli air br.iiiio-a<'. ti-.' in id is 
font I-.i. Amiii'.niioai oiipron-i cliloiiiii' gi\o-; 

A 11 '. of f..|Mois aoot\iiil'\ Fr forint 
CIIFr.rib-. 

/? BROMO d ACETYL PROPIONIC ACID 
C,JIFiO, i.M. t ll..(.:().(‘lll’.r.( H .Co ll. /‘.V.MMo- 

UvuU,' iu'i 1. 'a'.* ■ (’r\ lal'i.a ii fx.in CS . 

I'livnuiii-'ii. 1. Fy br.nniimtionof a^oIiiF ni 
of /3-a<?» tyi pi -pionit' a'‘id in IKH }■' ‘ .wt) 

2. By tliM iioti. n of Wat'r up-'U i-u- 

lacfono dibi'oin.'i'' .1. 2-’9, libb; f. l*i- 

IlKOMO .'XV-VlM-.llli: Ai'II'l. 

I’to'f'i rt'u'’:. Wliit'- m 'allo.s (from CS l. Sol. 
alcohol, I (h'T, ii'i'i wait r. 

y.V !• /.'.o;.. l5y thf a.'tion of .'ii|n''''U» Na CO, 
it yiolils o\y-!o’ 1 }! !•;•'p'or;:i‘ am-l iuhI ac--!- 
acrylic acid. !'•>■ h'-ain:;'«itli roiu-. a pit !,ns Ml, 
at llO'-'-FJd'' dMiii'tii\i latino Ctirano'tliyi- 
pyruzim-l is witli .volntion of 

CO^ With iiniiim* it ttiv*di.pin-nyl-!t tr.-i- 
cnethyl-di-byJro pvin.^ino I'ii., fWoilf, 

J5. 20.12.a|. 

Etkiili'thfr Kt.V. (210 I. S.G.l" M;::'. 
From Hr fiml t'tliyl /J itf iyl-propionaU- (Crjora'i 
a. Gntli/'if, li. 17, 22’S.'0. M.a'tMii',' i tJo r aiol 
NaOKt j-oni-rl it ini ' .n-fliyl j'l. j-el )v< t-Mn. tri- 
carboxylic ether (Co iiti.cjl.cy.Vc.CIl-CO. lit 
(c. 2S:r) .S.G. ICO/. ' ^ , 

Di-bromo*£J*acctyl-propionic acid O^. 

tiis^b Soiidirifs about 01 Fr-nn 
propionic uoi-l, chloroform and Fr. I'rom 

bromo-d'RCi tvl - propionic acid nn.l bronanc, 
I^ng thin medb-,. (Wolff. .4. 22 '.?. 2 b/;; HolU. 
Kebrer, li. 17. 

Tri-bromo-;9-acciyI-propioiiic acidC,U .:r,0,. 
[89®]. From B-nct tyl pr>>pionic acid, Fr and 
chloroform (Wolil, ^1.22'J, 207). 


»TUn.*3flTIXTIi XBTOKK. * ^ 

BB0K0.A0SnL.FRXA o. Uhsa. 

BROXO. ACIDS 1*. Bromo. roMrouNDa. 

! BR0M0.MET-A('B0IBlK(C\H,FrO),(?).r78®]. 

.\X'rol«in takes up Hr forming di-hrojito-propionio 
uldfliyd«\alii|uid whtcli polunorisis. becoming a 
pTiiMiv muss, whieli may nl.'m l.-e ebfaiued by 
t'l*' at . ‘Ji of Fr on iiu tai-rol. in. .NaOFicoii* 
\<rt^ this pummy nu tiu-roi'tn ililin'inido into 
broiuu 111'« ju'i'ob'in ttiiinuuiK n. A hi*'i, Jil. j2|' 
iii’i, l.'it'.h Nfi dle.s (from ali otu-C.. lj:i< no muoU ; 
ib'OH not r.-dii' '’ I’l :i-lii1. :i- Whi-I) dis- 

tiiliil with ll.SO, (1 voi.) it' 1 \Mlh waior (I 
lol.l it piv.-s oil eMi'iiuIy pniipint Mipollia 
iii.iy be eojhb n « d i.i a b.pu.l, sol. water, 
wlueli is probably broino acrobm. Fy lunting 
with NuOlit it j.s ei>n\rrte<l iiifi»(\M FiO, (110' ]. 

uBROMO-ACRYLIC ACID (’,11.F t), »>• 
CM ;t'Fr ('ll H. ;70 I'miu <m < r .ot-d; Itionio- 
pi ’pionie avid and u!'‘"h<>lie KOll (Ftalippi :i. 
'loll.iis, 171. : Wa'mrn. ro!loii;.. .1. 

171.MO; hirb-nm.yo'. Ik 11, 1M'7I. 

rr.’i . rtii s.- ■ lus l:ai;Ml;ir nii>iio*'li'iie plaice, 

V. Mil. wati'f nii'l ni' oliol. Fivoinpo-< d by ilin. 
tilifaio’i or txpoMiro |o liphl. t'..iiibiiits with 
llFr loMHiiig a.bdi bromo jiropioiiii! ;i< id. 

A;'A'. li.iA' I I'l- (’;i.\ Iftij. ~ 
KA'. ZnA'. 

. (hri i:t.\'. (e. I ..7 ). (77-) at .10 

inni. With .M.lium iimlonio rllirr it givoH 
r») lil.l (I’ll l.(dlt(M.Kl),. libiitie;il wilh (li« 

«•' lopoUli'i fioijj ii/i'll - bh'liio propi.Miur ctlief 

an l di - odiiiiiMjialoiiie i tln r ./. pr. [9] 

.'(a. Fill. 

O-Bromo-acrylie acid ('HFi ; nO‘'j. 

I'r.iin brom;iiid«' or fiom tn rbioio c |!tyli'i«-iio 
lii l I'Miio Iaet:i1<' by ri In- liolt "ifh '/.u iiti l IK’l 
.1. lO.'l, I’oitii'ti iiF'i by the 

lolflition of IlFr It* propjolie a«-ii| iFaiidrowilii, 

Ik ir>, 27n'.f; Sb'l/. //. F*. ■•Jni. IbatoK or 
iM' i!'- !, .inl. wiiti-T t.ii'l ehlorofui m; explodes 
on In atii.;'. 

Acryi colloids. 'I’lds i<;niie is applied by 

W. 'tpmn- n. Tolb; • to UiH',' bod;! ^ having the 
i:i>iji)><iiutioii (F,l’ 

Is formed in the ])re- 
]i:irali*»n of H bi'tMiio aerylii; jo id foMu a/Fdi- 
brniijo-pro)'i"ni(' lond, e: jK-etally w l.i n tli'; iletitiri 
\!‘'!,Mil. IiiM>!. wabr, iile.,l<ol, ami 
I til- r, ••ol. MfjAq and not n t»p-l. by IKd. 

li - .1 fop III' '1 wli'ii tt-brorno* 

lef. he ai*-lg> b ft -'Ver 11 SO,. It i:-( a JPOlOUfl 
. ‘'-1. NJl.N j lUid r<'ppd. hy 111’!. 

/ ’/f'-'-i' i> fornt"l v.ah M piiration 
of FtFr, by ii* atm;? ethyl u br"iiio-a<Tylato. 
Am.oi p!ioU;J ; in -d. NJlj.H}, but becoming 
.'■•.mii iv tiiei-'-in. ' 

D:-birmio-ncrylic acid ( HFi.^iFr.COjlI. 

' . .S. .'.'Fi at Is’. 

• / ,»i1. From ;; leo l.ioinie acid nnd 

ii.'ir;-ia-wab r f.Ijod,>'M. a. IJdl, /h 11,1073, 
Ze.'.d. ill; 1, F'-'.h 27it; Fill a. AtfixnvH, P. 
Jo , .i 10, r.f2; 17, F;.'.|. 2. J r.uii ulco. 

hohe K/»fl aiid «"/l-lri-brom<x pi' p-oiiic acid 

(M.' ll I'd a. N"it n. Jm. 2, 1>'; M.nilhner a. 
Sui'la, S.l-. li. *<:t, 27;>; /•/. I. FM|. 3. From 
rtj/l tn bi»-ino-]'ropi«'iji<; iiei l aielaleoholie KOH. 

i'-arly I'h.ies (from alc'diol). 

S '!. (!! < f and ch'oiofoTin, )•'■. ho!, henxene and 
i C.S,. Boilitigbaryu-watci fonn J;roiuo acctylcwe, » 




He»t«d %iih Br ia 4 ie 4 led tube H roniM tttia 

bromo-propionlo aeid. 1 

Salt*.— AgA'; Blendar needles.—PbA', aq: 
pearly plates, si. sol. cold water.—BaA'j aq.* S. 
6*28 at 18'.—CaA'., ,8aq: long ncodlns.—KA'. * ! 

88 - Di - bromo - acrylic jicid 01ir,,;CI{.CO„H. ! 
[86'^J. S. 8'OG at 20''. i*'roin tri-broina-stn:cinie ' 
acid by heating with water (Fittig a. Fetri, A. '■ 
IOC, 70). Fnnned alse by tbe union of I*l!r 
Vith broirio-propiolie acid (Hill, /). 12, (100* : 
Hill a. MaU ry, /‘. Am. A. Hi, 211). ’ I 

I^r(}pn llc:i. l.ar.'M! plalei:; boils with partl.-il ' 
di^cnrniiosition ay 21:) -2o()°. V. c. sol. alcohol, ; 
and cllii r; m. aol. cold water. Docs not com- i 
bine with fll’r in the eobl. Iba a not combine 
with J)t in the cold, but at 100'' it forms tetra- i 
bromo-propionic acid {.Mabery a. Itobinson, Am ' 
C, O.'il). I 

Baits. - DaA', •2aq ; B. I*J*fil.-Cu.\' .'i'an. I 
Etkyl ether Kt.V. (21:)'). I 

Tri-bromo-aorylic acid ('lircCIlr.COJf. j 
]. B. 1*.)7 at 20'. F'roni u8)ld-hdra-broinf>- ■ 
projtionic acid and alcoholic Ktlff at 00’ 
(Mauthner a. Bnida, it. 2, 100). Formed also 
■ by treating bromo-propiolic acid with bromine- ! 
water (Hill, Am. 0, 17m) ; and from di-bromo- | 
lodo-acrylic acid and Hr at 100’ (Malnwy a. I 
Lloyd, Am. 4, 02). Monoclinic ijrism.t, a:h‘o 
_ •.'102:1:-.M9 (.Melville, />. Am. A. 17, 1.71). 
rnciniic iiyr.imids, otOrc 1*12M:1:1-170 • a . 
80']:!',8 r.*2'21!', 7 ,01' ll'(llccko, ,17.2,111). 

\. sol. alcobol and ether, Doe.v not combino 
with bronnne, oven at 200". 'I’lie Ha salt yields 
tn-bronio-elhylenc* when boile.l with wah-r. 

Halts. llaA',,oa.|. HuA'.:iii.i. B.(olBaA'.) ' 

80*6. OaA'.. :iai|. AgA'. ' 

BKOMO-ADIPIC ACID C,.H.,HrO,. From ^ 

adipic acid nn.l Hr (1 mol.) at 1110' (tlal a. (l.iv- 
Lussim, ('. li. 70, 117.'!). Harli-brown mass, 
Bmclhng hlto camphor; converted bv boiling 
alkalm into .adipooialio (or oxvaJiiiiim?) acid 
(v. p. lil). ’ 

(a).di-liromo.adipio acid C„HJ!r.O,. From 
adipto acid Hr (2 mobs.) at Hill’'((I. a. (1.). 
Powder; deci.ni|n.,ie.l by wider. M'alcr at 1.70' 
forms adi|iiitartario (or di-o.vy adiiiic acid 

(». p. till. ' 

(8) - dl - bromo - adipic acid Clllir O 
(U6 -122']. Formed logciher with hroiiio- 
hydromuconic acid, by the action of Hr on a 
sohdion of hyilroimiroiiic acid (l.impiield, A. 
ll>o. 2ls,l. Nei illos. Converted by^iAiist 
or baryta into di-oxy-adijiio acid. 

(y) - di . bromo - adipic acid C 11 Hr.O 
[17o - lii0'j. Forimyl by adding Hr id a’warm 
stdulion of hydronmeonic avid in glacial HOAo 
(Ii.) Bm.all needles. Converted by moist A*-.0 
into muconic acid, and by sodium-amaigand 'to 

Tri.bromi).ad;iiicactdO„H,Hr,0,.ri77'-180']. 

tornicd by trcaimg a hot solution of hydro- 
mnconic acid with excess of Hr (L.). Binall 
nrodlca. Converted by boiling baryta-water into 
Iti-oiy-adipio acid. 

Totra-bromo-adipio acid CJl.Br.O,. [211-'), 
Formed by healing hydromttconic acid with Hr 
and water at loo'. Crystalline. Y. si. sol. 

V. sol. alcohol. jj 

BEUMO'JESCDlETZK v, ^Esculetin, p. 65, 


4. z>i.B404c:t„4r4. 

cnSrcn°cjtrLA^c(?)°®^mo).®"°;^'?^^^^ 

From broino-allyl bromide (8-epidibromhydrinJ 
and alcoholic KOAc (Henry, li. .7, 45;)). ^ 1...' 
grant lifjuiil; not attacked by PC! H W 
a-BROMO-ALLYL ALCOHOL C H BrO i- 
CIL:Cllr.CH,OK (1.72 ). From a-bronm-alW 
bromiilo (a-cpnhbromhydrin) and water at 180’ 

1 Henry, {A Id, d0:i). Liquid ; converted by 
nqueou.-; KOH into propargyl alcohol. 

8 Bromo-allyl alcohol CHIinCH.ClI.OHf’i 

I. 7.7"). H fi*'Il'O.. Front 8-bromo-allyl'acctalo 

(0. sup.) by disti.lation with solid .VaOII (Henry 

II . r,, I-,.')). Is perhaps identical witli tlio ore- 

coding. ^ 

DI-BKOMO-DI-ALIYL.AMINE C.II.Br,,N i.e. 
(C:,ir,Br),.XH. Prom s-tri-broiao-propuno ftri- 
bromliydnn) and alcoholic Nil., at 100 (Max* 
well Simpson,/>. «: fd] Hi, 257). Ahso from 
bromo.aliyl bromide and iilcoliolic NIL (Itcboul 
A. huppl, 1, 2.12). Alkaline liquid, v. sh sol. 
water. Converted by alcoholic Ml, at 250’into 

methyl-pyridinc. -B'.H.PtCI,.-H'lfi'CI 

BEOMO-ALLYL BROMIDE r. Hi-mioMo- 

PROPYIil'NK. 

BEOBIO-ALLYLENE v. PiiorAHOYr. nuoutoB. 
Bromo diallyleno r. Huxu.svr, imoiiim!. 
BROMO AUYL ETHYL OXIDE v. Exuyl 
mtoMo-Ai.i.vr. nxiiiK. 

BROMO AI.LYL NITRATE 
CHHnCH.ClL.O.XO. (>). (110" 150’). a.(J. U 
1-5. From 8-brimio-aliyI iiromidc nn,] Ag.N’O, 
(Heiirv, n. 6, 4.72). 

BROMO-ALLYL OXIDE C 11 Hr.O i.e. 
■1*1 ('?)• ISroiwI.aUiii ether, (c. 

S.(r.-i'- I‘7. Ponnod loK'ctliiT witli prop- 
/3 hrom.).atlyl alcohol and 
Solid IvOlI (Henry, H. 6, 

BROMO-ALLYL THIO-C.dRBIMIDE 
C.n.Hr.N.C.S. (o. 200’). From bromo-nlW 

breiiiido and alcoholic piila'isium sulpbo- 
eyaiiide (Henry, U. ,7, l.MH). 

BROMO-ALLYL-THIO-UREA 
(0 H,Hr)NH.C.S.NH,. [Ul'J. From the pro- 
coding and ammonia (II.). 

TRI-BROMO-ALOlS t*. Ar.ni.N*. ii. 141. 
BROMO-AMIDO-ACETOPIIENONE 
; i5:2:lj CJI,Ur(NH,).CO.CH,. 
j Acetyl derivative 
I C,U,Br(NiUe).CO.PH,. [ICO^J. Ohtainud by 
I broinmation of acolyl-o-ami.lo*ficctophenone iu 
' acotio aciil solution (Bacycr a. Bloion, B. 17 
OOr,) Slondor f.dted ^ol^iuVlfs- noodles. Bol. hotl 
,^r 1. sol. cold, l^^oohol; v. sF. sol. cold water. By 
KMnO^ it is oai<llso.| to hromo-isatin f256®1. 
By boiling with KOII it yields bromo<indigo. 

u’vnNTri.bromo-o-amido-acctophenone f6:2:ll 
C„njBr(NH;).C().ClIBr^. [o. 145 ). Fine felted 
orange yellow needles. V. sol, alcohol and ether* 
bL sol water. Obtained by saponiilcution of the 
acetyl derivative by boiling it with a mixtoro of 
alcob.ol and aqueous lIBr. 

Acetyl derivative 

C,lI,Br{NnAc).CO.CHBr,: [186®], ycUowJsli 
grAuuiur crystals, v. sol. chloroform, il kL 
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^ tiM uMm «l biMa* 
tftpoor dtt 4 t 7 ««6(7l<«4Uttido>M9toph«Q0iw 
ttUMd witit * li^ iodi^ By boiling with HCt 
it yields «Mli>ohloro-m*bnHno-o>Amido-aeotophe< 
none. By KMnO, it is oxidised to bromo-isaUn. 
By boiling with dilute KaOH and exposure to 
the sir it gives brorno-indigo (Ha rver a. Blocm, B. 
17 . m). 

BI.BROtfO'AMlBa.ANTHRAQinirONE 
Cj.HjBr {NIfJO . uucorr.’. Prepnrod by 

reduction of (lihr(>Mio-nitro-antl)ra<|!iiti<>iio xvith 
stannous chloride (Claus a. Di. riif. Ilm r, It. 14, 
1334). Slender red ru-edlcs. Hi. sol. all solvents. 
Has no basic properties. 

BBOUO-AMIDO-BENZENE v, Bu.>m>-ani. 
LINK. 

(1. 2, 4)-BROUO.AMIDO.BENZENE SUL. 
PBdmC ACID CJlJtiXSO, i.e. 
C,H,Br(NIL)SO,il Ory :o-<irtiliuf sul- ' 

phonu: add. S. at 11° (S.); *JlU at ‘JO’ 
(A.); 

Fnruuiion.- 1. iJ_v reduction of(l, 2, 4)-bro. I 
mo.nitro bi'ii/.eno siilphonio noid .-I. | 

180, 100).•• ‘2. Hy su'phi'*Kition of o-broiini aiii- 
lino (.\ndri'\v.«t, IK i:i, ‘JCJO). 3. From br“m<>. 
benzene /Ksulplumio H«*id by nitration and 
duction. 1. From vt vy dilute a«piti.>ii.i amido* 
benzene nt sulplmnie m id an,! brumin<!.«!ii‘r 
(Lan dill til, .4. lOl. 17'd. T). From (1.3. 4. (i) <li. 

brornooa-ainitlod., riv* ru' RnlpliMidi' a.dd, (miii!)?' 

HCl.und r* d I’ at I’-o' iLirnprio^t. H. 10 , I 'l pj). 
6. Hy heating tlio . am * aciil u - :b water nt 200 ‘ 
(L.). 

-Anhydrous in edNs (from cono. 
aqueous ;-dntion) orfuiir* an 1 sit siib <1 eolnnins 
contaiiu..,' aq (from ililnte foitiiion). SI. hoI. 
alcohol. H< din'<<l liy 111 and 1’, or by water at 
120'', to iimido ' in; m*su!pln>nio mod. 

Salt K V'l.'. aq(Iva.).--KA'a(i (Spi. ;;f n„'rg, 
A. I0T,2o7j. - HaA'^aq. - HaAV'aq. S.{‘-f Iti.A'J 
6*22 at l7’. -rbAV CaAViaq. -A;,'A'lurq. 

(1, 4, .’H.Bromo.aniido-benzencaulphoiiic i :id 
OJI,lh(Mr)SO,U -1:4:3]. S. '17 at 15 . 

.f-o/on/rot.- 1. Hy heating /i broino jinilino 
clhyl-Bulphato (Ndifing, li. 8, lOO'i).-• 2. Hy 
adding bromine to a cold a'pie-ms solutioii id 
barium aniline o •oilphonafc il.impriclit, J. 181, j 
12C).--3. By nitration .ind red-iotion of biiKio* | 
benzene m*suIphonieaeid (Thomas, /I. iH'i, lo'!). ; 
4. From aretyl-p-bromo-anilino an«l fuming 
H,SO, (Borns./l. 187. j 

Propcrfie^. —Siesid. r silky iieedl-s (eonf.ain. • 
Ing aq) or largo t:Uoro:-eent pn=MH(\vith 2a<jb ‘ 
81. Kol. cold water, V. t?l. sol. alcohol. (a>iiv. rt- I 


.1 a* jpmBat <&). Mhui d. «4> aSt 
witer.~BiA'|9nHi: lamimi. ?. lol. wftl«^« 
Sremo^uiudo-WieBe itUpheaU Mil 
CABr(H^(SO,H) From aoety! m* 

I bromo-anilina and fuming ii,SO| (Bor&a«iiB. % 

, 107‘2). Needles.—BaA*;2ari. 

(l,2,.3,5).Bromo*ami'do>beatenft disalpbe&U 
acid C.l!,Hi(N!I,)(S(),H1, [1;2:3:5|. Formed 
by bruinirmtion of (T,'2,-l) umido benzene disuU 
i plnfnic acid (Zander, A. ItW, 1). Nh'inlles (oott* 

I taining aq); v. sol. water, si. sol. ab c»’'id. 

I Saits.—The acid salts are less soluble than 
i the normal (mes.--(NH,)..A"2aq. HaA"3aq.~- 
! Ball A'jbaq. rbH,A"Sai| K.A''2a.i. 

Bromo.amido.bent«ue disulphoiiic aold 
' C,H,!;iqSIId(SO,U), (l:4:3:5] or (4:l:8:«l 
or ;’i;l:3:5]. Formed by a Iding brmnino to an 
I aqiirous solution of (1 or 4. 3, .’*) nmido Ixinzeii# 
di«mlp)ionic aeitl (Ifein.’.rlinann, A. 18S, 172)* 
I'risnis (containing ‘ijJiij); v. e. S<d. water,— 
l>HA"S.'iq. l‘bA"3a<j. 

Bro!uo.<ii-aniido.benzene lulphonto acid 
C„I1 Bi(NH ) :2:C:4'!. Itmmo-in-plu'nyl- 

.<u!/<}h<nic ncr./. S. ‘r'l at 17°. 
(tot by reducing I with SnCI, 

(Jt.'issmann, A. 121,214). J.ong wiiilo needlel 
(contuming n<|), turns y< ?!ow in air. When 
jmre it is :ol, wafr r, wln-o impiiie it is very 
Soluble. Insi)l. alcidiol. Ha]iei‘ inoi^iIi'n**d with 
i('i fio'nlion turns hhI in air. Tho aqueous 
Boiutions of its salts turn hliio or red when 
evnporatt'I. Cv>nv<-iti d by tliazo-rcnolioii into 
P'bromo b>-ii/, ne snljihonic acid. - BaA , an. 

(1,3,2,5) Oi.bronio.amido.boQfene sulp&onlo 
acid C,Il,Hr.(NlI,)(S(>,n) (l:8:2:r>]. Formed 
by adihng broiiiino to an aqueous solution of 
aniline p siiIplu>nio acid (Schmitt, 120, 1.38* 
Hen/, JJ. 8, Um;<» ; A. IHI, 24). Fonmsd alao by 
' bioniiimling (l,‘i,4,) aniido-lienzenfl disulphonio 
ftcbl (Ziindcr, A. 128. lO). Needles or prisma 
i (<-oiit:tining 2atj); v. sol. water and hot alcohol { 
ppd. by one II SO, from its aqae<iiH solution. 
Jtr f'lrirH tri broinu aniline. • BaA'..2aq.— 
BaA'.^3(aq. S. (of HaA'^) •!(} at 11’’. rbA'j,2aq. 
—ApA*. 

I r'h fi/rnis a product, (probably 
C II.Hr (Nll.I’OCySO (J!) from which alcohol 
produces C,Il.Br,,(S(H(2)NIl.rO(()I-:t),. (170'^] 

(Haar, J. 250). V. also m mbtiiyl- 

AMIle- »l.s/i sn SirLl'IloMO ACID. 

(I,3,4,0)'Di>bromo*amido>benzcne lutphonU 
acid CJijBr (NI1,).S(>,II [l:3:t:i>I. 8. -252 at 
In ; -212 1.7 7'; ■121 at 4’’ (Ib-rndsen, .4. 177, 
81; Beckiiru, .f. IKl, 213; Beinke, .4.180,280; 


by Br into tri-bromo-aniline. HI and 1* form • Knufh, A. IhO, 4301 ; Haindarth, A. 121, IHO; 
Miiline n-sulphonic acid. IBii ' ni iun, A. 101, 222, 23H; .Spiigelborg, A» 

Salts. - NH,A‘.-KA'.-Ba.V,Aq.- CiA'.aq. | 127 .‘' Oi. 

—PbA'.2aq. ]-'/ri:uition. ~\. From amido*’enzeno tn-iul- 

(l,4,2)>Bromo-amido-'.<ehzenfl sulpbonie acid iilK>nic acid and bromine. — 2. From (I, 2, i)« 
O^H,Br(N£I..)SO,II 'I 4:2]. 8.1! iV Is”. From l.romo ami do benzene suljdionic acid and Br.-— 
bromo-Wnzeno o-su!;ilu*nic n<^l hy nitration* 3. From the correspondin)^ (■,,llJlr.(N()j)SO,lI.— 
and reduction (Uahlm.arm, /I. 181, 2u3^1'i0, 4. From (l,3.5,2,0)-tribio?no-nitro-bonzcno aiil* 
318). Needles (from cone, aqueous solution:-) phonic acid, Sn, and HCl. 5. Prom tribromo* 
or rhombohpdra(:') cont lining 2aq (from dli-jtc amido benzeno milplionio acid by treating with 
aqueous solution); v. sol. hot water, insol. alco- water at 150 ’, or by treating with Sn and HOI, 
hoI and ether. Beduced by HI and P to aniline ' Propcr(;>s.—Needles (from hot water); fl]« 

iR-ffulphonic acid. Salts.--BaA',2aq: noodles, sol. water, in«o1. alcohol. 

f.a, ioL water. -PbA'j.--AgA'. 1. JPofernt 2.50° formso-bromo* ^ 

Bromo amido-beaxene salphonio aeid I aniline sulphonic acid and aniline m-sulpbonia 
QiBaBr(NH,)(SO|H) [l:x:2]. 8. *74 at 8°. acid.—2. X/ioro-reizcfton gives (1,3,4)-di-Droao> 

Fonned in tmall^ quantity in the preparation benzene sulphonic acid. 3. Warmed witll 
Tob L N K 
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rtrong dcohol tad KNO, * yellow Myeteffine 
l)ody,poBBibljO,iy3tj(SO,H).N,H.O,H^r,SO,K, 
le tomed. HeoM in sealed tabes with alcohol, 
\i\) valo di\)Tomo-beuzen6 sulpbonia acid I 
wSl atQ.u\o-dv\)Yomo-\)cnzcnQ Bu\puonio acid 
IB'&BBmannV 

Halts.- BaV,6aq. 8. (of BaXy 2-09 at 7°; 
8-12 at 9*= 5 3-9 at 23®.~KA'a<i.-NH,V.~ 
CaA'x2aq.—CaA'j5nq.— PiiAy S. 2-9 at 22/)'’. 

(l,2,4,/))*Di-bromo*amidO'bcnzene salphonic 
acid CJi,Br,(Nir)(SO,,II) (l:2:4;r>j. S. -m at 
Ifl”; *153 at 2-i'\ From (l,2,4)-tii-bromo-bcn- 
zcno eulplionic«act(l by nitration and rcducliuu 
(SpiogelbcrK, i4. 197, 279). Triunlrio tallies; 
V. b 1. sol. alcohol.—NIljA'aq. - KA'2aq.-- 
BaA', aq: S.(of BaA',) •C7at ir.-l'bA'.aq: 8. 
(of PbA',) *11 at IF’.-CaA',^3aq.- CuA'j laq.— 
AgA'. 8.‘01)3 at 11”. 

(l,3,4,r))<Di*bronio-amidO’ben£enc aulphonic 
aeld CJI,Br,(NU.)(K(),,II) [l:3:4:r)), 8. :fl3 at 
10*5®. From arniilo-bcrizcno o-sulpliojiic acid 
by bniJiiination (Idnipriclit, A. IHI, 19H; /J. H, 
1429), or from (l,3,.'i)-(li-hi(»ino bcn/,cno «ul* 
phonic (loiti by liilration and reduction (TiCti/, 
A. IHI, 39). 'rririii‘tric tallies (anhy<Irons) or 
4-Hl'hrtl prinniH (with aq). Converted by Brinlo 
tridironiu-aniliiie. 

Salts. KA'aq. —NaA'aq. S. (of NaA') .3-7 
at 12''.—BaA'j 1 Uiq. 8. (of BrtA'») -2011111’’.— 
rbA'.^aq. 

Di'bromo-amido'bonzone sulphonic acid 
C,HJir,(NlL)(S(>,}I) (1:-1:2?:GJ. H. -02 at 
From {i,4,2)*«li*br<»mo-bonzeno Hulphonic acid 
by nitration and reduction (Borns, A. 187, 302). 
Mecdlos or prisms.- KA',--llft.V.uq. 

Bi'bromo'amido-bonzouo disulphonio acid 
C.HBr,(NH,)(SO,,lf), From ^mH- 

brotno-beio'.enedi.sutphoiiic acid by nitration and 
reduction (Borns, A. 187, 397). Crystals; \ 
sol. water. K^A". -Bn.V'. j 

DBbromo-amidfl-btinzetio di-suluhonic acid 
C.Ill)r,(Nll,)(B(),ll),. |1: loif. I'roin 

(l,2.4)-aniido-bcnzcMH disnlplionie acid and Br 
(lieiinxclmann, A. iKS, 182). l’ri:.ins (contain- 
ing 4aq); v. sol. water. (Nlf^VA". - K^.V'.— 
lJaA"8aq. l'b.\"3aq. 

Bi-broiiio di-niniflo-bonzcne sulphonic acid 
0,HBr.;(NH;).S()^!l (l::t:2:(‘i:4]. One of the pr<i- 
duots of tiio fodnclion of C,dtr,(NII.).St),lI 
(Bassmann, A. l'.»l.2l-i, 21H). Tablets (contain¬ 
ing aq). V. si. sol. water. 

Tri-broino-amldo benzene su^lvnic acid 
C.IlBr^NH.lStyi, [l:a:C;4:0j. 8. 13-7 at 14". 

i6-riBt7Mih). 

1. From amido-ben/.eno oj-kiiI- 
phonic acid and Br^(B«rmison, A. 177, Hti). 2. 
From the corrcsjionding irttro-acul, by Sn and 
llCl, iimno dl biomo-amido-benzcno sulphonic 
acid being also formed (lloneke, A. l^G, 282; 
Knnth, A. 180, 298 ; ,'.un}ifnvtl», A. 191. 198).—« 
3. From(l,2,4)-bromo aniido ben/.enesulphonio 
acid by bromination (Spiegelberg, .4. 197, 276). 

Vroiu rtit's. - Tliin needles (containing aq). 
Fol. cold water .and alcohol. Heated with water 
at 146" it becomes C,lIBr.(NH.)80,ll. 

fialts.-BaA'sPaq. ‘ 8.'(dry). -43 at 7" (L.), 
•34 at 3" (Biissinatm, .4.191,221).—KA' aq. *936 
at 4" (B.).-PbA',9aq. 8. (oC PbA'.,) -73 at 14\ 

Tri-bromo-amido-bentene lulpbonio acid 
C,HBr,(NH.)(SOJl) [1:2:3:4:5]. From (1.2.3,6). 
Ut-broiuo-benzcne sulpiiouio acid by uitrutiuQ 


»Daieda<itioB(t.oius,i.lgl,4S]. Taibotilw 
der needles (oontiinkg »q), r. sol. water tad 9h 
p.o. aloohol.—BaA'jlJsq. 

Tri.bTomo-amidO'benseiie calpboale Mid 
C«HBr,(KHo)}SO,H) [X:2:6:654]. From the oor. 
responding nitro- acid (Spiegelberg, A. 197,288). 
Long prisms (containing l.Uq) or slender 
ncodlos (witli aq). V. sol. water and alcohol.— 
KA'aq. S. (of KA') 209 at 1°—NH,A'.— 
(4iA'.;3',aq.—BaA'... S. *090 at 1®.—PbA'j2aq. 
8. '40 at H-S®.-AgA' 4aq. 8. (of AgA') *46 at 10®. 

Tri-bromo-di-amido-benzene sulphonic aoid 
CJlr,(NH,);SO,H [1;3;6:2;4;«]. A i)roduct of 
n'diictiou of (Biissmann, A. 

191, 219).-BaA J|,uq. 

Tetra-bromo-amido-benzene salpbonio aeid 
C„Br«(Nll,)SO;,U. [1:2:3:5:4:0]. S. 2*25 at 11® 
(Becknrts, A. 181, 223). Got by reducing 
C,Br,(NUjSOjIl witli Hn and llCl, Jiot allowing 
: the tempi riituro to rise to 100®, or Br^ will bo 
iliqilaccd hy H.. Needles (containing 2a<i). V. 
sol. ah olnd and water. 

I .Salts.-(Langfnrtli, A. 191, 204) BaA'jaq. 

: 8. (of BmA',.) -4 ut 10'.—CaA', 7ftq, KA' IJaq. 
S. (of KA') 1-71 at 16". 

Tetra-bromo-amido-benzeiie sulphonic acid 
; O.BrdNII,)(SO,U) [1:2:3:4:6:0]. S. -03 at 11®. 
F’rmn tho nitro nri<l (Sjiiegelberg, .1. 197, 302). 
i Needles (containing 2aq). V. sol. alcoliol.— 
KA'iiq. 8. (of KA') *109 at 11 .-CaA'/Jaq. 8. 
(of CnA'.) -107 at U'5".—BaA'.aq. 8. (of BaA'j) 
■0156 at’n'6 ’. 

(»). BROMO . 0 ' AMIDO . BENZOIC ACID 
CJI,Br(NllJC()dI (1:2:31. Jiro»io-n/if/i)'ani/ic 
acid, [170'J. From tint oorrosponding nitro¬ 
compound by Sn and H(3 (Hiibner, A. 222,104; 
c/. A. 143, 211; 149, 131). Needles; m. sol. 
water. Sodium am;ili;am redticos it to o-amido- 
benzoicaciil [I l l" |. Nitrons :i<'id forms Ihodiazo- 
deiivativo 0,.lLBr(3).,U.N,,.Ml.U,ll/h-CO.,H.— 
Sj^Us.' A|'A'. HoA'.nq,- CuA'.- 
A fft 1/1 di'r i vii f ivc 

CJl,Br(MiAc)ia\li)tlV:2:3j? [216®). Obtained 
by Imiminating acetyl-o-amido-bcnzoic acid 
(Jackson, JS. 14, 879). 

I ()4)-Bromo-()-ami(lo-benzoic acid. Brotno-an- 
tJmiriiliiUiriU. C„Il,Br(NH..)C011 [1:4:3]. (208®). 

By reducing (1, 4, 3)-brumo< 
nitro-ben/oio acid (Ilnbnor, Ohly a. Philipp, ^4. 
113, 212; Msvkcr, liubner a. Petennann, A, 
149, 133).- 2. By boiling bromo-i.saloio acid 
with Com*. HCl (Dorseh, j.pr. [2] 33, 36). 

JVo/. -V. sol. acetone, sol. alcohol, 
ether, s'hlorufonn, benzene, and glacial acetio 
acid, si. sol. boiling water. Sodium-amalgam 
reduces it to o-amido-benzoie acid [144®). 

I Salts. —BaA'.,4aq: needles, v. sol. water. 

I Afni.lc. C,H,Br(b;n.)CO.Nli., (177®). From 
bromo iaaloicacid amfNlI; Aq. Flat needles. V. 
sol. alcohol, acatuno and glacial acotio acid, m. 
Eol. water and benzene. Insol. ether. 

I (l,3,4)*Bromo't)i>anudO'beRzoic acid 
! C.II,Br(NHJCO,H (1:2:4). (225®). By ». 

dnoing tho nitro- acid by Sn and llCl. Small 
: colouiless needles (from water), becomes reddish 
; in air (Hiibner, ^4. 222, 179; Burghard, B, 8, 
*668; Baveill, B. 10, 1707). Keduced by sodium* 
; amalgam to m-amido-benzoio acid.—HA'HCL— 
; CuAV-PbA'.. 

I (1.8,5)>Bromo-m-aniido*bs&ioio Mid 

; C,H,Bi(NiyCO,H [1:3:6]. [215®]. Fromth* 
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eoReipondiafi rdito* add hj Bn and HO! (Hese- 
mann a. Edbrer,i.223,169). Needles (from alco¬ 
hol). Toms red in light. Salts 
(HA')ASO<.—BaA'jiaq.-CaA', 5Jaq. 

Jl,4t9)-Brono.m-amido-h60ioio ‘acid 

0^,Br(NH,)CO*H [1:4:2]. [180®]. From 

(l,4t2).bromo.nitro*^DZoic acid, Sn, and glacial 
HOAe (Burghard, J5.8,560). Flat needles (Smith, 

B. 10,1706). 

(l,2,4,5)-])i-bromo-o-amido-beQzoic acid 

C, H,Br,(NH,).CO,H [1: 2oH5 Di hromo^ 

'anthranilic acid. [220'-228''’J. 

Fonyiation. —1. From di-bronio-nitro-bcnzoic 
acid (Smith, B. 10, 1706). —2. From o-nitro- 
toluene and bnunino at 170® (WaehendortT, .1. 
185,281; GriclT, B. l‘i, 288).—3. From isntoio 
acid (g. v.) and bronuue (Uors«rh, J. pr. [2] .S3,37). 

Proik'rties.—Clumps of noi-dhs (from nh’O- 
hoi). Long needles (when sublinu-d). .Sol.ah ‘il!(*l, 
acetone and glacial acetic acid, si. sol. chloro. 
(form, benzene, ether, and water. 

Amide C,H,Br,(.NH.)CU.Nrr,. [197®]. 
Pearly tablets (from alcohol-ac tone). Fm-inod 
from di-bronio-isatoic acid and NJl^.Aq at 100 . 

Di-bromO'O-amido-bcnzoic acid 
C,H,Br,(Nll,U'» > .H ^ 1: 2or6 :5:1] ? ]}i-hr,mo. 

autltranilic nc.-'L 22.’»'']. .8. 1 ; S. (nleoljnl) 
2. From the nitro. acid by redu<dion (Hiibni r, 
A. 222, 1891. (^’lourh ss neiwiles, Ih duced I,y 
go<liura amal;-';mi to o amido-betizoio acid. - 
BaAs4a({. — CaA'j4yi'l- — Sr.-VViaij. — CiiA'.m 
This acid is probably identical with the pr*'- 
eeding. 

(l..H,4,5).Di-broino-o-ainidO'benzoie acid 
C,ll„Br..(NII (1:3:4:.5-.. T)ih:»,„>-nn- 

thranilic add. [225®]. S. I; S. (HOAe) 3. 
By reduction of the nitro- acid by Sn and MCI 
(Hesemaiin a. Koliler, A. 222, 175). Jtedi/i-ed 
by sodium anialgain (o o-ami<l(>di«'n/.oi<; a<'id. 
Needles (froin alcohol).—Ba.V. l.'ui. lai]. 

—Cu.V.,. 

(l,3,5,4)-Di-bromo-o-amido-benzoic acid 
C„H.Br.^(Nir)((;()._.IJ). l)i’ iritmo -authraniU'e 
acid. (1!)6 j. From benzoic acid by broiiiina- 
liou, nitration, and redurtion (Angerstidn, A. 
158,16). Kee*lles (from dilute alcoiiol). Ji(Hluce<i 
by stMlIum-amalgata to o-aiuido-benzoic acid. 

Bi-bromo-p-anudO'bcnzoic acid 
C„H,Br,(NHj)COJl [1:3:2:51. ()Maiiiod by 
adding bromin*--\\ater to an acidiliod sohition of 
^i-Rmido-benzoic aciil (Ihilslein a. Geitncr, /. 
[2] 1, 605 ; A. 130,1). Needles (from alcohol), - 
NlI,A.’2nq.—Na.V.5afi. -Ca.VjOuq.- Bn.\Vluq. 

Tri-bromo-O'amido-bGnzoic acid 
O.HBr,(NH,)CO,Ii [1; 2; .x: 4:6].. Tri-homo. 
anthranilic acid. [c.llH®]. From isatoic acid 
and bromine (Dorsch, J.pr. [2] 33, 37). 

Properties.—i^lender n dioB. May be sub¬ 
limed. Very soluble in glacial ^rcidic arid, 
alcohol and acetone, sol. ether R#id « hloroform, 
less soluble in benzene, si. hoI- hot water. • 

Tri-bromo-nt-amido-benzoie acid 
C,HBr,(NH,)COjU (1:3.5:4:0]. [170®]. From 
m-amido-benzoic acid and bromino watcr (BeiU 
stein a. Goitner, Z. [2] 1, 505; A. 139, 6; VoU- 
brecht, B. 10, 1708). Needles; m. sol. hot 
water. On dry distillation it gives tri-bronio- 
aniline.—NsA'4aq.— BaA'j (iaq. 

Tri-bromo-dl-amido-benzoic acid 
C^r,(NH,),(CO^) [1:3;5:2:4:6]. From s-di- 
tmidi^beiMoio acid and bromine-water (Griess, 


A. 154, S32). Long noedloi (from dlluk t!oo« 
bol). SI. sol. cold water.—AgA^ 
Tetra-bromo-o-amido-bencoio acid 
0^i'tNH,)C0jH(l:2:3:4:5:6]. [115®]. From 
isatoic acid and excess of Br (in glacial acetic 
acid) (Dorsch, J. pr. [2] 33,38). AVliito needles. 
At 100^ it sublimes in long sbrnder ne<'dles. 

BROHO-AMlDO-HYBBOCABBOSTYRa o. 
p. Ml. 

BROMO-AMIDO-HYDROOINNAMIC ACID 
V. BunMO-AMino-j8.nn':NYi,.i'T;ori.'Nin acii>. 

BROMO AHIDO NAPHTHALENB t<. Drouo- 

NAl’llTUYUAtlXI'. 

BROUO-AHIDO-NAFHTHOIC ANHYDRIDX 


Nil-CO 


C.,H,ONJ)r U 



Bromo-mph* 


ihosty/ril. [257®]. By reduction of bromo-nitro- 
(a).na['hthiiio acid with I'VSO, and aqueous NH, 
land p]>ri. with a<’e(io aru'd the amido-acid is 
I obluiiird. and by l«>iling with alcohol H is con- 
! v< rli‘<l into thoaiihy«lnd«', whicli c^y^^lalti^;l‘rt out 
: on cooling in brown needles (Kkstraiul, B. 19, 

I Di-bromo-amido-iiR|)hthoio anhydride 
I XO 

: 0,»n,Br,<[ j . ])i-hrnitio-i\nphlhosf7jril. [270'’]. 

; *\NH 

• rrcjvnn d by healing amido-naphthoio anhydride 

.Cl) 

I Husp< iided in water with a large 
^NII 

; (xcoss of bromine. y<‘llownfcdlo8 (from alcohol), 
i IM. sol. liot acetic acid. 

! -4cc/j/l derivative C,,II,ONBr..Ae [18.5®]; 

I small vell 'w nocilles (Khstrand, B. 19, IK)'-). 

I BrvOMO-AMlDO-(«)-NAPHTHOQIlINONE 

: f’ns”]. Formoil by t)»iliii(j 

bromo nniido-(a)-naphtho<juinonc-iniide 
,CO- r(NIL) 

|i with dihiln acids. Otnngo 

ClNflpCI'.r 

' eilby n«edh s. Sublimable. By boiling with 
dilulo alkalis it is converted into l)romo-oiy-(o)- 
iia)ththor]uiiU)iii‘. « 

i Acii;/<' 'dcriviiiive: [137°]; Miljdjur- 

yellow needles (Zinckc a. Oerland, II. 20, J.514}. 
BROMO. AMIDO- (a) -NAPHTHOQUINONB- 


f'.'l/ l! 


IMIDE 


CO CiNiJ^) 


[200 J. Obtained 


G(NM).CBr 

' by adding !•ron^i))e {', o.c.) to di-amido-(o).nn{>b. 

tlo'l or its slanno cbloridc (lO g.) fiuspetidefl in 
j fie<’tic aeiil. Change yejiov u'cdles (from alco- 
liol), V. so), hot alcoJiol and hot benzene. By 
( Snl.'l^ it i.s rc'diiei tl (o brr>nio di B)nido-(«)-naph- 
' lliol. By boiling with »liluto acids it is con- 
! vetted into broiiio amido-(a)-nuphtbo'juinOQ9 
' ,CO.C(NH,) 


C.H.< 


/ 


I! 


. By boiling withdiluteNaOH 


, ‘\cO.CJlr 
i it is itjb) broinn oxy-iiaphtho'itiinon,. 

I XO — C(OHj 

! iraide 0,H,( !| . The latter body 

I 'C(Nn).CUr 




^'lMitt\mtei^fecono.M^ al«ohoUoNaOH fSa" ^ ^ 

U conceited into biomo-ox^-sAphttuxiatooiM DOilM«itoj[dMuUaoetioMid(100^and)»omiii 
- _ yOO CIOHi , ■ V • 1 > j 1 . {11‘7 g-)- *b» product i« pouted into water an 

0,H,^{iQ'Qgj winch IS also lonned bj boil- aeparatee la distilled with steam an 

Inathebtomo-amido-naphthoquinonewithdiluts recrystaliised from alcohol. Olittering prismi 
alLlis (Zinckc a. Ocrland, li. 20,1510). grouped in tufts. IJeaembles di-bromo-o-tolui 

BRO HO-o-AMIBO-PHENOI. dine in being but feebly basic (MOhlau a. Oehmi 

C,H,lir(NIL)(i)n) [l:.'f;IJ. (120’]. Formed by chen, /. pr. 132, 479). 
rcfluciii^ bromo-nitro-i)lniiol with Sn ftnd^HCl Di-bromo-»tt-ainido-phenol. 

(!'■ Schiilt, y. nr, {‘2i .T2, 01). Tliitiplates (from Ethyl eihsr C^R^BrjfNHjIOKt. From 

C.S ) Nceilli '3 (fiMin nicobol). Sol. i.lber, benz- the nitro- compound. Oil. The hydrochloride, 

ene, hot water, and hot chlorolorm. Fo,Cl, sulphate, and oxalate erystalliso in needles.— 
turns the a.pu.ma solution cherry-red. C.ll.,13r,(OKt)NH5,HCl,SnCl3; glistening plates 

Salts.—ll'ilGl'. Very soluble plates.— (Lindner, it. 18, 613). 

BTlllr^. Cryatallist'S very ea.',ily.--B'.ll,SO,. Di-bromo-p-amido-phenol. 


BROHO-o-AMIBO-PHENOL dmem being but fecblj 

C,H,lir(NIL)(on) [1:.'1;IJ. (12.8’]. Formed by chen, /. pr. 132, 479). 
reducing hromo-nitro-plu nol with Sn and^HCl Di-bromo-tn-amido-] 

(F. Sehiilt, d. pr. (21.‘12, 01). Thin plates (from PJf/iyi ether C,; 

CH,). Nceilles (from alcohol). Sol. ether, benz- the nitro- compound, 
ene, hot water, and hot cbloroforin, l'’o.,Cl, sulpbate, and oxalate 
turns the .■o[U(,jus solution cherry-red. C,jil.jl3r,,(OKt)NH-,HCl, 

Salts.—ll'llGl'. Very soluble plates.— (Lindner,-it. 18, 613). 
BTlllr'i. Cryatallist'S very essily. —B'.dl.SO,. Bi-bromo-p-amido-i 


ive Cn,(()II)(NnAc)nr. CJI..13r.,(NH,,)OH[l:3:5:2]. [If 
(from wiitfir). [190'^J (L. a. G.). Formed bj? 


Acetyl derivative C.n,(()II)(NnAc)nr. CJI,13r.,(NH,,)OH [1:3:5:2]. [180«^3 {M. a. B.)> 
rnfl !. Plates or niv-fll. 3 (from wiitfir). [190'^J (L. a. G.). Formed hy reducing the 

Methyl ether CJIJJr(Nii,)(OMe). [98’]. nitro- compound (MOhlau, B. 16, 2845; H6lz, 
From the nitro- compound,Sn and HCl (Staodel, J. [2] 32, 67; Mohlau a. 136hmer, J. pr. [2] 
i. 217, 59). Platcft (from benzene). V. sol. 24, 470; Lelliuann a. Grothmann, B, 17, 2781). 
benzene, ether or hot alcohol, insol. water. Formed also by reducing di-brominatcdjj-diazo* 
Salts. - ini(;l.-“ir.,lloSO,. J3Vl,CoO,. plu-nol (r/. V.) with tin and IICl (Bohmer, /. pr» 


benzene, ether or hot alcohol, insol. water. 
Salts. - iniCl.-'ll'.JIoSO,. ByiAO.* 


Ethyl ether ['oV\. Broad needles (from 132,469): 


alcohol). V. sol. heiizono, alcohol or clhcr. 
tin Its. -B'lICl.-B',1 [,80,. - B',U XIO,. 

Bromo-m-ainido-piicaol C„H,lir(NlL)OII 


C + 2H,« C,H,Br,(On).NH.,+NH,. 

Properties .—by NallCOj from solution 


KfAt/f ci/ice (J„ll.,Br(Nn,)OKt. Tihiuid; of its hydroehlorido as microscopically small 
V. aoi. fileohot and ether, v. si. sol. water. Tlio neodli .s t'roiiped in tufts. Turns blue in air, 
lijdiMf.hlorifle, sulphiili', and oxalate erystiilli.'do SI. sol. ether, v. sol. alcohol, m. sol. hot water, 
in wliilo plates C.II Bi(OKt)NlL. UCl, SnCl.^ Salts. — B'HCl ; glittering plates.— 
(hindner.yMH,0l2). ' ’ (irilCI) BnCL-BUBr. 

Bromo-p nmido-phcnol JiiactioHS .—When N-^Oj ia passed into an 

C,.11,nr(Nli,)(t)U) [1:3:61. [158’]. Prepavi-d alcoholic solution of its hydrochloride, yellow 


(fiindner, Ji. 18, 012). (irilCI) ,SnCL -B'HBr. 

Bromo-p nmido-phcnol JiiactioHS. —When N-^Oj ia passed into an 

C,.ll,nr(Nli,)(t)U) [1:3:6]. [158’]. Prepavi-d ! atcohoUe solution of its hydrochloride, yellow 

by ro'lueinK bromo-nitro-phfnol, or its ht ir/yl | cvyatals of dia/o-dibromo-phenol (j. v.) are ob« 
derivative, hy 8n and lUH (O. Jbdz../. pr.'2] ' tained, but this body is tsomme with that by the 
32, 65). Short noinlUiS (from diliito jileohtd). | reduction of which the dibromo-amido*phenol 
Sol. ether, benzene, and eliloroform, si. sol. cold was prepared. An ‘ inlra-molecular change * 


water. 

Salts, — B'HCl 
(BMICU 8nCV,.-lVlIl5r. 


silvery plates. - 


must tliereforo have occurred somewhere. 

Acetyl derivative C„II.4lr.;(NIIAc){OH). 
[174’]. Glittering plates (from dilute alcohol). 


(BMICU 8nCl..—IVlIhr. [174’]. Glittering plates (from dilute alcohol). 

Acciul derivative CJI,(|UI)%NIIAe)Br. Methyl ether From the nitro- compound 
[I67’J. Thiele nocdlc.-i (from liot water). Solu- [127'’], Sn, and IICl. White )»orcclain4iko mass. 


ble in nlkalia. 

Methyl ether. 

From tlio nitro tMunpound. Sn and IICl (Slaedtd, 
A. 217, 68). Oil. Insol. walor, v. sol. Ifcnzene, 


j Extremely sol. ether, benzene, or alcohol (Stao* 
del, A. 217. 70; Staedel a. Dnmm, B. 11,1749). 

SaU8.-B'JlCl.~BVIL,SO,.-B'.,HXA 

Ethyl ether [67'’J. Needles (from aloo* 


alcolud.orcllmr. B'HCl.—-B’-JI^SO,.—B'jjlLC,0,. hoi). V. sol. alcohol, ether, or benzene. Salts.- 


Ethyl ethvr 

From tho nitro-compound, 8n and IICl. Oil. 
B'HCL-B'.,H.,SO,.-- B' H,CG«. 
Pi.bronio-().nmido-pheQol 


BTICl.-B',H,80g.-B',H,CA- 

Tri-bromo-o-amido-pbenol. 

Ethyl ether 0,HBr,(NIJ.JOEt [1:3:4:5:63? 
[77'^]. From amido-phenetol (5g.), glacial acetio 


C,lIJtr..(Na;)(OU) [1:3:5:6]. [96^. Formeil 1 acid (50 g.) and bromine {17-5 g.). The product 
hyrcfluoing di-broiiio-u-nitrophonol (Ilolz, \ is poured into water, and tho pp. orystallised 
.2)32,69). Slender yellow needles (from dilute ■ from alcohol. Long silky needles. Nearly 
aIe«>hol). Sparingly soluble in water, v. sol. ; insol. boiling cono. HCl. It is totally decom- 
aleidiol, ether, benzem-, nud chloroform. posed when heated to a temperature a littU 

Salts. - B'llOi: plates. — (B'lICl).,SnCla: above Us melting-point. 
uwvllcH.- K'Ulli'; noctlles. Tri-bromo-w-ainftij-phenol 


Acetyl derivative C..H,(Oll)(NIIAo)Br.,. C,HBr,(NH,,VOH [1:3:6:2:6]. [115% Formed 
[186^. 'Yellowish koodlca (from hot water).* by reduction tri-bromo-m-nitro-phonol (Dao- 
Sol. alkalis. j coi»o, B. 18, 1168). Colourless silky needles. 

Methyl ether OgnaBr-.(NH.,)(()Me). From ; Sol. alcohol, ether, benzene, and hot, si. soL 
the nitro- compound by Sii and HCl (Staedel. cold, water. FcjCl, gives a green colouration. 

A. 217, 63). Oil. Sol. alcohol, ether, or dilute I Ethyl C,HBr,(NHa)OEt. Solid. ▼. 

acids, insol. cold water, si. sol. hot water. . sol. alcoliol and ether, al. sol. walcr. BTICI: 


B'HCL—[nT^’j.-B'-.nAO*. 


white needles, sol. alcohol.—B'jH.SO,: white 


^?f Apf *<<Acr 0,HBr.-(Nil.j(OEt). [92°]. needles, sol. alcohol. — B'HClSnCl,: white 
Quadratic ervstaU (from alcohol). V. sol. alco- needles (Lindner, B. 18, 614). 

.... .. r.1 rr J.. TannuA ■ WTTtA TkTOITWVT. 


hoi ot etlu r. 1!TIC1.-B',H.SO,.-B',H,0,0,. 
lH-tiromo- 0 -amido-ph.sol. 

Mihyl $thtr C,Ujnr.,(NH,)OEl [1:3;4:5]? 


BROHO-AHmO-DIFHEim.. 

Acetyl d.rivativt 

Frota Dr and o.amid«-d:na.-—i — » - - 



BBQXCMifnx^^ - m 

BO^ (Bfltilir, 4. SNi Mf). N«(dl« (him Hsoaifiottion o( tii* produol ((h&iitli A Ui 

ilec^oi). 82N). Lobs sUttnu^ eryst^ noil 

Si-troaoJl-UBido-dlphoByl 0 ,|H«Br|(NH^,. ordinary aolrents and in and lUlcaUfl. 

{B9°]. From di-bromo-di-nitro-diphenyl by So Acetyld«rivativ$i [160°]. Longooloor* 
and HCl (Fittig, A. 132,207). Insoi. water.— less needles, soluble in alcohol, ether, and 
B''2HC1. benzene. 

Ll-bromo-dl'amido-diphenyl Bromo>niamido-plie&yl*propionio acid 

(2:4:1) C,H,Br(NH,).C,H,Bi(KlI,) [1:2:4], Di- C„H,(I3r}(NH,).aiI,.CO.,H [2:1:5]. [n7°-ll0°]. 

‘ hwno^bemidinc. [152^]. Obtained from [3:1] l.ojw prisms. Sol. water, aleoliol, (dher, and 
C,H,Br.NH.Nll.C,li,Br [1:3] and llCl ((Jabriel, t-Jv Prepared by rodurtieii oI ;*-hromn-w« 
S. 0, 1407). Trimelric crystals, m. sol. cold uitro-hydrocinnamic acid with <iu and HCl.— 
alcohol.—B"2nci. -l}"H 3 riCl,. I A'llCl: glistening soliiblo needles (Gabriel a* 

Bi'bromo-di-afflido dipbenyl CpII^Br^lNH,), Zimtnermann, B. 13, U'.Sl). 

[1:5:2],. [108°corr.]. Smallplates. Formed by the ; DI.BROMO.o AMIDO.P.nENVL.VALS. 

action ot an alcoholic solution of SnCl, and RIC ACID 

H 2 SO 4 on p-bromo-benzeno-^-azo-bromo-benz- ' (\nJ5r,(NH,).CIL.CHj.CII,.CII,.CO,n. [9G®, 
ene. Treated with nitrous acid in alcoholic ' witli aqj. Long colourless needles (containing 
solution it gives an aziniido-body Ci-lljNsBrj j aq). Formed by reduction of un ulcoholio solu- 
whioh forms glistening violet needles, [206^\ | tioii of di-bromo-amido-phenvhdi-broino-valerio 
si. sol. alcohol (Schultz. J). 17, 405). ! acid C,H,Br,(Nir,).ClIBr.CllBr.CIF.Cnj,C 02 H 

Tdtra-broino-di-amido>diphenyl C„H„Br,N,. j with zinc and HCi. V. pol. ordinary roIvouU, 
Tetra-hromO’hcmUii>u\ [2-SO^]. Prepared by ■ insol. cold water. It could not In' c«)nv<-rtfd into 
broinination of benzidino (Claus a. Hi^er, h. an inner anhydride, even by dehy»lniting agents. 
14,86). Slender colourless needles. Sol. nlco* [ /»yf c f Ac/* C,„ir,pBr.(Sli_.)C();l’lt; thick 

hoi, other, CS.,, CJI«; insol. water and acids. : oil; itshydroclilorideforms wlht«Mieei{lesft3U”i. 

BHOMO-AMIDO-PHEHYL-ACETIC ACID I Acch/l (Urivative C,.U,„lJr..(>iaAo)CO.H 
O,H,(Br)(NH,)(Cn,.CO,.n)[l;2:5].[130’].Forin.'il [200'’); n^KreKalfB of Ihin wliito ncoaiusi v. sol. 
by saponification of the acetyl derivative of its alcohol, ether, do. 
nitrile, or by bromination and Raponificalion of AcctyUctlnjl ether 
the acetyl derivative of p-amido-phenyl*acotic ' C,nII,uBr.,(N(r 2 Ve)(.’<>,Kt [130°]; colourless orys* 
acid (Gabriel, B. 15, 8-10). Culourlesa plates, tais; v. sol. alcohol, other, and ac'-tic acid, more 
Sol. alcohol and ether, insol. CS^. ■ sparingly in bcmu iio, insol. water and ligroin ; 

Acetyl drrivat ive [105’’}. ! in small <piantiti«'-. it can U* distilled undeoom- 

2Vtf/-kcC.,FI.(Br)(NH.,i(CH.,CN). Acetyl (h- ' posed (Didil a. Kinhorn, 7?. 20,3Ha). 
rivative CJI,l>r(NnAc)(CH,,CN) [120°]. Long ■ 8 v c.vi>-Tctra-bromo-o-amido*phonyI-valeric 
colourless needica. Sol. alcohol, si. sol. cold acid C„lf,l]r{NlT_).OIlUr.CHBr.ClI,.CH,.C(LH. 
water. Formed by hrominalion of the acetyl fl07°J. l‘’ormcd by hrominalion <)f o-amido- 
derivative of p-atcudo phcnyl-acctouilrilo (Oa- slyryl-propionic nc'i«l dissolved in clilorfpform. 
bricl, if. 15,310). Small niiiTosc-'pic needles. V. suh aleol'ol, 

Bromo-ami4o«phenyLaoetio acid ether, a'ld acetic a<'id, insol. water uml CS, 

0,n,Br(NIL)CII,.C01I [ItOorGrd]. [lOP]. ' (Diehl ;<. Kijihorn, L*. 20,370). 

From tlie nitro- compound [114°] hy Sn aiul i BIl0*..0'Ai)IID0>Q,UIN0LINE 
HCl (P.P. Bedson, 0. J. 37, 98). Silky needles C,.H.,N{15i)(.N'fL). [Dl-P']. Large nunioelinio 

(from water). Sol. alcohol and CJICl,. SI. koI. pri.Miij?, or long colourless needles (containing 
ether.—BilCl aq: turns red in air. n j). Sol. nleoliol and oilier. 

(al-Bromo-amido.phcnyl-acetic acid | Salts.—B'lINO,: glistening yellownoedlr s. 

CJl 4 Br(NU,)CH.,.Ca,H. [157°]. From the ;' -B'JICI: solublo rod prisms. - Cl,I’lOl,; 
nitro- acid [102°] by Sn and IICl (Bedson). i microscopic orange needles. 

White needles (from water), reddens in air.] Acetyl derivative C,,IJ,N(nr)(NflAc). 
Sol. alcohol and cliloroforin, si. sol. ether. i [105^]. Thin colourless plah-s (LaCoste, B. 1.5, 
Salt.—B'ilClaq: whilcn(-‘cdIes(fromwater). I 1920). 

(B)-Broino-amido-phenyl-acctic acid ! DI-BROMO-AMIT)0'llFS0BCIN 

C,H.Br(NII.,)CHyCO,H. [180°]. From the niho- • C,HBr,(NllJ(Oll), [1:2:1]. In ethjl ether 
acid[1C2°] by Sn and HCl (Bedson). Tlic hy<lio- 0,IlBr,(NH,)(OKl), [ll 2 '^j; rlislemtig needle* 
chloride is less soluble in water than Ihm e of or plal' H(\VilI a. PiiVall, //.2O,U20). 
the two preceding bodies. BROMO-AMIDO-STYREi/E 

(1, 8 ,2, 6 ).Bromo*di-ainido-phenyl-acetic acid C,llHDr(Nir.).C^lI,. 

0,H,(Br)(NlI,),.CH,.CO,H ri:3:2;5]. [c. 200°].! Acetyldcrivaiivc [133°]; hdtndneedle*, 
Long colourless need’. 6 . Fornted«by reduction • rol. alcohol, ether, and ne^ ;ic aeid ; forn/f il by 
of (1, 3, 2 , 5)-brorao-nitTO-aniido-phcnyl-Qcelicf bromination of p-amidp-cimiamic acid dis- 
•cid (Gabriel, B. 16, 1995). . *olved in Acf)H (Gabriel a. j h » zhf r/f. B. 16,2043). 

BBOMO-AMIDO-PHENTL ETHAHE * BEOMO-AMIDO-BIfCCINlC ACID 

CLH„BrN t.e. C,H 4 Br.CH,.CH,.NiL. Broj/m-, Cjyh(Niy(COJJ).,. [MO ;. Fimndi hrcmo- 
fhenyl-ethyl-amvie (253°). From phenyl-pro-; succinic acid and alcoliolic Nil, (Claus, 7L 15, 
pionauiidc, KOHAq, and bromine (Hofmann. 77. ; 1850). Radiating needles; v. sol. water and 
16 , 2740). Pearly plates (from water).— B'HCl. i alcohol.—AgA'. 

(1,2,5) BROMO-AMIDO- $ - PHENYI - PRO . BEOMO-AMIDO-THYMOl 

nOVIO ACID C,H,(Br)(NH.,).CsH,.CO,H [1:2:5], CJIBr.McPr(NH,)(OH). Prepared by adding 
Brc no ’ amido • hydrodnmmic acid fl05°J. i JJa^CO, to dilute solution of its hydrobroraide(v. 
Formed by bromination of the acetyl deriva-! infra). Long colourlaas prisms, rapidly turning 
.llv* of p-amido-phcnyl-prq/ionio acid, and | deep violet. 



».. - —o aoi, jjjr adding 

moderately strong HBt to thymoquinone-oliloro- 
imide (q. v.) a yellow fioecnlent pp. is formed. 
Ether eitracts bromo'thymoquinonea from fhis, 
leaving the above salt, which is soluble in water 
end alcohol, but is thrown down as needles when 
llBr is added to its concentrated aqueous solu¬ 
tion (Andresen, J.pr. IIJI, 182). 

Bromo-amido-thymol [o. 90*]. From brojno- 
nitro-tliymol, zinc-dust, and IICI (M/iz/.ara a. 
Discftlzo, 0. 10, 100). Scales. Converted by 
nitrous lu’idgas into biorno-tliymuqiiiiiono [18*]. 

BROMO-AH^DO-TOITJENE v. Bitouo-TOLO- 

IWNK. 

BfomMi-amido-tolucne v. BIlo^^l^•TonYLE^’E 

blAMiNi:. 

BROMO . AMIDO - TOLUENE SULPHONIC 

ACID C.,II.(CH,)(Nll,)lb8(Mi Bmiio- 

toiitidiiif }in!jtltiiiiic acid. From o-toluidinc sul- 
)»honic acid and broinitie.water {Nevilo a. 
\Vintber. C. J. .H?, fi27). riisins. 

Uciiillnitn. -1. (.'oiiveih'il by dia/.o-reaction 
into u ludujo tolueiio sulpliooic aei<l wlmse sul- ; 
pbociiloride otcKs at [oli'^J and wliose amide at i 
(117*1. “• H'‘iit<‘d with JlClallfiO itgivesdibro- ' 
1110 o-li>Iuidine [H*] and two mono-bromo-tolu- ' 
idiiies, an oil au'l a cryKlalhno body, [r»4’-,')7*]. | 
(>iii' of these bromo-liduidines musl be o!)- | 
Inined from tlie acid by dis|dii(;eni<‘nt of SO.,I[ i 
liy 1 1, and must sub: e(]iuntly give rise totbeotber j 
iiimio- and llie di-bromo folitiditie. Inasmucli 
a,; oily bromo loloidiue, II.,)Hr [1:2:8], 

liejihd witli IICI at IbU* gives a substanco 
110" ‘17*1 and crystals [58*-Tm*], while the crys- 
lailine lironio.toluidiiio (.'>•!*-57' ] is notaffeclod 
bv this Iroalnient, wo must siipimso tbosuliibouic 
avid to bo C,.lf {('Ild(N!l,)HiSl),ll 11:2.8:5] 
ratlu r limn [1:2:5:8|. When it is boated with 
lUd the oily bromo-loliudino is fast formed, but 
tills boing nnstablo ebanges into its eiystallino : 
isomerideaud tlio erystnllino dibnjjno-^duuUr'.o. • 

Bronio-aniido toluene sulphouic acid ! 

C„H,Mr(NlL)l5r(S(),,H) fi:l:2:8(^ra]. S. -582 at 
21'. From o bromo toluene by siil|)bo?intion, 


JS-SsS,:*- •»)■>”««« 

Brnno-amido-tolnene snlpho&ie aoid 

CgII^Me(NHj|)Br(SOsH) [1:4;5?.*3]. Formed, to* 
gether with di-bromotoluidine, by passing bro¬ 
mine-vapour into cold aqueous j7-toiuidine vi- 
sulphonic acid (v.Pcchmann, A. 173, 210; Lim- 
pricht, B. 7, 452). Clumps of needles. V. e. sol. 
water. Converted by diazo- reaction into (3 or 
.5,1, 2) bromo-toluene sulphonic acid. —KA'.— 
BaAV^uq-—PbA'..—AgA'. 

Di-bromo-o-amido-toluene sulpbonio acid 
Cjnre(NH.,)Br 3 SO,U [1:2:?;?:4]. S. *64 at 
13-5*. From o-toluidine j.)-sulphonio acid 
C,lf,Me(NH,){SOjH) [1:2:4] and bromine (Hay- 
duck, B. 7, 1353; A. 172, 211). Capillary 
nci dlcg containing nq (from water).—BaA^Daq. 

Bi-bromo-amido.toluene sulphonic aoid 
C„UMe(NII,)Br,(SO,U) fl:2:3?:?:5?]. From o- 
loluidine by siilplionatton and broniination. 
Needles (containing aq). V. sol. hot water and 
hot alconol. Gives tri-bromo-toluidino [112*] 
when distilled with KOH.—BaA'.;4aq.— 
rbA',.3aq (Gerver, A. 109, 380). 

Bromo-di-amido-toluene sulphonic acid 
C,HMe(Nn,) 2 BrSOJI [1:2?;0?:3?:4]. From 
tolncno y>-sulphonio acid by nitration and re¬ 
duction (Schwanert, .<‘1.180, 300). 'J'ablca; si. 
sol. water.—KA'2',aq. 

DI-BROMO-AMYL ALCOHOL CiH,„Br,0 i.c. 
CIldlr.CIlBr.CIlEt.On. Di-bivmo-di-clhyl-car- 
binol. Fromvinyl-di-ethyl-carbinol and bromine 
(Warmer, J, It. Ifi, .820). Non-volatile liquid. 
BROMO-o-AMYL-ANTHRACENE 

C,,II,,Bi- l-e. CJl/ I [7C*]. Yol* 

V’dlr / 

low nccdU'S. Vluon-scvnt. Prepared by broini* 
mition of aTiiyl-antbrnoene in t'S... 

■ Picric acid compound. [110®]. Orange- 
• yelTinv needles (l.icbianiaiin a.'J'nbias, Ji. 14,797). 

! BROMO-siv-AMYL-BENZENE C„H, Br i.c. 
C„tl,.Clll‘:t.CIlBr.CH,(?). (c. 70®) at 40 mm. 
S.<t. P28. Oil. Obtained by brominating 


iiitriiti(*n, iiml n'duclioii (SeliiiO-r, .1. 174, 8r.n). sve-amyl-bcn/eno (Oafert,-U, 4, (i20). Decom- 
Tiiineli'ic Inminie (from hot w;i{<‘i) or luidules posed slowly by boiling water into IlBr wid 
(from alcohol). Coiivi tted by bromine-water into peiilenyl-benzene. 
iri-broiiio-toluidine [82’). j ^-S-di-bromo-amyl-bcnzeno [58''’-54®] 

Salts. JbiA'jiq. PiiA'.aq. i rh.CHBr.ClIBr.Cll..ClL.CIIj. From phenyl- 


Bi'oiiio-amido-tolueuci sulphonic acid 
C,.H,,Me(Nll,,)Bi(S(>dl). From(1,1.2)- 

bioiiio-toluono sulpiionio aeid by ifftration, and 
ii'duotioii (S.). Ne«-db'S (from water). V. si. 
Sol. water. • Ba.Vo4a(i. 

Bromo-niiiido-tolueno sulphonic acid 
C,.n,Me(NU,llb-(SO,H) fl:2«>;l:0]. 8.3-2. From 
(1 ,l,8)du()im) lobu’m* sulphonic acid by nitration 
and ivtluetion (Seliiifer, A. 174, IbJO). Prisms 
(from water). Jboniino-waler gives tri-bromo- 
toluidine [72 BaA^'daq.- NaA'.;2iu|. 

Bronio-amido toluene sulphouic acid 
C,lUIe(Nll,)Br(SO,H) [l:l:r:2]. 8. -28 at 20'. 
From boiling aqueous j)-toUudine o-sulphonic 
acid and hromiiu* (Jens.'ien, A. 172, 280; ]}. 
7, 65). Needles (from wnti'r), V. si. sol. boiling 
water.—KA' nq.—BaA'., 7aq. 

Bromo amido-toluone sulphonic acid 
C.U.Me\N»L)Br(SO,U). S. -19 at 20®. From 
o-tuluiduio sulphouic acid by conversion into o- 
tffoiuu toluene sulplionie acid, nitration, and ro- 


i aniyleiie {(J.v.) and bromine. NeiMllea or plates. 

V-S-di-bromo-isoamyl-bcuzeno 
rh.CUBr.CllBr.CH(ClJd,. [128*-I20®j. From 
: plienyl-lso-aniyleno and Br (Scliramm, A. 218, 

I 3'.)1). Needles (from alcohol). 

I Tii-bromo-isoftmyl-benzene C,,n,.,Brj. [140®], 

I Obtained by brominating iso-amyl-bonzene at 
I 100 (Bigot a. Fittig, A. 141, Idl). Needles. 

BROMO-IgOAMYLENF. C,U,,Br. VenUnyU 
^hroniide. (100*-110®). From ‘isoamylene * by 
Bueeosaivo treatment with bromine and alcoholio 
KOIf (Buuer, A. 120, 107). Successive treat- 
' meat with cone. H,SO, and water forms amylene 
. dibroinide and a ketono (Bouchardati 

, C\ B. 93, 310). 

u-Bromo-iso-amylene Fr.CIPGHBr. 

i From isovaleric aldehyde by successivo treat- 
\ ment with FCl,Br, and alcoholic KOU (Bruylauta, 
' B. 8. 400). 

7 -Bromo-n-aiDylene rH,:CBr.0H9.0Ha.C^ 
(123®). S.O.&l'lO. From motbyl propyl kctona 



BROMO-AmtNR 


sn 


fcv laeotssire treatmant with P01,Br,‘ uii aloo- 
hoUo KOH (B.). 

Bromo-amylene C,H,Br. (111°). From di- 
bromo-hezoio ooid CH,.CHBr.CBrGt.CO,H and 
eold aqneous Na^CO, (Fittig, A. 21)0, 30). 

Bromo-amylens C,H,Ur. (115°). Froraiso- 
valerylene and HBr (lloboul, A. 1807,17.')). 

Bromo-amylene 0,H,Br. (o. lO(l’). S.O, D 
1173. From isoprcne C.Hjaml HUi (Boucliar- 
dat, /. 1879,577). 

Bi-bromo-amyleno O^IIsBr.^. (c. 170*). From 
isovalcrylcnc and bromine (Hcboul, .^1.195,379). 

Si'bromo-amyleae i.e. •Fr.CUr:CUBr. 

(175*). From isopropyl-ncetylcne and Br (Bruy* 
lants, B. 8, 407). 

Bt'bromo-amyleae C 4 H..Br. Pr.CBr:CTIBr. 
(190°). From n-propyl-afftvlcne and Br (B.). 

EROMO-AMYIENE QLYcOL CJl,Bi^OH),. 
From amyleno dibroinlde by sncccssivo trontniont 
wilhAgOAc and solid KOH (Bam^r,IHtU, 001). 

TBI-BROMO./nISOAMYL.TOLUENE 
C,aH,jBr 3 i.c. CJlMfBr,.CJI,,. From /> isoamyl- 
tolueno and broinino at 100*. Sticky liquid 
(Bigot a. Fittig, A. 141, l .^>). 

TRI-BROMO-ANETHOL C,JI„Br,0. From 
aricthol ami Br. CrystalR (f'uliours, .•!. 41, 00). 
BKOMO-ANILIC ACID v. Di }iu«>M 0 -i>t'OXY> 

Ql’INONK. 

o-BROMO-ANIblNE OJI.BrN »>• 
CJI,Br(Nll,) (1:9J. Mol w. 172. (229° 

1. V.). From o-broino-nitro liou/.on'’ by ri'diic- 

tiori with tin and IlCl (Fitlig a. /». 7, 

1175). 

Acetyl derivative C„n,BrNILVo. o-]>ro’ 
/tj. [99“^j. Long lui dlo.s (Korm’r, 

a. 4. 990). 

w.BromoaniliiioCJI,Br{NlI.,) [1:;B. {18°]. 
(261°). Furmation,--!. From m-bromo-nitro. 
ecno (Fittig a. MM:or, B. 8, 1301).—2. rn-nilro- 
dia/.o-ben/i-nc Rulphato (from ni-nitranilino) n 
treated wiih a hot solution of cuprou.s bioiuido 
and the crude fn bromo nitro-bnizono n duct-d 
with tin and HCI (Sandrncyor, />. IH, 1495). 

Acetyl derirativc CJI^BrNllAc. {88^]. 
Needlea (from dilute alcohol) (Schuufohn, A. 
231.175). 

M.Brorao-aniliD© C,H,Br{Xn..) [1:4]. [02 ]. 
(Mills, P. JIf. [.5J U, 27). [00 J (Kcu ricr, /. 187.*, 
342). 

Fonimfmu.—1. By rodnoing p broiuo-nilro- 
bon/cno with tin luui IlCl (Kiclie a. B6r.ard, A. 
133, 52 ; Filtig a. Miig» r, B. 7, 1175; H, 1301).— 

2. By bromination of acetanilidi' and di'-tilla* 

tion of the product with KOH (Mills, P- '■ .4] 
49, 21; Pr. 10, 589).—3. By dislilling brumo- 
isatln with KOH (Hofmann, A, 53, 42).—4. In 
imall quantity by brominnting aniline with hr 
rapour or in benzene solu.Moii (Ktktil6, if. 1800, 
587). # 

ProfCJ-firs.—Trinictrio crya^ls; insol. cold 
vatoT, V. Bol alcohol and rther. Decomposed 
m boiling, ''iving aniline, and di- and tri-brWo- 
miline. 

licactions. -1. HCI at 100° gives aniline and 
U-bromo-aniline (Fittig a. Buchner, A. ih.8, 23). 
I Sodium acts on it in ethereal solution form- 
ng bonzene-azo benzene, aniline, and NaBr 
Anschutz a. Schultz, B. 9, 1308; Claus a. 
Icques, B. 16, 909).—3. Bv dissolving in cooled 
oming HKO, it is converted into tii-nitro-aniline 
picramide) (Hager, B. 18,2678).—4. By nitra¬ 


tion of p-broraftniUne dissolved in M pta. ol 
H^SO^ bromo-nitro-aniline C«H|Br(NOj(KjB[A 
([4:3:1] is produced (NUlting a. Ck>llin, JB, 
17, 260).—5. Cyanogen forms a oompoand 
C«n,Br.Nli.C(NH).C(NH).NHCJI,Br [245°]; 
white plates (from alcohol) (Sciif, J. pr. [2] 85, 
530). 

Salts.-B'HCI; monoclInlc.-B'.HPtCl.,— 
B'HIlrjiaq: monoclinic pri..<mH (StHcdol, B. 16, 
28 ).—B'JLsO,: lamina*. B'.ILO.O,. 

Formyl derivative C,U Br.NH(CO.n), 
[119°]. Long white ncodlcs. Ins<>l. cold water, 
si sol. hot water, v. sol alcohol and other, 
I’jN'pared by heating p-bromimiliuo witli formic 
clIuT, or by broniinating formunilidc (Donustedt, 
B. 13, 231). 

Thioformyl derivative 
CJIJ3r.NIl(C.S.a) [190°]. Needles. V. sol. 
hot other and alcoliol Preparrd by the action 
. of llS^ on tiio preceding body (Donnsledt, B. 13, 

1 2‘h*)* 

i AC' tyi deiirative [166°]. From acetanilide 
in glacial lk).\o and Br (Kcmmcrs, B. 7, 346; 
(liirke, JJ.S, JIU). Also from p-brnmo-jiniliiio 
mill Ac('l (K'lrncr, (/ 4, 329), or aeetnmido 
; (Ki lbo,/L lii, 1200). Monoclinic pii.mis: o;6:c» 

! l’.»3S:l:l-43.j (I'aiichianco, (/. 9, 357). M. sol. 

I alcohol, V. si. i'"l. Wider, 
i I^xobutyryl derivative 
! C..ll,Br.Nir.C.il,0. [128°]. h'rom isobutyryl- 
nnilino and Br vapour (Norton, 7, 117). 
Needles (from alcohol). 

Bcn:oyl derivative 0,1 TJlr(N 11 Bz). 
[202*]. From benzanilido and Br (Mcinecko, B. 
H, .501). 

0j: a /yI dvi irativc 0^,0.,|NU.C,iH,Br) 
[.iliove 2(H) j. From I5r and o.xanilitb' in IlOA** 
(Bytr a. .MixfiT, Ain. 8, 3.51). 

Di-bronio-aniJiue OJl.Br (NIL) [1:3:4]. [79'^J. 

F'jrmalion.-- 1. By saponifying dibrominated 
n<-i tanilid() ((Jriesw, .4.121, 200), or bniminaled 
0 - or 2>-L.o.m/-arr'laiiilrdo (Korncr, 0. 4, 329).— 
2. Together willi mono- and tri-hromo-aniliiio by 
iMi'ininating aiiiliiio (Kekub'r, K. 2, 035). -3. By 
diiUilling di-brufno-isatia willi KOlI (Hofmann, 
A. 5:3, 47). —4. T«»gi tlier witli mono- and Iri- 
hromo-aniliiic by lii-ating nitrobrn/.ouo wrtli 
cone. JiBrAq at 190° (Baumhauer, 712, 122; 

, /i. [2] 5, 19H). '- 0. By reducing di-bromo uitro* 
^ ben/eno (Wursler, B. C, 1491). 

IVo/iCo/iV.s'.—Needb a or long plates. 

Sails -B'JICI- -B'JI.l'tC),. 'BVLSO,. 

A cclyl derivative CaHiBr.NJJAc. [146*]. 

Benzoyl derivative CJIil3r„NBz^[l:3:4J? 
[131'!. From benzanilido and Br (Iliibnov, Jt, 
10,1710). 

j .s-di-bromo-aniLne [1:8:5], 

[.57'’]. From p-niko acetanilide, by Kiiccessivs 
; »’onM rKion into nitro-ani’ ne, di-bromo-nilro» 
^aniline, and di-bromo-nitiju bonzenc, and reduo- 
. tion of the product (KOrncr, G. 4, 308; Langer, 
I A. 215, IKi). Needles. 

Di - bromo - aniliue CJI,Br;j(NHJ [1:2:4]. 
[80°]. From the corresponding di-bromo-nitro* 
benzene [58°] (Komcr, (/. 4,370). 

Di - bromo - aniline C,,H,Br^(NlL) [1:4:3]. 
[52°]. From the corresponding iiitro- compoand 
[85°] (Riche a. Borard, C. li. 69,141; Meyer a. 
Stuber, J. 165,180). 

Tri-bromo-anillne 0«H(Brs(NH|) [l;8;5:6], 
[119°]. (300*). 





»qtt^ Boluiioa ft Mdi of 
w^ft ^riiBMho. i. 44,291; /. or. 28, 204; 
Hobnaim, A., 68, 60).-2. By the action of Br 
on 0 - or p-bromo-aniline (Kdrner, (7.4, 305).— 
8. By reauction of tri-bromo-nitro-faenzene (K.). 
4 . Together with aniline and di-bromo-aniline 
by the dry distillation of ^?-bromo-aniline or by 
he&ting it with HClAq at 160° (Buchner, S. 8, 
8UV 

PrrparaiioJi.—Bromine (500 g.) is gradually 
added to aniline (100 g.); es soon as a solid mass 
is formed glacial acetic acid is added and tlic 
addition of brftmine continued until the mass 
ims a red colour. The product is washed 
with dilute alcohol and water and crystallised 
from alcohol (II. Silbeistein, J.pr. [2J 27,101). 
Ybld 80 per cent. 

Projurtics. - Long colourless noc dlos. 

Iteadhiis.- 1. N^O, pasai-d into tri-bromo- 
aniline half dissolved Jmlf suspended in alcohol, 
gives a yellow pp. of tribrorno-diazo-benzono 
nitrate.- 2. Converted by dfuro-rcac/tons into 
s•t^i•b^omo-b(Ulzerle and into n telra bromo-beil* 
acne.—8. Cone. UNO, gives di-bromo-di-nltro- 
methane, tetra broino qirmono, ?t-telra-bromO‘ 
benzene, picric acid, and oxalic acid (Ijusanitsch, 
B. 15,172). 

Halls. Tiio salts arc very unstable, and 
cannot be formed in nqneoii.s solution. lI'llHr: 
small white needles llt)n‘j, iiisoh ether and 
benzene; decomposed by water.-B'llCl: small 
whili' needles ((iatlermann, li. 10, 005). 

Acetyl dcrivnft i>c CJl^lhjNH\o. (252’] 
(lleinmers.ii. 7, 810). 

lHacet!i 1,1 cr ival he C,11 Br,,NAc,. (128®). 

Tri-broiuo-aailino (I„1 j .lir,(NH,) fi:2;:h5]. 
(above 150'J. l-’roin lii komo-nitro-bt «!zono 
Ul2®j (Komer, G. 4, 82?i). Its salts arc not 
decomposed by water. 

Tctra.brouio-aniUno C, .lIUr,(N I],) [1^::5;5:0]. 
[115”J. I’lTinod by broinitniling m-bionu). 
aniline, or (I, 4,3}-di liromo auilmi' (Kiuiier, 0. 
4,828; Wurster n. Nolling. JL 7, 150t). Is a 
by-product in tbo uelion of bromine on nilro- 
benzeno in presence of I'e.Ur,, (Sehoiifelen, .t. 
281, 101). Needles. CVmvecteii by the diiizo- 
- waetion into «-tetra-bromo-ben/.. ne. 

Fenta-bronio-anilino C^Ur^NK,. [222’). Ob¬ 
tained by bronunuting (1, 8, 5)-di-bromo-nnilinc 
(Korncr, (/. 4, .808). Largo needles (from 
alcohol mixed with toluene)! # • 

BROMO-ANIUN£ 80LFH0N1C ACID v. 
BnOMO AMinO-UKNZENR SULrilONlC ACin. 

BUOHO-ANISXC (ACID u. Methyl derivative 
(/ Bimifo-oxY-iniNZoic aoid.« 

BROMO-ANISIDINE v. ilfcf/iyMJROMO- 

AAIID«n|>UBNOL. 

BROMO-ANTHRAqESE 0„n,Br. [lOO’]. 

Obtained by wanning anthracene dibrotuidc. 
Needles. Forms a red picric acid compound. 

(4.1,2) Di-brorao-anthracone 0, [221®]. 

From Br and anthracoue in CS, (Oraebe a. Lie- 
bermann, A. Unpyl 7, 275). From triphenyl- 
methane in CS, and bromine in sunlight (tri- 
phenyl-methyl bromide being also formed) (Allen 
ft. Kblhk«r, A. 227, 102; 228, 251). Golden 
ftoadles tfrom tiduene); may be sublimed. V. si. 
•ol. alcohol and ether. Alcoholic KOH at 100® 
forms ftulbraceae. Dilute HNO, gives aothra- 
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150“ (Mer,^ 182, 3C7j. Golden iahhs(f,m 
alcohol). Oiiuisos to di-brorao-antbraguinone. 

Tri-bromo-anthracefleOjjH.Bra. (A. 1, 2. B.) 
[ICO®]. Formed by heating {A, 1, 2)-di.bromo- 
anthracene tetrabromide (G. a. L.). Yellow 
needles (from benzene). Oxidised by HNOj to 
bromo anthraqninone (Claus a. Ilurtol, B. 14, 
970).—Bromide: C,,U,Br,. 

Tetra-brcmo-anthracene 
C„H,Br^(4.1,2,B.l,2)?[254®]. Fromdi-bromo. 
anthracene tetrabromido and alcoholic KOH 
(Anderson, A. 122 ,804; G. a. L.). Yellow needles 
(from xylene). Gives di-bromo-authraquinone 
on oxidation.Bromide: Ci^H^Br^ [212®] 
(Ilummorsehlag, B. 10,1212). 

Penta-brorao-anthraceue C, ,H Br,. [212®]. 
Formed by heating telra-bromo-authracene 
tetrabromide at 280^' {II.). Yellow powder. 
Oxidises to tctra-bromo-anthratiuiuonc. 

Hexa-bromo-anthraceae C,,Il.Br,i. [310*- 
820®). Prepared by llu! action of Br in presence 
of I on di-bromo-anthracono (Biohl, B. 11,178). 
Oxidised by K,Cr,0. and ILSO, to Iclra-bromo* 
anlliraquinonc [c. 80t) j, 

Hoxabrorao-authraccne C„lT,Br„. [above 
870^j. Frun C,,lI,jBrH and alcoholic NaOH (IL). 
Silky yellow needlea (from kerosene). Oxidation 
gives lotra-bromo-anthraiiuinono [above 870®). 

Hepta-bromo-anthTaceno CiiHjBr,. [above 
8.50’). Prepared by the prolonged action ol Br 
at 200® in presence of 1 on di-bromo-anthracene 
(D.). Yi’llow necdlrvi. Insol. alcohol and ether. 

Octo-bromo-anthracenoC,,H ,Br,. Formed by 
very piuloiigcd aelion of bvomido at 3G0® 

on hcpt.a-bromD-anthiai'one (D.). Needles. Insol. 
most onliuury solvents, si. sol. nilro beiizcne 
and aniline. 

(.4.1) - BKOMO - ANTHaACENE-(4.2)-CAR. 
BOXVIIC ACID p66»]. 

Formed by the action of bromine upon anthra- 
ccno-(4.)-c:udK)xyUc acid in acotic acid. Long 
gUstoning yellow noodles. Sublimable. Sol 
alcohol, ether, and acotic acid, v. si. sol. Itenzene 
ami water. Its solutions have a blue fluof- 
cseonco. Fivolvos CO, at its melting - point 
leaving bromo-anthraccne. 

Salta.—AgA': yellow microscopic prisms. 
—KA': long very slender yellow needles.— 
BaA',: yellowish needles (Behla, D. 20, 704). 

BI-BROMO-AKTHRACENR BISULFHONIO 
ACID 0,,H„Br,(SOjH).;. l*V)m di-bromo-anthrft* 
ceno and fumii^ II,SO, (Perkin, ^ J. 24,19). 
Oxidises to anthraquinone disulphonic acidl 

b^alts.—Na,A'.—BaA". 
BROMO-ANTHaANOL C„H,OBri.c. 

.C(OH),, 

\cBr 

[148®-1&1®). Formed by the aelion of (1 mol. of) 
bromine upon anthranol (L mol.) dissolved in CS,. 
Yellowish crystals. Insol. boiling aqueous, bat 
converted by cold alcoholic KOH iato ftft onugft 
K salt (Ooldmanu, B. 20,2437). 


)0.H. ot 



s)»»o>BiWBBmrBib Aom. Jl 


0„a,0Br, 4i. 

0 -«<OTr>°A. AMhraquivum • hromiit. 
[167^. Formed by the action of (rather more than 
S mol. of) bromine upon anthranol (1 mol.) dis- 
foind in GS^ Large rhombic crystals. Insol 
aqueoQs alkalis. By boiling with acetic acid it Is 
readily converted into anthraquinono. 

{B. 1)-BB0M0-ANTHBAQU1K0N£ 

CijHjBrO,. [188®]. Yellow needles. Sub¬ 
limable. Prepared bylieiiting n-bromo-henznyl- 
benzoic acid C,H,Br.C().C\I^^.C(), i^ with 1I,.S(), 
to 180®. On fusion with KOIl it givcierv/Ziro- 
ozy-anlhratiuinoue (Peehniann, B. 1'2, 2127). 

{B. 2) • Bromo • aatbraquinoiie C,,ll;BrO.. 
{187®]. Formed by oxidalinn of tri-broino- 
anthracene with CrO, and U(.)Ac (Gracbe a. 
Liebermann, .1. Siq<pl. 7,2U0). Yellow needles; , 
may be sublitned; si. sol. alcohol, m. so), hoi , 
benzene. Converted by potash-fusion into ali- | 
earin. I 

Di-bromo-anthraquinone ^ 

Formation. — 1. I5y broininating anthm ' 
qtiinone (Graeho a. Lielennanii, A. Suppl. 7. ' 
281); Diehl, Ji. 11, IHl). - 2. By oxidation of : 
tetra-bromo-aiithraceno or di-cliloro-di-bromo- 
anthracene with GrO, (G.a.L.; llunimorschlag, 
B. ID, 1107/. 

Boils with sliglitdecompoHition, 
si. sol. boiling ulcoliol, m. sol. glacial liOAc. 
Potash-fusion at D.'JO-’ gives alizarin. Accoid- 
tng to Perkin (C. J. 37, o51; vriv. com.) tin- 
di-broino anthraquinone formed by the lirst ; 
method molts at for 250^ cor.) and dilTf-rs i 
from that formed by (ho second meihnd, wliich I 
melts at 27.'»' (or 281-0^ cor.) by giving, on 
potash-fusion, not only alizarin but also llavo- ' 
purpurin njul anlhiapiirpurin (tri-oxy-antlira- ^ 
quinone). 

Tri-bromo-autbraquiaoneC^IIiBrjO,;. [180^]. 
Prepared by the action of ]3r in pn s« UwO I 
upon anthraquinone or di-bromo-anthraqninone 
at 200° (Dielil, B. 11, 182). Yellow medlc-s; 
insol. alcohol. 

Tri - broaio - anthraquinone C,,11.131^0^. 

[365®]. Prom penta hromo-iinthracene, Ci'0„ j 
and HOAc (Hammersclilug, B. 10,1213). I'lut ; 
needles (by sublimation). I 

Tetra • bromo - anthraquinone 0,,iI,Br,0, ' 
[205®-800°j. Formed by oxidising hoxa-bromo*^. ■ 
anthracene (320®J or by brominating tri-bromo- j 
anthraquinone {180 '} in presence of I (D.). j 
Yellow needles. .[ 

Tetra • bromo - anthraquinone CiflliBr^O;,. i 
[above 370®]. Formed by oxidising hoxa-bromo- ' 
anthracene {above 370®] (H.). Yellow n<-cd!cs. I 
Penta - bromo - antbraqninone C, JlJJr^O.^. | 
Formed by oxidation of hepta-bromo-anihra- ; 
oene (D.). Subliiuvs with diOieulty without 1 
melting: si. sol. boiling tolucn% i| 

BI-BBOMO-DIANTHBYL C,Jl,,Br,.^ {far • 
above 300®]. Yellow prisms (from toluene). I 
Formed by bromination of diantbryl dissolved 
in C8- (Liebermann a. Girnbel, B. 20, 18o5). ‘ 

BI. BBOMO - AFO PHYLLEKIC ACID j 

O.H^rNO, i.€. CjNH^r(CO,H)(CO,Me) or ■ 

0,NH,MeBr(C0,n)<^®>. Methyl-tthtr oj\ 

Irromo-pyridine dicarhoxylic acidi From bromo-' 
taroonme (a derivative of narcotine) and Br 
(f* Otnobtan, A. 210, 91). Hard prisms (oon-, 


tuning Hq);, sol bol wfAw. .Hi 
: givenoppawithMltiof Fb,Ag,orOu. SmM 
with ooQO. HCl it forma OOf, MeOI, tad i 
bromo-pyridine oarbozylio aoid (?) [190®]. 

• Salt.—BaA',3aq. 

DI. BBOKO - APOPHYLLIK C, 

[229'^]. From bromo-larronine or bromo-apo* 
phyllenic acid ami bromino-waler (v. Gorichten, 
-1. ^10, 91). Six sided tables (eonfaining 4aq); 
sol. water, insol. idher. Alkalis hirm a deep- 
n*d solution. IlCl at l.'iO® ^ives tX)., MeCl, 
di.bromo-pyridin<‘, and di bronio-pyridme mo- 
thylo-chloride. 

Balls. -]niCl.-B"2IICl.-irgi.VtCl..aq.-- 
B"liBr. -B"2HBr, 

BI - BBOMO - ATBOLACtlC ACIB f. fifiA'iu 

imoM'*-a-()XY-a-J‘llKNM,-1'n<'IM.'NrC Af'Il*. 

BROMO - ATBOPIC ACID C„n,BiO, t.c. 
Ph.C.ilBr.CO.JI. KxO‘brumo-aj>lu‘Hjfl.arryUe 
acid. [130 ]. From llio compound of iitrojiio 
acid (1 mol.) with llBr (2 inols.) by boiling with 
water (Fillig a. Wmster, A. 19."), 1G2). .Slender 
needles [from water). 

TETRA . BROMO - AURIN 
Formed l)y brumimiGng aurin dit;Ho!\'4*d in 
HOAe (Dale a. Scluuh nuner, C. J. 3r), J/»2; 
cf. /ulki'wsky, M. 3, IGA). Bronzed crystals. 
Alkalis form violet solutions. 

Salt. • A"Ag.: dark violet insolnhle pp. 

Kill III ether [110®-Ur>’j; micro¬ 

scopic reddish crystals : sol. alcohol, ether, and 
henzeno (Ackernmiiii, /). 17, lG2t)). 

BBOMO-AZO BENZENE r. pp. 374, 379. 

TETRA.BROMO.AZOPHENlNEC,„U,.Br,N^ 
{2t.T-'J. Formed hy healingp-Jiitroso-di-pheiiyl- 
ainine with p hromo-anilinc amlp-bromo aniline 
hydroenluridi' at 100^. Greatly res< inl)l<*H azo- 
piienine (0. Fischer a. llepp, JJ. 20, 2181). 

BROMO-AZO-TOLUENE r. p. 391. 

DI-BROMO-AZOXY-BENZENE r. p. 427. 

BROMO-AZOXY-TOLDENE v. p. 428. 

BBOJO - BARBITURIC ACID CJl,nrN,0,* 

i.e. ;^||^CO. iiroMto-nwfoni/i-ifri’a. 

Vreide of bromo nudonic acid. From di-brouio- 
harhituric ae.icl hy re4Uiction with Na or Zn, or 
by (‘VHporating with aqueous IICN (Biuyor, 
A. I'lO, 131). Small neeilles; si. sol. cold 
water. 

Salts.—Nil,A'. -• ZiiA'jjBaq. —ZiiA'.^Caq 
(Mulder, B. 12, 2:;09). 

Di-bmiq baibiliric acid C,lLBr,.N.p,. Di- 
bromo-iiuibmiiioiica. Formed by tlie action of 
Br on barbituric, nitro baihiluric, nilruKo-bar* 
biluric. and hydiirilic acids (Baeyer, A. 127,199} 
130,130). 

FrciHiratioii. — *.^rom di-liroino-oxy-mcthyl- 
uraeil and fuming UNO, (Sehrcrid, A. 236» 
G2). 

Fro7)crh>.<(.—Trimetrijg crystals. Sol. water, 
V. sol. not alcohol and etJi'j. 

JlC'irtions.—l. Boiling viatcr forms alloxim 
and JlBr.—2. Ill reduces it to hvdurilic and 
barbituric acijls. -3. IJ^S forms dialuric acid.— 
4. Bromine voter forms CO, and tri-bromo- 
acetyl urea. -G. Alkalis form CO„ tri-bromo- 
acetyl urea, and bromo-barbituric acid. — 0. 
ThiO'Urea forma so-caliod thio-pscudo-uric aoid 
C,N,1I,0,S (Trzeinski, B. 16, 10G7).-7. Pofo#- 
Stum tulphocyanvie forms sulphocyano-barld* 
iurio aoid 0,N,H,S0, (T.). 
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Mid sq. 

Prismi rnwyer, A. 130, 145; cf, p* 440). - 
CBHiBr-N^O.HBr. Prisma, ▼. al. sol. water. 

DX.BROMO'BEHENIC ACID C„H^r,0,. 
(48®]. Frora eracic acid ana bromine 

(IlAUSsknec)it, A. M3, 40; Otto, A. 135, 220). 
Nodules. Converted by alcoholic KOH to bromo* 
eriicic acid, C.,lI„Br 02 and behenoHo acid 
C;,H4,0,. Moist AkjO loniis oxy-erucic acid^and 
di-oxy-bohcnio acid. Sodium amalgam lorrii!) 
orucic acid. Halt s.— BaA',^.- PbA^ 

Bi.bromO'bobenie acid C;j.n,.dlr,;0^. (54®]. 
From broHsio acid and bromine (II.). Itodiicod 
by sodium-amalgam to brnssic acid. Aleoliulic 
KOUat 220® gives bohonoUo acid. 

TrUbromO'behenic acid C^H^BrjOj. [32®]. 
From bromo-crucic acid and broinim! (H.). 

Tetra'bromO'behenicacld C.Jl,ul>r,0;,. [7H®]. 
From bohonolic acid and brumine (II.). 
liainimu (from alcohol). 

BROMO-BENZALDEHYBE l’. Ili:oMO-RKNZOlC 

il.liBIlVDR. 

BEOMO-BENZAMIBE v. Amide of ]!uum.>- 

DBNZOKJ ACIII. 

BEOMO-BEHZANILIDE v. Anilide o/Kiiom- 

IIBN/.IIIC ACID. 

BEOMO-BENZEKE C.U.Br. Pliimi/l bromiih-. 
Mill. w. 157. (W). S.U.'7 1- I'.ni. ,1, l-67Hii. 
Ila55Hl (liii.hl). a.V. no-!) (Schill, II. HI, 
504). Vujiouy pressure i Itumsuy a. Young, 
C./. 47,010. 

Fonuathn.-^l. From bromine and bonzono, 
cillicr boiling or in Bunlight (Coupor, A. CK [3j 
52, 301); Schramm, B. 10, 000). The reaction 
is pronnitcd by thoiircHcnce of I (z\dor u. Kini(‘t, 
li. H, 1287) or AtCl^ ((Jrc<mo, C. It. 00, 40; 
i.eroy, IH. [2] 48,210).—2. l'\)riin‘d by running u 
soltilion of NuNO.^ into a hot solution of Cujir^ 
and aniline in dilute Il-^K(), (Huudiuoycr, B, 17, 
20.52). 3. By healing diai^ola-nzenc with a largo 
excess of strong HBr; theyicld is^32 of tbu 
llieoietical (thvsioiowski a. Wuyiia, Ji. IM, 1038). 

4. From idionol and bromide of phosiiliorus 
<Uiche,/I. 121,3.57). 

/'nyv/fii .s.—Oil; not attacked by KOII, KCv, 
or AgOAc. 

Itiactions.—l, Boiling with Al.Cl,, produoi s 
benzene and di-tromo-bonzenes (Dumrcicher, 

B. 15. lHiI7). - 2. Converted in the animal sys¬ 
tem into ;i-bromo- phenyl ■ mcroaplurio acid 
(),,lln,BrNSt)„ p bromo phenol.bromo pyrocatc- 
chin, and broino-hydro<iuidone (Badmunn a. 
PreuBso, If. 3, 1.5tr; JiUfo, D. 12, lth)2).—3. 
Converted bycono. 11.^80, intodi-bromo-bonzone 
siilpimnic ncid and ^romo bcn/.oiio di-sulphonio 
acid (IJerzig. M, 2, 102).--4. C1S0,1I forms 

C, .H,Br(SO,in [1:4] and CJl.Br.SO.,,C*lI,Br 
t Hi‘«‘,kurts u. thto.B. 11,2001).—5. Heating with 
iMeONtv gives C„HjOMo and phenol (Blau, M. 7, 
021). Acconling to llitticu {H. 17, 2034) there 
is a second bromo-benzene [e. t»2'). 

c Di-bromo-beniene [1:2], [-1°]. 

(224|^), S.O. 9 2'003. Formed in small quan¬ 
tity in preparing pHh'hxemo-bonzcne from ben¬ 
zene and Br (Uioso, B. 2, 61; A. 164, 170). 
Formed also from o nitraniline viA o-bromo- 
nitro-benzone (KOrner, G.4, 833). HNO, forms 
chiefly di-bromo-nitro-benzene [68®]. 

wi-Di-bromo.beuzMt C.HjBr, [1:3J. (210®). 

5. U. ’7 1055. 


From (l,8,4).Rl«broiao>Aai* 
line (Meyer a. Stdber, A, 166, 169).^3. B^om 
e-di-bromo>amHne.'»8. From m-di-nitro-benzene 
vid m-nitro-aniline, 9n>bromo>xutro*benzeQe, 
end w-bromo-aniline (K.).—4. Together with the 
p- isomerido by the action of Br on benzene in 
presence of Al^Cl« (Leroy, Bl. [2] 48,211). 

Pro})erties. —lla.s not been solidified. Yields 
with HNOj two nitro- derivatives [02®] and [83®]. 
Sodium acting on an ethereal solution forms 
diphenyl, C^HjJlr, [220®] and C„n,,nr, [250°], 
(Ooldschraiedt, M. 7, 4.5). 

^/-Di-bromo*benzene CJi,Bra [1;4J. [80®]. 
(210®). H.V.S. 127-8 (Schiff). 

Fortnation.—l. By broniination of benzene 
or bromo-bonzene (Couper, A. Ch. [3] 62, .302; 
Bicho a. Bdrard, A. 133,61; Rieso, A. 164,102; 
Jannasch.i?. 10,13.55).—2. Fromp-diazo-brorao- 
bonzono perbromide by heating with alcohol 
(Gricss, C. J, 20, 00).—3. From p-hromo-phenol 
and FBtj (A. Mayor, A. 137, 210).—4. From bon. 
zone, Br, and Fe^Clj (Schoufelen, A. 231,183). 

Prcixiralion. -1. By treating benzene with 
Br and a little I.—2. Bromine (OOO g.) is added 
slowly to bonzono (210 g.) and ALCla (30 g.). 
On abiding water in excess, the product de¬ 
posited consists of crystals of the para- com¬ 
pound, with an oil, consisting chiotly of the 
meta- compound. This oil, however, contains 
Bomo para-di-bromo-benzone in solution. To 
B(?parato this, the oil is treated with fuming 
ILSO^. Tlio meta-doriv.ativc is easily sulpho- 
nated in tliis way, but the i)ara- is not affected. 
On adding a largo excess of water, the solid 
CJI,Bi\ [1:1] is ppd., and tlie clear solution of 
the incta-sulphonato distilled with steam gives 
Cjr,Br.,[l:3] (Leroy, 73/. [2] 43, 211). 

Properties .—Prisms or plates, isomorphous 
with p-dl'C'nloro-bcu/.cno (Frledd, Bl. [2] 11, 
33), Hulilioiahle. SI. sol. alcoliol. 

^flcadhns. — \. Ih ated for 30 minutes with 
ALCl„ (^ part) giv<'s C„ll,Br, C„ll,Br. [1:3], and 
two trlbromobcnzcnos,C,;ll,Br^ [1:2:4] and [1:3:6] 
(L.).-'2. UNO;, forms a iiitro-derivative [85°].— 
3. In ethereal solution sodittm forms diphenyl, 
di-j)hcnyM)cnzcnc, and C,JJa.Br;{ [265’] and 
C,,H,,nr, [300’) (RIoso, A. 164, 164; Gold- 
sclimiedt, ilf. 7, 42).—4. McI and Na form j;- 
xylcno.-5. AVaOlOt at IDU® gives CJI,BrOEt, 
bromo-ber»/.enc>, and benzene (Balbiano, Q. 11, 
401).—6. NaOMc forms CJI ,Brt)M<'. C,H,(OMe), 
ana C,H,(OMc)(OII) (Blau, .17. 7.621).—7. Con- 
„vcrf<‘d by cone. ILSO, inl<» tetra- and hexa- 
bromo-benzeno {Herzig, M. 2,102). 

c-Tri - bromo - benzene C^IIjBr, [1:2:3]. 
Mol. w. 315. [87®]. From (l,3,5,2)-di-bromO' 

nitro-anilino r/<i tri-briuuo-nitro-benzcne, and 
tri-bromo-nnilino (Kufncr, G. 4, 401). Tables 
(from alcoholf; may be sulTlimed. 

' s-Tri-bromo-Senzene C.fLBr, [1:3:5]. [110°]. 
(278'^. Formation,— From ordinary tri- 
bi'omo-aniline (Stitber, B. \, 056; A. 165,173; 
Rcinke, 4. 186, 271; Bassmann, A. 101, 206; 
Silhor toin, pr. [2] 27.104).-2. From (1,3,5). 
di-bromo-anilino (K.).—3. la small quantity by 
the action of light on bromo-acctylene (Sa- 
banojclT, J. R. 17,176). 

Frotvr/jVs. —Needles (from alcohol); si. sol. 
alcohol. Boiling cone. H^SO^ forms bexa- 
bromo-benzonc (Herzig, AC. 2, 107). NaOMc 
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foi!miOaHjBr|(OH)aadO|H»Br;jOliIe[77^{BlftQ, (800 gi), F«,OI« and benzine (17 g.) iu the oold. 
if. 7, 621K Good yield (110 g. instead of 119 g.) (Soheufelen, 

«*Tzl'bromo*baiu6ae 0,H,Br8 [1:2:4]. [44*]. A. 231, 189). Proptrties ^—Long neodlca (^m 
(275®). J\>r»na</on.~l. From hexa-bromo* toluene). V. si. sol. alcohol and tolneno. 

benzene and alcoholic KOH (Mit^chcr)ieh, P. • BROMO-BENZENS o>SBLPHONIC ACID 
35, 374; Lassaigne, liev. Scient. 5, 300), - O^H^Br.SO,!! From o-.amido-)>enzonB sul* 

2. From (1,3,1)-di-bronio-phenol and Pllr^ ; phonioacid (BenuUen a. Limpricht,.!. 177,101; 
(Mayer,j<.137,224).—3. From (1,3,4)-di'bromo- ; Ihiljlnmim, ,d. 181,203; 180, 315). Long deli* 
aniline (Griess, Tr. 154, 007).-4. From o-,trt-, ; miesocnt invdlea; v. e. sol. alcohol. -NILA'.— 
and />•, di-bromo-benzono by nitration, reduction, i K.va»|. — BaA', aq. — BaA'. 2:u|. — Ca.V', — 
and diazotisation (K.).—5. Got from each of i PbA'... 3aij. —AgA'. 

the dibroniobenzcm'S by heating witli wabir and Chloride C„!I,nr.SO..Cl [^1*]. 

bromine at 2.50* (SVroblowsky, A. 11)2,220).— Amide Crtll.Br.SO^Nli. (18(5"^]. 

6. From benzene, bromine, and Fe„Cl^ (Schen- Bromo*b8nzene m-siilphomc r cid 

foleu, .1. 231, 188).—7. As a by-prodnet, iji C,.n,Br.SO;,n [1:3]. From amido-benzeno m- 
the prejiaiation of C„lI,Br; by the action of Hr.. ' siilplit>nic acid (BiTiul-^cn, A. 177.1)2). l'\>rmed 
upon Coify in pivsenoo of AIXI^ (Leroy, Bl. [2j al^o by broininating benzene sulphonio acid or 
48,213). Propi'rties. -Nei.-dles ; si. sol. alcohol, itn .silver salt (Boss Garrick, I2i o, Oil); (h*n/., 
s-Tetra-bromo-benzene CJLBr, [1:2:1:5;. B. 2, 405; NOlting,/). 8, BID; Thomas,/I. 1 HO, 
Mol. w. .'{Dl. [175 1. Formation.—1. From p- 133). Very deliquescent. KA'aq. fi. (of KA') 
di-bromo-benzene and Br at 150^ (Uicho a. 4‘J at ))\-- PbA',. 2j'q* "PbAVhiq. -'-H. (of PbA'J 
Derat'd, .1. 133, 51).—2. From v/ tri-broino Is n- .5‘78 at 7*.— l).'i.V._,2aq. S. (of BaA'..) 3‘5 at 14®. 
zeno ami Br, 3. From nilro-benzeno and Br CnA',. AgA'. 
at 250^ (.Meyer, B. 15, li’o,— 1. From benzene ; Chloride C,.lI|Br.SO.Cl. Oil. 

(30 g.), Fo3y],j (5 g.), and bromine (210 !'.); tlio I .1/a LL: C„I1 j)r.S()..Nli... [1.54®|. 

mixture mu-t be cooled (Sclti'ufeh ri, .1.231,187). i Bromo*beuzcno- p-sulphouic acid 

iVq^)»rft(?5. -r;ong ncc'lles (from alcohol). | C„lI,Hr.SOjH [1:1] [88'’). Belique.-ecnt needles. 

7^•Tetra-bronlo-bou^cne C„iI.Br, [l:2;3:5h ' Fonnofiou. —l. By snlphonating bromo* 

(98'5^]. (320 ■). Fonivifion. —1. From (l,:t,5,2)- hen.'.ene with 11.80,, 0180,11, or SO, (Conper, 
tri-bromo-pln.Mioland PBi\ (Korin r, .4. 137, 21 h; C. H. 45, 23(1; Boss (larriek, Z. [2) 5, 549; 
Mayor, A. 1.37. 227). -2. From [1..3.5,2) Iri- Arm<troM;i.12] 7, 321; NOlting, B. 8, 591).— 
bromo-aniliiK! i.Wiir.sli r a. Nollim', B.l, 1501; 2. Ihomp-amido-benzeiinsulphonioiicid {Moyer» 
V. V. Bicliter. /:. .8, II2S ; Sills rst- in, J. pr. [2] A. I5i‘., 291 ; Bi rndsen, A. 177, 92). 

27, 118). 3. From C,.HBi ,S(»,U hy hoaliii;; 75.n*f/<.'«i-.— ThoK saltdistilh'd with K.FcCyi 

with HC! (B i.Miiiinn, .1. 191, 224). - 4. One uf givi .s ferephllmlonitrile. 

tho prO'li:ct:j ol,laine<l by heating Iri hromo- ■ Salt.*?. {(IO'^lielJ, B. 8,352; A. IhiI, 9:{).— 
diazo-benzi'iio nilrahtwith lunzi ne (Sil)»ei>tein, Nil,A'. KA'. Cu.A'./2ai]. BaA'^. I'ltA'/iuq.— 
J. .pr. [2] 27, 110). J*io/‘er!irs. Long m fdl. s, PbA' . -ZnA'._. (Jaq. • On.V.Onq. AgA'. 

V. si. sol. ii!.-oliol. II.NO-, (S.G. 1*50) gives a Chloride C,4I,Br.Sd...CI. (75''J. 

nitro-derivative '.nj’j; fuming UNO, (S.0.1'51) Amide [BU''] (Biissmami, A. 1!*1, 217). 

gives a di-nitro- ik-rivativo [228®]. Ace^tfl-amide C,.Il,Br.SO.,NIlAe. [199®]. 

Tetra . bromo - benzene C„lLBr,. [IbO®]. Ant^ide C, H,Br.SO,,NHPh* [119"], 

From p-nitro benzoic acid and Br at 280' (Hal- Bromo*bcnzcno di-sulphonic acid 
bor.stadt, i?. 11, !»l 1). Xeedic.s (from alc<;lioi). C*IijBr(SOsIll.^ ;^1:3:4?J. h’roni llie correspond* 
Tetra - bromo - benzene CJIdtr,. [1.38-]. ing aniido-benzeno disul)di(»Mic m id f/.imh i. A, 
From 2 >(U-bromo.henz*'iie and boiling cone. 198,28). Deliquescent needli.s.- BaA''3a-j. - 
il.SO, (Iler/ig. .IL 2, 195). One, if not both, PbA"uq. 

of the two lasl-m- ntiuiied bodies i.s, doubtless, u Chloride C„II,Br(.SO.CJ).^ [101 ’j. 
mixture. Amide C,.II,Br(SO..,Nfr(210 ). 

Penta-bromo-benzone OJlBr... Mol. w. 473. Bromo-benzeno di*9ulphouic acid 
[200®]. Formiilion. —1. From Br and nitro- ; CJI,Br(SO,II).. [1:2:4]. 

bonzeue or (li riiti'o benzene at 250® (Kekule, .4. 1 Formati<^i.—\. From tho corroeponding 

1.37, 172). 2. I'rom .v-trl-bromo-benzeno and amido benzene disiilphonio acid (Zuiubr, /t. 
fuming H..SO, at ltiO®(Biissmann, d. 191,208^.— | 198, 10).—2. From bromo benzem^ p-Kul[/lionio 

3. From alizarin and Brl at 250® (Diehl, B. 11, • acid and SO, nt 210® (.Suiting, 7f. 7, 1311). 

191). -Silky luedlca; v. si. sol. j 7Vo/>c?fii.’s.—Slender mdiqiKwr nt mrdloii. 

alcohol, sol. benzimo. | K^A"aq. - BaA"4aq. S. (of BaA") G at 22®.— 

Heza*bromo-benzene CJlr*. Pcr-brimw-• Ag,A" 
benzene, [above 315 ]. L By llm j Chloride C,Tr,Pr>T^ Cl)^ [B»3''j. 

action of Br containing I upon bmizene, toluene, J A mide CjIl,I{r(SG 3 > [239®]. 
or benzene-azo-benzene at 250^ 400® (G".s>;ncr,^ Brorao-benzene di.fal^)ionio acid 
B. 0,1505). -2. From Ic tra ' ifimo-quinom? and , ColLBr(SO;,JI).^ [1 or 4 :5r3]. From the corre* 


PBfj at 280® (BuotT. C. 10. 103 ). - 3. From p-di- ! Rjionding ninido - benzene disulphonio acid 
bromo-benzone (or tri bromo-ben/eue) and cone. I (lleinzolman, A. 188,177). DcliqucKcejjtriecdlei. 
IljSO, (Herzig, .M. 2, 192).—4. By heating at j Salts. -(Nir,).A".—BaA"2iaq.—PbA"2iaq. 
3Gb*por-bromo-meihane,per-hromo-etUaue,per- ! Chloride C,.l£JJ*’{SO;,C))a [99®J. 

bromo-butane,per-bromo-peutane,orper-oromo* Amide C^U;,ilr(SOjNII./)j [245*]. 

hexane (Merz a. Woith, B. 11. 2235).—5. By 1 o-Di-bromo-benzene ittlphomc acid 
beating ^nzene with bromine and AI^Br,.—G. | OgHgBr^fSOJl) [1:2:3]. From the corresponding 
By heating pentabromo-phcool with PBr. at 200* | di-amido-benzene aolpbooie acid (Sachfe, A* 
(Mera a. SVeith.B. 16,2890). -7. From Dromine IBS, 153). Deliquescent prisms. 
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S*lif.-KA'.->-B«A',to(l- S. {ot BiUl'J 
■143 it 10*. —CiA', 3iq.— PbA', 8 m. 

OAJor<rfeOABr,.SO,01 [187^. 

Amidt O.H^rj.SO,NH, [315^. 

o-Dl-itomo-besieae lulphODto loid ’ 

C.H,Br,(SO,H) [1:2:4], [07'J. From silver 

broitio-benzene m- orp- sulphonato and bromine 
(r.impricht a, Ooslich, A. 18C, 145). From 
C,H,Br(NH,)SO,H bydiaso- reaction (Langfui^h, 
A. 191,179; Spicgelberg, A. 197, 2fi3). The free 
acid crystallises with 9aq [68^J. 

Halts. - KA'. - NH,A'. — BaA’,2sq. — 
BaA'jSaq. 8..tol BaA',) -3 at lio.—CaA'.- 
FbA', 2aq. H. (b( Pb.VJ -20 at 7“.-AgA'. 

Chloride C,H,Br,SO,Cl, Oil. 

Amide O.H,Br,,SO.,NlL [175°]. 

m-Di-bromo-benzene snipbeslo acid 
C^lJlr^lSO,!!) [l;3:.5j. From dibrominated o- 
orp- aniidu-bcnzcno sulphonic acid by the diazo- 
H^action (r.inipricht, li. 8, lOfiO; A. 181, 201; 
Hchmilt, A. 120, 158; Benz, A. 181, 23). It is 
also a product of the action of cone. Il.HO, on 
bromo-benzone (llerzig, M. 2,192). Crystalline. 

Hnlt.s.-NH,A'.-KA'.-BaA'33;aq. S. (of 
BaA',) 'Og ni 18°. - CaA',8iaq.-X’b.\’ Uaq. 
8. (of PbA'.,)-21 at IH-. 

Chloride C,lI,ltr,.HO.,Cl. [67-5°]. 

Amide C,Iljllr,.S(),NII.,. [203°]. 

m Di-bromo.bonzene salpbontc acid 
C.li,,llr.SO,H [1;3:4J. [80° when liydrated]; 

[110° anbydrous). p'rom C„n..Br,,.(NlIj)SOJI 
[1:3:4:!!] by diazo- reaction (l.angfurth, A. 191, 
184; Bussnmiin, A. 191, 232). Hlendor deli¬ 
quescent needles (containing aq). Hoi. alcohol, 
insol. ether. With IlBr at 180'gives II,HO,and 
»a-di-bn>nio-benzeno. 

Halts.-Nil,A'.—KA'. - •BaA',21aq (B.). ■ - 
BaA'j2uq (B.). H. (anhydrous) 2 at 10° (B.); 
1 at 20° (B.). - CaA'.j 3aq. S. (anhydrous) 
3 34 at 10’.—PbA', 3aq. H. (anhydrous) 1'43 
at 8°.—AgA'. 

C/ilofii/s C„ll,Br .HO,CI. [79"). s 

Amide C,H,ilr-HO',Nli,. [190’] (anhydrous), 

p-Di bro:t>o-benz( nc sulphonic acid 
0,H,,Br.,(80,H) [1:4:2]. [128°]. 

Fomuition.- 1. l!y broinination of silver o- 
or w bromo-bonzene'sulidionate lllablnunni, .4. 
181, 2i)(i; Binipricht, A. 180, 139).—2. By sul- 
phonation of /edi-broiuo-benzene (Ihuiglos Wil- 
liaius, H. [2] 7, 302; lliibner a. Williams, .4. 
107, 117; Wolz, A. 108, 81).—3. From nitrated 
bromo-benzimo 0 - or m-sulplionic a{id4Thomas, 
A. 180, 129; B.).- 4. From brominated amido- 
benzenc o-siilphonio acid (11.). Prisms (con¬ 
taining 3aq), |98°]. Cone. HBr at 250° gives 
II,H(), and y>-di-bronft)-benzene. 

S a 11 s. (.'f. Borns, .4. IW, 3.50).—Nil,A'.— 
NuA' l.fa.i.-- K.Vaq. S. (of KA') 5-79 at 21°.— 
AgA'l.Uq. AgA'3aq. S. (of AgA') 1-09 at 
10°.-liaA',. H. 101 at 10°.-llaA'.aq.— 
BaA',2aq.- BnA'.,.5aq.K.Ca.V,4uq. H. (ofCaA',) 
6-90 at 22°.-CaA', 5aq.-CaA', lOaq. PbA', Sam 
S.(olPbA',)2-50at 21°. - l>bA'..4aq. -CuA',14aq. 

Chloride C,H,nr.(SO.Clj: [72°]. 

Amide C.lI.Ilr.,(s6,,NH.). [193°1. 

Aiilipdridc (d.H,Br,s6,),0. Obtained by 
Ihe action of faming sulnliurie acid ui)on p-<li« 
bromo-benzene. Amorpnous powder. Nearly 
Insol. alcohol, ether, and benzene. By boiling 
albalie it is eonvertod into salts of the ooid; 
very slowly attaohed by boiling water. POl, oon- 


Tsrtt it into &e oUttfitli" (BoMiiwiiD i), t(l 

658). 

ffi-Si-bromo-bMuene di-iolphonib nell 
C,lOr,(S0,H),. From 0,H,(HOJ,(SO,H), (tim- 
pricht, B. 8,290), Deliquescent. 

p-Di-bromo-bensene disulphonio acid 
i C,li,Br,(SO,H)y Formed by snlphonating p-di. 
' bromo-benzene (Borns, A. 187, 3C6). Small 
columns.—K,A".—BaA"4Jaq. 

Chloride C,H,Br.(SO..Cl).,. [101°]. 

Amide C.H,Br,(s6,NH.,).,. [210°]. 

Tri-bromo-benzene inlpbonic acid 
C.n.,Br,HO,H [1:3;6:0]. [145°] (anliydrous). 
Formed by sulpUonating s-tri-bromo-benzene 
(lleinlte, A. 180, 271; Biiasmann, A. 191, 200). 
Ai^o from C,H(NH.,)Br,SO,ll [1;2;4:0:3] by diazo. 
reaction (Bangfurth, A. 191, 191). Six-sided 
tables (containing aq) [95°]. AVatcr at 180° 
forms H,SO, and s-tri-bromo-benzene. 

Salts.—NII,A'aq.—KA' 3aq.—KA'aq. S. 
(of KA') '81 at 5-5 (B.).—BaA',9aq.—BaA',0aq. 
—BaA';2aq. S. (of UaA'..) -41 at ,5-5° (L.); '22 
at 7-5° (B.).*-CaA'.,8aq. 'S. (of CaA'.,) l-9o at7° 
(L.); 3-5 at 2-S° (B.).- CaA'.,4aq.—CaA',7aq.— 
PbA'.,ar|. -PbA'.,9aq.-PbA',2aq. S. (of PbA',) 
•.30 at 7° (B.).-AgA'aq. 

Chloride. C„li,Br,SO.,Cl. [05°]. 

Amide, Cgll-BrjSO-NH,,, Decomposes 
above 220°. 

Tri-bromo-benzene sulphonic acid 
C,H,Br,.SO,H [1;2:4;5]. [110° anhydrous]. 

From (1, 2, 4, 5)- or (2, 4,1, 5)-di-bromo-amido- 
iicnzcnc sulphonic acid bydiazo-reaction (Lang- 
turth, A. 191,188; lieinkc, A. 180, 288; Knuth, 
A. 180, 303; Spiogolberg, A. 197,‘282). Needles 
(i:nulaiiiing Sail) [80°]. Witli IIBr at 200° gives 
H,SO,andCJl,Br,[l;2:4]. 

Salts.—Nil,A'aq.-KA'aq. S.(olKA') 1’03 
at 20° (B.); -77 at 22° (S.).- BiiA'.Saq. S. '122 
at 12°.—BaA', 2aq.—BaA'., Oau. -CaA'.. Caq.— 
Pb^/,4aq.- AgA'. 

Chloride. - C,.II,Br,SO,CI [8C-5°). 

Amtde.-C,HJlr,SO..Nll, [c, 226°). 

Anhydride ’(C,U,Br,..S0,,t,0. Obtained 
by the action of fuming sulphuric acid upon 
Iri-bromo-benzeno (1;2:4). Amorplious powder. 
.Almost insoi. alcohol, etlier, and benzene. By 
boiling aqueous alkalis it is converted into salts 
of tlie acid ; only very slowly attacked by boiling 
water. PCI, converts it into tlie chloride (o. 
supra^ (llosenbcrg, B. 19, 0.54). 

Tn-bromo-benzene sulphonic acid 
C,H.jBr,80,11 [1:2:3:.5]. From di-brominated 
amido-bonzene p-sulplionio acid (Benz, B, 
8, 1007; A. 181. 29). - NH,A'. - KA'.- 
CaA',2;aq. S.-39 at'iO’.-Ba-A'jaaq. S. (of 
BaA',) -021 at 18°.—PbA',3,i8q. S. ’050 at 21°. 

I Chloride C,U.Br,SO,Cl. [127°]. 
j Amide CrIBBr’s ;,NH. [210°]. 

Tri-bromo-benzene sulphonic acid 
OyH3r,SO,Il [l'f;2:3;51. From silver (1, 2, 4)- 
di-bromo-benzene sulpbonate and Br (Ooslicli, 
A. 186, 154). Is perhaps identical with the 
preceding.—BaA', 3.jaq. 

Chloride [12i°]. Amide [162°]. 

Tri-bromo-henzeae sulphoitie acid 
C,HJBr,SO,H [1;3;4:5). From nitrated (1,8,5) 
di-bromo-benzene sulphonio acid (Benz, A. 
181, 89).-KA‘aq.-BaA',aq. 

Chloride CAlBr.SOjCl. [86°]. 

Amide 0,B^r,SO,NH,. Blaekeiu at 816°, 






t^H,Brx60|E. Possibly iaentioftl with tb« pro* 
oolog. From nitmted (1,4» 2)*di-broino-benz. 
eno solphonio acid (Borns, A. 187, 364).— 
KA'8iaq.-BaA',2aq. 

Amide [above 220% 

Tri-bromo’benzene snlpbonio acid 
OfH^rjSOjH. From silver bronio-ben/one o* 
lulphonate and Br (Bahimann, A. 181, 207). 

Chloride C,UXt,SO,CI [o6®]. 

Amide CjH^BfjSOjNIL [202®]. 

Tri.bromo-bensene salphonio acid 
CjH^rjSOjH. Formed at the same time as the 
preceding (B.). 

Chloride C,ir..Br,SO.A (72% 

Amide CJI.lir.SOjN'lij. [187®]. 

Nine tri bromo-benzeno sulplionic acids are 
here described, but only six are indicated by 
theory. 

Tri'bromo-benzene di-sulphonie acid 
CaHBr,(SOjlI) 2 . From benzene m-di-sulphonio 
acid by nitration, reduction, bromination to 
0 «HBr 2 (NH,)(SO,H)janddiazotisation (Iloinzol- 
umnn, A. 18S, 183). -Salt: K^A". 

Tetra-bromo-bonzene-sulphonic acid 
CQUBr4SO,H5aq [l:2:3:i).6]. 

Formation. — 1. From C.,HBr,(Xir,)S()jr 
fl:.3:5:4:6] by diazo* reaction (Ih'cUnrts, A. IHI, 
210; Langfurth, A. 101, 100; Knutli, A. lsi», 
220; Reincke, A. 180, i:h 2).~2. From C..H,Br, 
and H^SO, {Biissmann, A. 101, 223). N< «‘dh-s. 
Not hygroscopic but v. sol. alcohol and watt-r. 

iicoc/tOH.—With cone. IlBr at 150® gives 
IX-SO^and (l,2,3,5)-t<*tra-l)ronu) b<*nzc!u‘ [OH-.V :. 

' Salts.- KxV. S. -C.’! at «r. BaA'.. S. -IM 
at 12® (L.); -10 at 1.5® (Ba.).-BaA',.llaq.- 
CaA'jSaq. H. (of Ca.Vo) *54 at 3°; MiO at 10® 
(Be.). —N1I,A'. —I’bA'*.PbO Onq.- - I'b.V.^ lAaq. 
S. (of riiA'.,) -80 at 11® (Bii.).—rbA '2 laq. 

Chloride C.,nBr,SO.Cl. fOO®]. 

Amide C.HBrjSO^NlI... Minu'c needles. 
Not melted at 300°. 

Tetra-bromo-benzene sulphonio acid 
C,HBr.(S(),H) [1:2:3:4:5J. [100®]. From 

(l,2,3,5j-tri-bromo-bcn/(‘nc Riilplionio acid by 
nitration, reduction, and dmzt)tisation (Lenz, .i. , 
181,23). Also in the same way from (1,2,4,5)- 
tri-bromo-benzene sulphonic acid (Spi<’gclberg, 
A, 197, 202). Lamiiui! (containing 9aq). 

Salta.—KA’aq. S. (of KA) ’lOl at 11®.— 
NH.A'. S. *95ut ir. -BjrA',aq. 8. (of BaA') 
•0204 at 10-5®.~CaA'.,.3aq. 8. (of CaA',) -loO 
at ll®.-rbA',3aq. S. (of PbA',) OlH-l at 11^ 
—AgA'.'.aq. S. (of AgA'l -140 at 11AgA'aq. 

Chloride C«HBr,S(),Cl. [120®]. 

Amide CJlBrjSO.Nir. Turns brown at 210®. 

PeBta-bromo-bonzene sulpbonic acid 
O^Br^SOiH. .S. ’olS at 10®. ^ From eitl)f r 
tetra-broino-aml«to.t)rnzeno sulplmnic acid bv 
iiazo- reaction (Ibckurls, A.*181, 226; Hclu^ 
zeimaon a. Spiegelbcrg, . 1 . 107, 306; Lanjifun-b, 
A. 191, 205). Needles or plates (containing riuj). 

Salts.—NH.A'. - KA'fup S. (of KA') 116 at 
10-5®.—CaA',4aq. S. (of CaA,) *78 at 14®. - 
BaA^aq. S. (of BaA'J ’0088 at 13®.—BaA',Haq. 
AgA'l^aq. 

Chloride C,Br,SO,Cl. [164®]. 

Amide C„BrjSO NH . Decomposes at 2.50®. 

BBOXO-BBKZIDXNE r. Bkomo.pi.amido- 

poauiTk 


e-iBOXO^BimiXO AOIB 0ABHX 

OJa*Br.OOi[.Cl:*> Mol wTloi. (148% 

Formation.^l Fmm o«amido-benzoio aeld 
fRichter, B. 4,465).-2. By heating OJi.Br(NOA 
[1:3] with KCy at 180® (U.).~3. By oxidation 
of o bromo-tolueno (Zincke, B. 7,1502; Eablif, 
A. 108, 99), o-hromo-diphcnyl (Schultz, A. 207* 
353), or O'bromo.benzyl alcohol (Jackson a« 
WRile, Am. 2, 316). 

rrojh'rties .—Long needles (from water); m, 
sol. water, v. sol. alcohol, and ether; slightly 
volatile with steam. 

Salts. -- BaA'...—BaA' 52 HvKt.-CaA'. 3 aq. 
—KA'2iiq. —- ZnA'.. — PbAMIOKt. — CuA'.aq. 
[257°J.-110(’uA'. ‘ 

Methyl ether MeA'. (247°). 

Ethyl ether EtA'. (255°). 

Anilide O.HJlr.CONPhll. [142°]. 
?n-Bromo-benaoio acid C.H.BrCO,,U fltSl 
[155®]. (280°). 

Formation. — 1. From AgOBz and Br 
(IVligot, A. 28, 240; Angorsteln, A. 168,2).— 
2. From hmzoic acid and Br in the sunshine 
(Ifcrzog, A'. Br. Arch. 23, 16) or by heating 
ilicm with wafer at 100® or 160® (Buinecko, Z, 
1S6.5. 116; 1N»50, 100 ; lliibncr, A. 143. 233; 
149,131). 3. By licatin;' benzarnido with Bt 
and wati-r (Keiin ckc, Z. 1866, 367 ; Friedbiirg, 
.1. 1.58, 2i»). 4. J- iom m-amido-hen/oic acid by 
reaction (<»riess, A. 117, 25; Htilmer, A. 
222. BIO). - 5. From C,lLBr(NO,) [1:4], KCy, 
and alcohol at 206’' (Richter, B. 4, 464).— 

6. By oxidalion of m-bromo-tolueno (Wro- 
blewsky, Z. [2J 5,332 ; A. 108,156) or m.bromo* 
benzyl alcoliol (Jackson, Aj«. 1, 93). - 7. By 
the actit)!! of a hot solution of cui)rous eyanide 
in jii'tassium cyanide upon w-hnnno-diazo- 
beiizene.chloride (from m-broiiianiline), and 
sapojiilication of Ihoorndo nitrile (Sandmeycf, 
/{. 18, 14'.)')). 8. From Mi-di-bromo ben/.tsno, 

ClCO^l^, tti? i Na (Wurstcr, A. 176, 1 JO). 

iOo,'.’r//c5.---Cry talline; very slightly vola* 
tile with steam ; si. sol. water, v. sol. alcohol. 

ltract‘ons. 1. PoUmh-fitsion gives m- and 
a liltio o- oxy-benzoio acid (Rieliler, Z. 1869, 
157 ; Barth, A. 159, 236).—2. The K salt fused 
with sodium fonriate givea isophlbalio acid 
(V. Meyer o. Ador, A. 359, 15). 

Salta. —CaA'.^ 3aq. ~ BaA'.. 4nf|: ncedlus. 
Methyl ether McA'. (32®]. 

Kthyl ether y.i.K'. (259®). 

Phen^ ether I'hA'. f6.5®|. 

Chloride C.,lI.Br.COCI. (230®). 

Amide CJl.Br.rONH,.. fl,50®]. 

Nitrile CAl lhCS. '.38®]. (225®). From 
the amide (Engler, B 1, 70ft). Formp<l also by 
tlie action of a hot solution of potassium cu- 
jTous cyanide u}K>n in - bromo - diazo - benzene 
eidoridft (from m-broii' .<iilino) (Sandmeyer, J3, 
18, 1196). * 

p-Bromo-benzoic arid CJ{,Br.CO^H [1:4], 
[•2.51% Formation. — 1. By oxidalion of jj- 
broiiio toluc-no fllubncr, A. 143, 247; Jackson a, 
Holfe, Am. 9, 84), p-bronio ethyhbenzcne (Fit* 
tig a. Konig, A. 144, 283), or ;7-bromo*benzyl 
bromide (Jackson, Am. 1,93).- 2. From w-bromo- 
aniline tn'4 p-bromo-thio carbiruidc, the laitex 
when heated with copper at 190° giving p. 
bromo.benzonitrile (Woith a. I>andolt, B. 8,71^, 
Pro,perft«s.--Small needles (from ether) of 
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(Utei (Irom nater). V. it ttH, water, t. sol \ 
atcohoUnd ether.—AgA'. , I 

Ethyl ether EtA' (236® nncor.) at718 min. i 
Fonncd, together with p-bromo-tenzyl-alcohoj, 
by boiling y^bromo-bonzyl bromide with alco¬ 
holic KOH (KlLs, /. F- 12J 84, 341). 

Vhentil fithcrVhW [117®]. Scales. 

Vyrotjallyl ether [140®]. 

Chloride. {3()®J. (240®). Noodles. * 

/{mi./cC.H,lJr.CONH, [186®]. 

,4ni///icC.H*13r.CONl'hU. [107^]. Plates. 
On nitration it gives a dinitro- dorivativo. [214®J. 
(Ihivoill, A. 178)- 

/I;i;i»/^/^i<<fi(C,I£,BrCO),0. [213®]. From 
n-Uromo-bon/oyl chloride and sodium jj-bromo- 
L.-nzoate (1. a. U.). Minulo oblong rectangular 
plates (from CllCl;,). Insol. water. Converted 
by Ijot liont into the ethyl ether. 

Dl-brorao benzoic acid CjUjBrXOjII [1:2:3] 
[147®]. From (o)-bronio.amido*benzoie acid 
(1:2:3| by diazo- reaction (lliibner, A. 222, lO’i). 
From ( 1 , 2 , 3)-di-bronio-toluene (Novilo a. Win- 
thcr, l). 1.3, llil.'i). .Sll)<y needles (from water). 
V. sol. liot water. Heated with il .SO, (3 vols.) 
and 11.0 (I V'd.) at 22o® it gives o di bromo- 
benzene [•JtS-.'i®]. 

Halts. ItaA'.;llaq. S. (of Ha.V.) 414 at. 
16®. - SrA'./laq. A'CnOll.—KA'.ra<j. 

This iieitl i« perluips identical with tlie di- 
bromo-benzoic acid [148®] prepareil from o-nitro- 
bnnvsiUi aciil, Br, and water nt 200® (Claus a. 
Hade, II M, 1170). 

Bi-bromo-benzoic acid C.dI;,Hr/-0,Il [l;l:3\ 
[l.')3®|. From (/l).!)rorao-amido.lji'M/oic acid 
|1;4:3] by passing nitrons acid gannto a mix¬ 
ture of the acid, llltr, glacial acetic acid and 
alcohol (Hillnn^r, A. 222, 108). From nilro-;)- 
di-bromo-bcuzeno and alcoholic KCy (Uiidilcr, 
Ji. 7, 1110). From (I, 4. 3) di-bromo-tolueiie 
by oxidation (Nnvilo a. Winther, li. 13, IP',3). 
Long silky nt'edles (from water). Volatile with 
aleaiu. Heated with H.,HO, (3 voV.s.) aLil wa'« r 
(I vol.) at 22.'» ‘ gives p-di-bromo-bonzene Isp'!, 

Sal ts. — llaA';, 1 [.a«j. — SrAVlaq. —ZnA';. 
CaA'.i3Ja<i. • K.A'aq. 

This jU’id is probably identical with the di- 
bromo benzoic acid (LVi ’l from o-nitro benzoic 


Salts.—BaA'^ 4aq. “CaA', 6aq.—OdA'^ll 
^CaA', 6aq.—NaA' aq. - CdA', 4aq. 

BUbromo-beazoio acid O^H^rjCO-^H [l:8*uz 
[223®.227®]. Formed by heating benzoic aoi 
with Br and water at 220® (Angorstein, A 
158,10). NoedleB.—BaA'a2aq. 

Bi-brono-beazoic acid 0«H,Br.^COjH [1:2:4‘ 
[229®-2,30 ^ i (B.); [233®] (N. a. W.). 

Fonmition. -l. C«H 3 Br{NH,)CO,H [4:S:IJ i 
treated will) ether and N.^O^ and the diazo- deri 
vativo treated with IIBr (Burghard a. Beutnagel 
' 222,181). -2. By oxidising the corresponding 

i di-bromo-lolueno from brominatod p-toluidiw 
! (Nevilo a. Winther, C.iT. 37,430). —3. A product 
i of the action of Br on p-nitro-benzoic, or (1,2, 4)- 
di-nitro-benzoic, acid (flalbcrstadt, B. 14, 908| 

: 2215). 

Properties. —Colourless needles (from water), 
tables (from alcohol). 

»S al 13.—BttA'j 4aq.—SrA', 4aq.—HOOuA'.— 
AgA'.—KA'xaq. 

Ethyl ether EtA'. [38®]. 

Amide C,II,BrXONIL. [151®-152®]. 

Tri-bromo-benzoio ’ acid CJLBrj(CO;;H), 
[235®]. From m-bromo-benzoio acid and Br 
(lleinccke, Z. [2j 5,110). Tnfts of slender silky 
needles; v. si. sol. water. -NH^A'.—CaA'jSaq. 

I Tri-bromo-benzeic acid C..njBr,OO^H. 
! [1:3:5:6J. [187®]. Fromtri-brominatedm-amido- 
benzoic acid (Vollbrocht, B. 10, 1708). Needles, 
i —BaA'j5^aq. 

Tri-bromo-benzoio acid CaH.BrjCO.^H. [196®], 
]‘’rom (1, 2, 4)-di-bromo-bonzoic acid [229®] by 
. nitration, reduction, and diazotisation (Smith, B. 
! 10,1700). Needles (from alcohol).—Ba.V^Saq. 

! Tri-bromo-bcnzoic acid CJI.Br,.C01I. [178®]. 
i Fri>m(l,4,5).bromo-amMij-l)enzoicacid (Lawrio, 
1 B. 10, 1705). Needles.-BaA',.3a<j. 

Penta bromo-benzoic acid CJlr^Cl).dI. [235®]. 
IV.mi tri-bromD'benzoic acid and Br at 200® 
(l!»j[necke, Z. [2j 5, 110). Thin plates or flat 
n-edles (from alcohol); thick nec<l!es (from benz¬ 
ene) ; V. al. sol. wafer.—NH,A'.—CaA'.^ Oivq. 

Ni trilc C„Br,CN'. [above 300®]. Obtained 
I'v bmiiunating benzonilriio (Merz a. Weith, B, 
16, 2so;»). 

o-BROMO-BEMZOIC ALBEHYBE 


aeid, Br. and water at 200' (Claus a. Lade, B. 
14. 1170). 

Bi-bromo benzoic acid C..H,Br,.COJ£ [1:3:2J?. 
(150''-107''J. By oxidising di-bromo-tolneno 
from di-bromn w-loluidituv 135'j. (Novile a. 
Winther. 0. J. 37, 4tl). 

Bi-bromo-bonzoic acid 0„H,,Bv..C0,[lI [1:3:4]. 
[U'9By oxiilising di bromo-toineno from di- 
bromo-m-t<»liiidino [76®] (Nevilo a. Winther, 
C’../. 37, 111). ^ 

Bibromo-benzoio acid OH,Br.CO.H [1;3:.5] 
(207® 210 l(N.a.W.); [209’i(ll)'; [214 ’J [U.). 

Fi'r'iitttion. -1. By oxidation of di bromo- 
toineno ^30’! fiom df^brtnno-/)-toluidmo [73®] 
(Sevile a. Winther, J. 37, 437).—2. From 
tft-di-bromo-bonzene by nitration and treatment 
with alcoljolio KCy at 250® (V'. v. Richter, B. 8, 
1423).—3. From di-brominated p-amido-benzoio 
acid (Beilstein a. (leitnor, A. 139, 4).—4. From 
C,U[|Br(NJfjCOJl, aqueous HBr (9.G. 1'48), 
glacial acetic acid and N;[0, at 16® (Hosemaun 
a. Kohler. ,4. 222,171). 

Plates (from alor^Ml) Noodles 
(from other solvents). 


C,.ll,Br.CIIO (1:2]. A heavy oil; formed by 
boiling o-bromo-bcnzyl bromido with aqueona 
lead nitrate (Jackson a. While, ifm. 3,33; P. A)n, 
A. 15. 269). 

v{-Bromo-beazoic aldehyde CJI,Br.CHO[l:3]. 
Oil (.1. a. W.). 

p-Bromo-benzoic aldehyde CJl,Br.ClIO [1:4], 
[.57 ’1 (Jackson a. White, B. 11, 57). 

BROMO-BENZOIC SBLPHINIBE v. Bbomo- 
suLpno.iir.Nzoio acid. 

BROMO - BENZOPHENOKE C,,n,BrO U 
C„H^.(’O.C,,H,6r. [81-5®]. 'From benzoic acid, 
Itbromo-bcnzene end P^O^ at 100 ' (KoUarits a. 
i Merzi/?. 6, 547). 

B ROMO-BENZOYL CKLORIBE v. Chloride of 
{ BaoMo-imyzoio acid. 

' BROBIO-BI.BEKZYL v. BaoMo-ni-rHENW 

! KTHANE. 

0 -BROKO.BENZTX ALCOHOL C.H.BrO U 
CJI,Br.CH,.OH. [80®]. Prepared by digesting 
; o bromo-benzyl acetato with aqueous ammonii 
at 160®. Crystallises in white needles. S(d, 
, hot water, ligroin, alcohol, ether, benzol, and Oft- 



BRO^BmUB. 


■-m: 


TolatBt wHb liMm (/Mkfoa t. White, Am, % 
%Ui B. 18, ms). 

m-Bromo-b^niyl aloohol G«H,Br.CH,OH. 
From m>bromo-benzjl bromide and water at lao** 
(J. a. W.). 

p-Bromo-benayl alcohol C,H,BrCH .Oil. f77®J. 
Prepared by boiliflg j)-broino-bpn/.yi bromide 
with water for 3 days. liOiig elastic trans¬ 
parent needles. Sol. alcohol, ether, betizejio, and 
CS, (Jackson a. Lowcrv, .1 m. 3,2 Id; B. 10,1200). 

o-BKOMO-BENZYL-AMIN’EC.H.nr.Cli.NIl,. 
Prepared by acting on o-broino-lx-n/yl bromide 
with alcoholic ammonia at 100'^ for 2 hours 
(Jackson a. White, Am. 2, 318). Colourless oil; 
sol. ether. Salts.—13'HCl: 208®]; needles.— 
B'JLCO,. {‘J.V’]. 

p.Bromo - benzyl-amino CJl,Br.Cir,XlI. 
From j>-brojno-bcnzyl bromide and cold iilco- 
holio Nil, (Jackson a. Lowery, Atn.li, 2r»l). Oil; 
volatile with steam.—13'lICI[ld0iJ'.lLJ’tCI,. 
—B'jHaCO, [131®-133®j: small prisms.’ 

Bi-o-bromo-di-bcnzyl-amine 
(C„Er,Br.Clij)jNH. [3d'j. From o-hromo-lien/yl 
bromide and alcoholic Nil, at 10i)\ Trimefrir 
crystals; in.'^ol. water |.Tjirk-;i>n a. Whili-, .Idi. 
2, 318 13,1210). ll'llClildd'J. B'JIPtCI,. 

Bi-p-bromo-di-benzyl-amine 
(CJI.Br.CID.Nir. [50"J. —B'ilCl [183’].- 
Byi,inci« (j.’a. w.). 

Tri-o-bromo-tri-bonzyl-aminc(C, H,Br.CH.).,N. 
[122^. From o-Ijromo-brnzyl hnututh' ami al¬ 
coholic NHj at 100® (J. a. W.). Small jnisjns. — 
Byi^PtCl,. 

Tri-;;-bromo-tri-benzyl-amine(C,lI,Br.CH,),N. 
Crystals (from ligroin) |.‘J2 ]; (from eiher) !78 J. 
Slender ricedles; the Itydrocliluridi* could not 
be obtained.—B'lIIlr. (270-']; insol. water.— 
Byi.PtCl,^ (.IficV.'-.on a. Ijowi-rv. Am. 3, 2.72). 

o’BROMO-BENZYL bromide 
C„H,Br.Clf-.llr [1:2]. (HO-j. (2.7U’-2d0'). Di- 
brotno-tohunp. Prepared by lirominafiiu» o- 
bromo-toluoiio (Jackson, /Im. 1, !l.3; 2,317; )i. 
13,1218). Very pungiml; volatile with steam. 
Converted in etly-roal solution by Na into an¬ 
thracene, phenaiilltrenc, s <li-])h<'nyl-etliane, and 
other products. 

tn-Bromo-benzyl bromide C„H,Br.CH.Br[l;3]. 
[41^]. From m-bromo-tolueno ami Br (Jackson, 
1, 93; B. 0, 032). Pungent plates; slightly 
volatile with steam; very volatile with ethcr- 
vapour. 

p-Bromo-benzyl bromide CoH.Br.ClLBr (1:1]. 
[63®]. Formed by brominating p-bromo-toluono 
or benzyl bromidc(Jn(*kson,.'lw. 1,03; .Schramm, 

B. 17, 2922; 18,370). Needles (from alcohol); 
volatile with steam; very jmngent. Alcoholic 
KOH forms 7 »-hiuiuo-benzyl alcohol and j>- 
bromo-benzoic ether (Klbs, J. pr. {2j 31, 310). 

BROMO-BENZYL JYANIDE v* .Yifn/c of 

BnOMO-pnEXTL-ACETre ACID. t I 

BBOMO-BENZYLIDENE-PHTHALIMIDIME : 

C, jH|oONBr. PhllKilimubjUbromo-bcnzyl. [210''-']. ' 

Glistening needles. Fonned by the action of 
bromine upon «leoxvbftnzom-carbr)xvlamido ' 
C^,(CO.NH,)(;().(-'Jr.cX dissolved in’chloro- ; 
form (Gabriel, B. 18, 2135). i 

I£TBA-BB0K0-B£!rZYLID£NE-DI.mYX.- ' 
BIAMIHE (PhCH),(NC„IIBr,Me),. [1C0’-165»]. 
From benzylidene-di-TT-tolyl-diamine and Br 
(Houara, Q, 10, 370). , 


I e-BEOXO^XirBTI USBfSkrUX 
! C^,Br. CHRH. (80^ ? From c-bromo>b«»y2 
I bromide and aloohoUo KHS (Ja»aoQ a. Uartt* 
I horn, Am. 5, 2t>8). Orystalline mass; iaad. 
wdter and glaoiai IlOAo ; sol. alcohol, ether, ani 
benzene. -HgjSC.HrtBr),: sol. hot aloohol. 
i DI-BROMO-BENZYL-PHENOl (',H,Mr,.On. 

' ;177 ']. Fn>m henzyl-j>hemil in (*S,. and Br 
(Patino a. Piletl, O. 3, 271), Annophons. 

BBOMO-o ?-BENZyL-PHENOL S Ul.PHONIC 
ACIDCH..CJl,(OU)BrS(yi. Sa't. K.V.From 
Bi and C.H..O„UA011)SO,K(Konnie.('.y, 19,409). 

Bromo-7>-bcnzyl-phenol sulphonio acid 
C,H,.CJL(01I)Br.S(),ll [l:l;x:2]. 

Salt.—KA' (Kcnnic, C../. 41, 3.7), 
p-BROMO-BENZYL SULPHIDE 
(C„II,BrCIIJ...S. («79’J. Prr)>ared by boiling 
p-bromo benzyl bromide with aleoholio Na^jH. 
Largo thin plates. Aromatic •»dour. Insol. 
water. Sol. ctInT, bi’iizeno, and CS. (Jaekson 
a. Hartshorn, Am. .7, 207). 

p Bromo-benzyl disulphide (C„II,BrCH,);,S,, 
[HS 'J. I'repareil by oxiw.sing flu'nierea})lan to 
1 air, and also by aefing on p-hromo - benzyl 
- Inoitiitlo with alcfdiolie N'a_.S. Noedlcfi. Instil, 
j water; so), ether, benzene, and CS. (.laeksoii ii. 
i Ilarlsln>iM, Am. 7, 2t»9). 

I /i-BROMO-BENZYL SULPHOCYANIDE 
; C„li,Hr.SC.V. [27®]. P'rom ^i-bromo-bonzyl 
broiniilo and ]>utassiiim snl]>hocynnido. The 
. o-isomerido is an oil (Jackson a. Low<‘ry, B. 10, 

1 1209 ; -Im. 3. 270). 

I Dl-p-BROMO-Dl-BENZYL SULPHONE 

■ (CuII,l3r.CIL)a^ilv' [l^J ’J* From tho snlphido 

■ uutl CiO, in IlGAc. Needles (Jackson a. Jlarts- 
' horn, Am. 5, 20'.l). 

BROMO-BENZYL SULPHOKIC ACID t>. 

BkoMd-TOI.UKNK HOIO'IION'IC ACID. 

DI-BROMO.BETORCINCJir,Mc,(OH),ri5r»®j 
From (clra birmo betorcin ami Ill. Also by 
boiling a mixture of h.'torcin (3 bromine 
(8 j>l.^.) uiti (100 vols.). Tlie product is re- 
crystallised trom Ii,;ht pelrohuim (Steuhouso a. 
(ir(>ve8, C. J. 37, lOI). Long needles. 

Tetra-bromo-betorcin C,iBr..,Me.(()Br).. (101 "'j. 
i From bromino (.7 pts.), water (loO vtds.) and 
' betorcin (I pi.). LiKsolved in water (.70 pts.), 
Cryptalliscd from light [n*troleum (S. a. (1.). 

Largo colourlihs prisms. V. sol. (jlher, benz¬ 
ene and eSj, less so in petroleum. 

BROMO - BBASILIN C„.il„BrO,. Ol.tuirmd 
l)y bromini^’in^ ne,< t}’-brasiiin iiml Kiijionifying 
the product, (ilislening red plates, V. sol. 
water. Dissolves in KOIl with a re.l etilour. 

Tetra-acetyl ilnrivntive 
C, lLBr(OAc),0. [201 'j (liachka a. Erck, B. 
17i 085; 18,1110). • 

Tri-bromo brasilin C,Jl,,Br,(),. 
Tt'lra-acctyl iUrivafixye 
GJl.Br^OAc)/). [117®]. S/ iall white needles; 
very oxidisable (B.a. M.). * 

Tetra-bromo-brasilin C„.il,aBr/>;,. Slender 
red needles. Dissolvts in alkalis with a violet 
colour. Obtained by brominaiion of brasilin. 

Tetra-acetyl derivative 
C,.H,Br,(OAc),0. [222 '] (B.a.K.). 
BEOMO'BUTANE v. Butyl bromidi!. 
w-a-Di-bromo-butane i.e. 

Cn,Br.CHBr.CH,.CH,. Butylenebroinide. (1G6% 
S.G. 1’02O. Formed by the action of Br on w- 
butylcne or n butyl bromide (Wurtz, A, 152, 28, 



m 


tIim«m«nii,4.Wl,JWj Ombowiky a.S»T{2e« 

w-in-oramo-battn* CH,.CHBr.OHBrCH 
mV. 8.0 = 1 . 82 . I.'ro.nOii,.OffiSH cS 

iKAo and excess of water at 

0^ (VVurtZy^.ld-l, 

2.(0; Eltokoff, J. li. Jo, 210). 

Di-bromo-isobutauo (CHJ.CDr.CHjBr. Iso. 
ovlylene hromuli'. (110*^). SO H l-a* 

M.M. li-890 at I’l-T^ 
(liikm). l.,„m jsuliutylene and Br (Linno- 

water at t.iO it la ennvorted into i-sobiityric 

Isolintnnn 19 also fornic.l (laii.liiid, J, ft.io .Ji i) 
Di - bromo . butano C.H.Ur,. (lu.r-ii;2'r 
1 onned by brorninaliiiK butane (Cariiw, A. 12lj; 

at 2:td mm. 

r uriir- and lir (Xorlon 

(t'Us)XSr.CJlHr., of o-te 

From (Cig,X:Cin!randJir {N!a W ) 

Tri -bromo . butane (2iW > 

127,'■ '> (Caventou,' A. 
Tolr.j-lnomo Ijutano 

C,lJal3r^7!.e.ClI Hr.tJiijji. riiy-fiir ii- r>, /• 
w pr/rro/f/Zenfi. tdra-drom ide. [Zlooj iwrned 
by eoml.inati.oi of bromine with Jhn i.nr ^ 
from aiunetby|.,,yrr,,lidror 0 ^.r X 

M,uu.,AU.r (Ciamieian a. Mdl;n,a,l,i: ft w'; 

(Ciamumn ;i. iMjij'njmhi, y; ]<> fiiitn v i 

SlXSra'SfCryatoilino; 

Tetra.bromo.bntano Cir..Cn CBr nil-.. J 
rom bntineno ,,re,?ared frmn n’ioth/f 0 ',; f 
’f^®”^,.by Pucoessivo treatment with PPl nr?! 
aMiolm KOH. Sublimes at1osi'V4‘i'„:;‘i;! 

Tetra-bromo-itobutane C.fl Br foo'.oi 

wSBama.'^JrSjTr"'""" * 

. ®««-bromo-bntaae C.H.Br. riOfl^l nn 
The vii.bl^i”’nn"'®*"'*'f‘®'l’"‘*^* bromide at 170“ 

vv’iuil ft u! 22^4; *' »• 




Su.'jxr 

Hexa-brorao-butane C.H,Br.. ri70»l. S( 

3 d. bormed m small quantity as above fc 
learly scales,si. sol. ether and alcohol. Fomin 
UNO, formsanoil0,H,(NO.,)Br INO 1 qn 1 al 

DI-BKOMO-BBTYI WKC H bV ft •' 

ClI,.CHBr.CHBr.CILOH. Oil F;,m. *•' 

b“ Ziehen 

butan; ’ ’■ ‘0™’ W-o*y 

wa-DI-BROMO-n-BUTYL-BENZENE 
C, Ji, Bfj t.e. 0,Hj.CH...CH«.CHBr.CH JJr Fr«w, 
phonyl-butylene and Br (Aronheim, X171 
Oil. /?mcyw»s.—1. itcd-hot soiii i 
naphthalene.— 2, HNO, forma a litJ!^ 
pbenyl-propionioacid. • “ '‘“'® 

r. ■ f■^„?‘:'’'''""»-«-’>ntyl-benzene 

[C_7“], From 


r,..r!lF r.TT Pir i‘)\ »r.- .... 


^.Di.L.v,„»v-»b-um,yi oena 

tSkate (S^mi 

Bi-bromo-n-butyl-beazene C,,II„Br r70'>l 
From n-butyl-bcnzeno and Br llrft in sun Lh ’ 
then heated in the dark (Kadziszeivski, ft^’ 

n.T“^;?,*;’’"’““'““'>“tyl-honzene 
Hiid Br (Pertfn'ft^>. J>‘"^Phenyl-i8obutylene 
Tri-brome-isobotyl benzena C,„H Br rfi4»i 

SBOMO-BBIYIENE C.IIBric 
liO“ forms (CII Kh;M O ].9 

li';*-, Ingenstecher, A, 

.Bromo-butyloneC.II.Br. /‘)70l u 

SP.Ms'iis;"'"' •"'•"• •“ 

2.),. min. (Norton a. Williams. Am. » 87) ^ * 

Di.bromo. butylouo (;.H l!r,. (Uotlsno) 

I roin tri-hroDio-hutnno f'^lKS' ■k* 

sCSS"jSi'S:K» 

-bromo-butylene C.ll.Hr.. Fromtetm 
i r^KOU^llaif^ ('7‘-y.ti.rilo)and“jf 

.Bapidly polymerises. Ckimbinaa 
48* 81) ***^ •’tomina (Orimaux a. Cloez, 

Di. bromo - butylene O.H Br. i a 
CH.:CH.CHBr.CH,Br. (ia0“-200“)! FraraUu 



|TOX»p<JARBANrLIO ACID. 
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allf 4^pdtitc4 bjr pOt b; 

Imi tiun fthd oaloal&tM qutntHy 6t 
ft^cUontUy distilliog. Combines roadilT with 
Br. fonning C,H,Br, [119®] (0. a, 0.). 

Hfubromobntylene 0,Br^H^ [53®]. Pre- 
parod by further bromination of hcxabrom- 
iBobotane (Merz a. Weith, B. 11, 2210). 

o.BKOMO.h.BUTYBIC acid C.H-BrO. U. 
CH,.CH,.CllUr.CO.U. (2ll"-217''l. (110*) at 
8mm. S.(r. l*5i. S. 7. 

Fonmition. —1. IW heating butyric aoiil with 
Br at 140'^; or by the action of Dr on silvu- 
Imtyralo {Friclel a. itfachnoa, A. 120, 270 ; 
Siippl, 2,70; (Sorup.Hcsatn-7. a. Klinksieck, .1. 
•118, 21B; Xauiuann, .1. 110, 115; Lev. Ji. 
9, 129; UroiOi, A. 0;i; TupololT. *-l. 171, 
249). — 2. Frtim orolonin ncM nn«l H15r.— 
8. From the broiuido jin<l water (Ka:^cliir.-ki, 
C. C. 1HB1,278). 

7Voy)rr//V*'.—Oil; mixes witli alroliol and 
ether. Nl't., whether dry or in jnpieoiis soln- 
tion, fornix n oxy-bntyric «old (Duvitller, BL i2] 
40, 3). ftcta siniiliirly. 

Saltfl.-IM.A'...- Pb;V.21‘1.0. - A-'V . 


Methijl < th<'r Mt‘A\ (1(15*.172 ). '■ 

Ethul cthi'r Et.V. (17H-‘) J. pr. ! 

[2J 33.1()2). S.(K 1-34.5. Dry XaOl-U fnmis : 
an ctlier CJl,.,a,(01-:i). (252') (KrrslownikolT, ’ 
/1.20H, 3ls|. ‘ ■ ! 

liromiile C,flJlrO.Hr. (173'^). From J 
butyryl bronudo and Dr. i 

/3-Bromo.butyric acid Cir,.OlIUr.Cir.CO,U. i 
Formed in small quantity in tin* pr.-parution of j 
tho a- acid from crotonic acid and llDr (llorni- j 
lian, .4. 171. 325). 

y.Bromo butyric acid CII llr.ClL.CU .COdf. 
[33®]. From biityro liV'-time and lIJ'r (Henry, 
C’. H, 102, 3r>H). Tallies or plates; si. sol. 
water, v. sol ciher. 

MeA'. (IH7'’). H.G.iVM. 
Kthpl ether VAX'. (IH7'). S.G.2i’30. 
a • Bromo - isobutyrio acid (CHJ^CBr.COJI. 
[40®J. (199'^). S.(r. “ I1‘52. From isobutyric : 

acid and Br (MarkownikolY, A. 153,229; Hell 
a. Waldauer, }:. 10, 140). Tables. Boiling 
water converts it into a-oxy-isobntyric arid, 
KHS acts siinilarly (Loven, J. yn*. 2; 33, 105) ; ’ 
boiling baryta-water forma also ClF:CMf;.CO;,lI 
(Engclliorti, A. 200, OH). j 

Ethyl ether KtW (lC4®cor.). fr\a.'-!M3. j 
Oil; smelling of raspberries and peppermint 
(Markownikolf, A. 1H2, 330; Hell a. Wiltckiad, 
B. 7, 320; Loven, J. j. r. fjj 33, 100). 

Bromide (CH,),CBr,C()Br. (103®). 
fi.Bromo-iBObutyric acid CHjBr.CilMo.COjII. 
[22®]. From o-methyl-acrylic acid and cold 
cone. HBr. Crystals (from CSJ. Boiling 
alkalis convert it into a-methyl-acrylic acid 
and a littlo propylqpe (Fittig a.«Fngelhorn, /I. 
200,65). ^ 

ao-Di-bromo-butyrio acid 
CH,.CH,.CBr. CO,,H. (140 ) at 3 mm. *8. :i. 
S.O. rdO. From bromo-butyric acid and bro¬ 
mine (Schneider, J. 1801, 458; Mioliael a. 
Norton, Am. 2, 15; Otto a. Fromme, A. 239, 
275), Thick oil. Water or baryta-water at 
120® forma a-bromo-crotonio acid (£rh nmeyer 
ft. Muller, B. 15, 49). Converted by reduced 
i^er into di-ethyl-maleio or zeronio acid 
CO,H.CEt:CBt.CO^, butyric acid being formed. 
Yofc. I. 


«B-fii«h»aio.ha^« ftdM 
CH,.CHBr.OHBr,CO,H. C27<1. 

From Br and erotonio 9t te 
[ crotonio acid dissolved in CSj (Kdmer, A> 187| 
2|34; Michael a. Norton, Am. 2,12; £.14,1202; 

, C. Kolbe. /. pr. 133, 386). 

I Projyrties, Large transparent prisms (from 
I CS;); sol. alciiliol, other, ami hot water. 

I Hi-(\ction:i. - I. Boiled witli u'oU r or Na^OO^ 
: it gives ^-bronio propylene, hromo-osy-biityrio 
acid, di-oxy-hntyno acid, and bromn-orotonift 
m-id. Wat' V givr.s chielly broino-oxy-butyrift 
iieid; Na.CO., gives more lirmno propylonc, but 
no propionii* aldehyde. - 2. W-rmed with ft 
■ solution of NaOll it gives hroinu-crotonio acid. 

' Di bromo-iBO-butyrio acid 
CILBr.CBrMo.CO.H. f48'J. 

/Vr’/iunjfhnt.—By adding Br to mctlmcrylio 
‘ luid dissolved In CS.. (C. Kolbo, J. pr. 'Tj 25, 
373). Long prisms (from CS^.). Ihiiling with 
tviitcr or Na.T.H.)j prodnees CO., acetone, soma 
I'rupionio aldehyde, a very little bronm-incth- 
acrylic acid , 63®;,and brnmo-oxy-ise-butyric. acid 
('/.»».). Warmed with solution of NaOIl it givoB 
bromo-metluR-rylic acid and IIBr. 

Tri-bromo«butyrio acid 0 ,H. Br,0^ i.e. 
t'II,.CBr_..(’ilBr.(’()JI ? [114*1 From/9-bromo» 
crotonic acid in CS^ and Br (Michael a. Norton, 
.4m. 2, M). Bhomhio plates; sol. alcohol and 
hot water; snli'inr-s readily. 

Tri-bromo-butyric acid (hll.BrsO,^ i.e. 
CHv(lHBr.CBr..(10JI? [111 ’]. From a bromo- 
crotonic acid and Br. V. sol. water and alcohol 
(^f. a. X.). 

Tri-bromo-iaobutyric acid C,]t .Br.O.^. From 
hromo-a-mc'lhyl-acrylic acid and Br (Cahours,^. 
Suppl. 2, 319). Prisms. 

Tetra-bromo-butyric acid C,lI,Br,Oj. [116®!. 
I’rom mucohroinic acid and Br (Limpricht, A. 
165, 293). Monoolinic tables; si. sol. water. 

Tetra-bromo-iBobutyric acid 0 ,fl 4 Br 40 -. 
From d'j bromo-o-mcthyl-acrylio acid and Br(0.). 

BROKO-ISO-BUTYRIC para-AIDEHYDB 
((CH,).,CBr.CIB>l„. [129®]. When the product 
of the action of NJl, on iso-biityrio ahkliydo 
('/.r.) is distilled aproduct G^Il.^N is got. xiiis 
must bo combined witli brnminn, and tho com* 
pound, (CIJ,),CH.CIl;N.ClIJ}r.GBr(CH,)^ after 
keeping for 3 rnoniliR, is decomposed by water 
(Tiipp, A. 211, 353). Needles (from alcohol). 
Insol. water, acids or alkalis, v. sol. ctlior, in. 
Bol. alcohol. Docs n::'! reduce ummoniacal AgNO,. 
BEOMO.0ATECHOI, v. I!iu •SfO- pyaOOATECJIIN. 
BROMO-CAFFElNE CJIJJrN^O,. [206®]. 
CafTeino combines with Br forming the orange* 
red bromide C.Ifj^N^O^Brj, Which is decomposed 
at 150® into HBr lind bromo ealTumo (Fischer, 
It. U,C39; Schullzen, Z. 1H67, 61.4; Maly t. 
An lieascli, Jlf. 3, H5). Cry ♦nls, si. sol. cold water, 
V. sol. NHjAq. Jieduced Ir zinc-dnst tooafTeine. 
Alcoholic KOII forms ethTv y-oaffeine. 
BROHO-CAMFHOB v. CufPifOB. 
BROMO-CAUFHOBIO ACID v. CAHPifoftM 

ACID. 

BBOHO-CAFRIC ACID v. BnouoDZOOio acid« 
BROHO-CAFROIO ACID v. BnoKo-HSZOift 

ACID. 

BBOKO-CABBAHZUO ACID v.PbmiixaX. 
BAVre ACID. 


00 
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BBOHO-OASBAZOUE OtJOfiill. (198°]. 
From it> MOtjrl dorivotiv* and aloohoUo EOH. 
Bhombio plates, T. sol, water. 

Acetyl derivative C|,H,AcBrN. [128°]. 
From occtyl-carliazole and Br. Laminin, v. eol] 
alcohol and boiling toluene (Ciamician a. Silbcr, 
a. 12, 2701. 

TBI.BBOMO.CABBOFYBROLIC AGIO v. Tui- 

fiiti)MO-i.YiiimL-rAnnoxTi.ic Arm. 

■y-BBOMO CABBOSTYEIL C,U,N01ir i.e. 
X(IJr):CI£ 

I , (l*y. 1, '6)-Btomo-oxti- 

\N; CfOH) 

guinoline. [20^;>d?ormcd by boiling o-amido- 
plionyl.propiolic acid with dilute UBr (Baeyer a. 
lllocni, /I. iri, 2119). I’rcimrcd by tho action ol 
bromine on carbostyril-ether and gaponificatioii 
of till) ]>roiUiot by boating with 1 l(il (b'licdliindt'i' 
a. Weinberg, Jl. 10, 2082). Necillcfl; may bo 
sublimed. The Br is not replaced by boiling 
with alcoliolio Kflll, but rciiniroa to bo tuKcd 
with Kon at 200'’C. 

BROMO - CARVACBOL C„,II, ,l!i{) i.c. 
0,n.,Mo(OII)Hr(C,II,) [l:2;3or11. I roiii bromn- 
cymidino and JINO.,. Oil (iMuz/.ara, Cl. 10,194). 
BBOUO-CHLORAL v. Di-ciii.niiii.iiiaiMo-ALDi:. 

BTPB. 

BROMOCHLOBO. V. Ciir,oui»-im<>M<).. 
BBOMO-CHLOROFORM r. I)icHi.oiu>-nu()Mo- 

HKYHANK. 

BROMO-DICHROMAZIN v. Tin-xmm-vmz- 
Moi., p. 172. 

BR0M0'CHBY8£N£ t’. CrnivsKNic. 

BROMO . CHRYSOQUINONE v. Cimtso • 

gVlNoNK. 

BROMO-CINCHONINE v. Cincuonine. 
BROMO-CINNAMENE i». liiioMo-Ki'YitF.NE. 

DI . BROMO . CINNAMENYL - THIENYL - 
KETONE r. Tun UT-IIlKlMO-HTYUVIi KFTONK. 
a-BROMO CINNAMIC ACID 0,11,lirO., Lc. 

l’o)intUion.— \. Ttt}'i‘tl>cr with ^t/Zo-cghroiuo- 
cinitamio acid hy the actltni of alcoholic 
KOll on the di-hromitlo of oiiinainic. acid 
C,n,.CHHr.CHHia' 0 ,ll ((Jlancr. A. l ia, a2‘»). - 
2. From c-ro.tri l»ro!iui./J.pl)i>nyl.|>rf>|iionic acid 
and water at lt)0' (Kinnioutt a. rainier, Am. -1, 
2G; A, aHiJ). 

Prt'ihirtiUo)!. -IMbroniido of cinnamic acid 
(fiO grins.) is dis-.olvod in hot nlcoliol and mixed 
with tlio calctilulod (juaiitity (2 equivalents) of 
potash disstdveil in alctdiol. • The lit, 11*1 is neu¬ 
tralised with IICI and tho alcohol luiilcd cIT. 
Tho fiolution of tho mixed potassium salts is 
filtered from hiomo styrone f218''l. Tho two 
acids are separated h# piu tinl preeipitation with 
UCl, tho a-acitl eomin-' tlcwvn first (Uunsch, 
;>!•. 128.178). 

Pritpi'ttic.'i. Long neodle.s (from W’atcr or 
chloMform). V. e. sol. aleohol. 

Salts.—Nil,A': aftKUosoent groups of flat 
needles, si. sol. eold water.—AgA': si. sol. water. 
—'BaA',: thin rhombic lamina). S. '12 at 0*^. 
losol. alcohol. 

He(U'tions.~~l.S<>cUum-amalgam reduces it to 
jB-phenyl-propionio aeid.—2. Alcoholic KOH 
gives phenyl-propiidlc acid.—s’!. Br gives a tri* 
bromo-phenyl-propionio acid [182*].—4. Both a 
and allo-a-bromo^oinuamic acids may be reduced 
byaino-dust and glacial acetic acid to cinnninio 
Mid, wbiob teems to bt the tame iu boili cases 


(Miehael. g] 85, $67)«-6. la not aHetea 
by dissolving in and ponriag into water* 
Methyl ether A'Me: (159^) at 14 mm. 
Formed by distillation of the isomeric methyl 
ether corresponding to tho acid [ 120 *} under 
ordinary atmospheric pressure (A. a. S.). 

Ktkyl ether h'Ki: (200*); (202*) at 30 
mm.; (KiO*) at 10mm.; (188*)at 30mm. V.D. 
-8*715 (obs.) (Michael a. Browne, ZJ. 20, 561). 
Formed by di.stillation of tho isomeric ethyl* 
ctluT corrcs-poiuling to tho acid [ 120 °] under 
onUnary atmospheric pressure (Anschiltz a. Sel* 
clcii, JJ. 21), 138-1). i'reparid by ))assing HCl 
ihiu a solution of tho acid in alcohol (4 pte.) 
(rarisch, loc.cit.). By cold cone. H;,S 04 it is 
c'lnvcrtcd into ben/.oyl-acctic ether (Michael a. 
Browne, JO. 19,1.TJ2). 

Chloride: (15:5*) at 12 mm.; clear oily 
liquid. Formod by the action of FCI 5 uponsalts 
of tlie acid [1:51*] or of its isoinerido [120*]. 

Amide: (110*J; very thin pearly plates; 
si. sol. hot water. 

Anilide: [80*]; Binallwhilencodlos,which 
chani'o into six-shlcd plntc.s (A. a. S.). 

AVo Bromo-clnnamic acid C.li.BrO.^, [134*]. 
Forraofl, together with the isomorido [150*] by 
liio addition of lIBr to phenyl-propiolic acid. 
Long needles (from water). Tliick rhombic 
]irisins (from chloroform). V. sol. alcohol and 
hot benzene, si. sol. CSj, hot petroleum-ether 
and hot water.--A'Nlf,’‘ : flat needles, sol. hot 
water, si. sol, cold. - A'.Ba: glistening rhombic 
plates; S. *770 at C*, in. sol. hot water. It is 
doubtful whether this aidd is a distinct isome- 
ride or is identical with the prec.eiling acid; tho 
solubility of the bariiiin salt ii])peurs to point 
to tin' former conclusion (Michael a. Browne, li. 
20, 550). 

.4//o.a.Bromo-cinnamic acid 
C,,H.,.C'dI:CBr.COJI. [120*]. Formed, together 
will^o-bromo-cinnaniic acid [v. Prennratim) by 
boiling the dibronude of iriniinniio acid with 
alcoholic KOll ((.Jljis' r, A. 118, .8:50). Sit-sided 
lamina) (from water) or thick prisma (from 
ether). V. sol. boiling water. 

Salts.—KA': deliquc.scont needlci?.—AgA'. 
The ammonium salt is deliquescent and v. 
sol. water (dilTereuco from a acid). 

Reactions .—1. Jicactioiis 1, 2, and 4 described 
nnd<]r a-hromo-cinnamic acid are also exhibited 
by the allo-a. acid. Itcartion 3 gives, however, 
a ditTeront tri-hromo-phenyl-propionic acid 
[4.5* 18*]. 2. On dissolving in ILSO, and 
flouring into water two products arc obtained: 
(rt) A substance ; yellow needles [above 

200 °], s<d. alkalis, alcohol, ether and benzene. 
(5) A substance C,,IX„Br 2 ();.; largo pearly plates 
i above 200 *], insol. alkalis, sol. phenol, nitro* 
benzene and aniline, insol. most other solvents, 
forms a crystalline molecular compound with 
^phenol; on reduC'tion with zinc-dust and acetic 
acid L gives a substance which forms 

colourless crystals, [127*], sol. alcohol, si. aol. hot 
water (Leuokart, B, 16,16). 

Methyl ether A'Me: (140*) at 11 mm.$ 
from A'Ag and Mel; by distillation at oi^inary 
pressure it is converted into the methyl ether 
of the isomeric acid [131*] (Anschiltz a Soldeo, 
Be 20.138:4). 

Ethyl Am: (174*) at30mm.; (177®) 
at 30 mm.; V.D. •• 8*828 (obs.) (Miohac) ik 



^sRj-oojtporam 


Brewna. 9. 30,651). Fnwa A'i« u6 Ett Bj ! BBOKO. CimoOHM A<JU> OJLBtO, iA 
distillation nndar ordinary proasnro it is con-1 0H,.C(0O,H).-CBr.COjH(?). 

i?*® *?*? ®* ‘’’® “W I Formation.—1. from its anhydride by boil. 

*• Selden, B. 20,1384). ' ing with water.—3. From «<ra-di-broino pyro. 

.. T. *®'^ ' to'tario acid, water, and Ag ,0 in iirnaeneo of a 

0,H,.(®r:CH.C0,H (?) [159'’]. Formed, together : trace of HCl:C,II.nrjO,~lIBr. C.li.HiO.lBour- 
With the acid [134®j, by the action of aqueous ' K()in, C'. li. 88,3i*J; *85), 418; .4. (Vi. [;'►] I'.i, 

Mr upon ph^nyl-propiolic acid at 0®. Long • Proivr/iVs.—Very imatuMe, giving olT 'water 


flat oe^es (from water); or rhombic plates ■ cvcifcover ILSO, ami chungingto the auhvilride. 
(from alcohol). SI. sol. cold alcohol and bon- • forms pvro- 

zeno. By cold cone. KOII or NJf, it is at onco ; tartaric acid. 2. Boiling KUll forms a syrupy 
converted into an indiiTeront insoluble oil.:dibasicaoidCiH,0,, 3./';i,-.:/Mf-.j//,))ji.fitssoln- 
Heating with IIHr forms pheiiyl-ucetic abh'hyilo (ion proiluees broino-oitraeonit* •'*.h\'li iile and, 
and acetophenone. It combines with Br form- at alow tomperninro, tlio acla hut 

ing a tn-broino-hydro-ciniiainic acid (118! .at a high temperature ‘ brt'ino eitrtniio iicid’ 
Salts.—NH,A'* : long soluhlo noetllos.— | tyi.BrO;. (H.). -1. The aqueous s.dution treated 
BaA^aq: soluble concentric prisms.—BbA'w: ! witli the equivalonf of .imj/iuc givfsa er\slnHino 
amorphous pp.—CdA',: concentric noodles : pp. of tho acid nnilinc salt. fl'Jl ). Standing 
(Michael a. Browne, />. Ill, I.'ITS). 1 under water for u few hours, or li- aling the 

Ethyl ether h'VA'. (lol‘) at 15 nirii.; j n«iuoous solution f«»r a minute,coiiverls ilintotha 


>\rh. [M.V’j. 


V.D. . 81)48 (ubs.) (M. a. B., B. 20, 551). ! 0(CIO- COv 

Bromo-cinnamic acid [153®J. This was oh- i phenylimide !1 \\rh. [145 ’]. This 

tainod by Ericnmeyer a. Stookmeier by the CBr - CO' 

addition of lIBr to phenyl-iiropiolio acid. Aque- forms stidlato groups of pri.smatic m'e<ll«>«. ,SI. 
ous Na/’O, converted it into phenyl-acolylone, sol. hot wali-r; v. sol. hot alcohol; iudl. dilute 
a-bromo-styreno CJl,CBr;CfI,, and plionyl-pro- ilC’I (Mlehael. Aw. 1), IHdi. An int. imodiate 
piolic acid. .Sncces.sivo treatment with cone. . body is the acid imiIi‘h>(t,H,lh-(COJI}.CO.Nl’lilI 
1L80, and water gave beii/.oyl-jieelic acid and [212 'J (Michael, B. 11), I37;i), 
bromn iicehq.hf none. Heating with HBr g.avo ; Salts. - (NJl.),.V'. K..V'. - CaA"2aq.- • 

acetophenone and alittic phcnyl-.'iceticaldeliydn j Cii.V'Uari. -ItaA"ruj. - Ag A". iVeoinportodby 
(Erlenmeycr, B. 11), Ili;{t;). According to ! water at 130' givijig ufY ujkI nih h no. 


Michael a. Browne this acid ia a inixturo of tho 
two acid.s [151) ’] and (134 ]. 

o-Bromo-cinnaniic acid [1:2] 

CaH,(Br) CH:ClI.CO,H, Browiufi phruyl ae)ylic • 


AnhijiiriHe O.H.Brt),. [100 J. (220®). 
S.(}. 11)3.5 (Keknli'*. .4. Suypl I, 130; 2, 1)7; 

Liig< rmark, 1470,'i'.)!); I-'ittig ii. Kriinfanark, 
A. 2U(», 11); Bomgoin, lit. [21 31,252; 32, 38B). 


acid. [213 ], l*'ormefl by tliazotising o-amido. ; /''.*rf/ja//o«. -1. From citriu-onie. anhyilriilo and 
cinnamic acid and boiling the <liazo-eojnp.,un(l { Br at 110®. 2. By di.stilliiig Cf/m-dihromo-tar- 
with IlBr (Hahriel, B. 15, 2201). Flat colour- 1 taric acid.* 3. From pyrtiljirtaric acid, Br, and 
less nce<ll«‘,s ».r scales. Sol. ulcoliol, elluT i water at 120 I'rnpertti'.’f. J2aniitiii‘{fio)n(.18 


and acetic acid, si. so), chlorohn-in, ben/cno ! 
arid CS... j 

m-Bromo-cinnamio acid i 


si. ;;ol. cold walei, V. c. h4>l. iilcohol uml other; 
^olatih^ with sO‘am. 

fmj/c CJ],H,0,NH. [c. IBF’h From 
pynitarl imid or citraconlini<le and Br at 1.50® 


[1:3] C„n,(llr).CJI:CIf.C()._.H. (171)1. Borin'd : pynitarl imid <ir citraconliniile and Br at 1.50® 
like tho prcccfliiig from w .imido-cinnamjc acid (Mriidini, f/. J.5, ]H2). Laniinm; may ho snb> 
(Gabriel, Ji. 1.5, 221))i). J,,ong nec<lles. Sol. linied.-C.ll.BiO NAg. 
alcohol, ii.i.I, liot benn-ne, chh.rof.„„i, Di-bromo^citricoiiic acid. ImuU. 

and C..HJlr/LNH. [Ml ). From pyiotartrimido 

ri 14 f 1 2- or eilraconimido and Br (.M.). Laiuiiiu); may 

[1:4] C,II,(]ir).C.UXO.,H, (c. 2.,.!']. hino hosiihliiiicl. C,Il„lir,0,NAg. 
needles. lToiiip.timiao-cinn.aTnicai!id((iehn.;l. nnoMfi rnnpVNw' ' c 


B. 15, 230(1). 

Bi-bromo-cinnamic 


C,,U„nr,0, 


BROMO-CODEiNE e. ConKiNK. 

DI-BBOJV-COLLIDINE v. Biiin.iMo.Tai. 


C,Hj.C13r:CBr.COJI. Bromine miilea with 
phcnyl-propifdic acid producing di-brojno-cin- 
namic [130"] and alio lii-bromo-cinnumic acid 
[100®J. The acid [131)®J is not converted into 
An indonaphtbeno derivative by coiic. 11..SO,, 

whereas the acid [100®] forms ^ 

[123®] (whence hydroxylamine ^rms an oxim 
[195®], and aniline {orm.s an anilide [ITv 'd 
(W. Rcser, B. 20,1273, 157C). * ' 

a-BBOMO-CIKNAXIC ALDEHYDE aiLBrO 
i.e. C,H,.ClI:CBr.CHO [73®]. Formed from 
oinnamic-aldchyde di-broniide by splitting off 
HBt (Zincke a. Hagen, B. 17, 1B15). Thick 
tables or large monoclinic prisms. OrO| gives 
bromO'Cixmamic acid [131®]. 
Pkenylnhydraiide 

OA*OtEBr.OH:NwIIC«Uyi30®],gliitenlDgyenow 


■ .MI IIIVI, J-YlumST. 

I EHOMO- COMPOUNDS. Bromine unites 
j dinctly with most unsalurat« d compoimda, 
but there are nome case^ in whiidj it does 
i not combine wilii llo in m tho cohl, e.y, 
j fumaric, inchac.iiiic, tcraconic, lerebilenio, 
aconic, o- and p- coum 'ic, ami (8)-hydro})iporio 
iigcid) {cf. Fitlig, A. 22 ^ 211). Aromatic com- 
! pound.s comhiijo with -eiu flilhculty with bro- 
I mine, but when roducard to their di> or teirtt- 
I hydrides they take up bromine as readily as tho 
I ordinary unsaturated compounds. Bromine dU* 

( places hydrogen in saturated compoundR, tho 
! displaced hydrogen being given off as illlr; this 
reaction usually requires tlie aid of heat: tho 
substance is generally heated with bromine and 
a little water in a scaled tube. 

Uydrozyl may bo displaced by bromine by 
treatmest with HBr or PBr,; instead of PBr^ 

oof 
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redphosphoroi tnd bromine umybetiBed, ose 
of tne two being added gradoalW. 

Chlorine may be displaced by bromine by 
treatment with the bromide of K, Mg, Ca, Sr, 
llu, Al, Mn, or Co (Kuhnlein, A. 225, 194). 
CdBr,, SbBr, an«l AsHr^ sometimes act similarly; 
thus AsHr, at 115'^ coitiplctrly converts cliloro- 
aeetic acid and b<n/cyl <-hlorido into bronio- 
acetic acid and bint/yl bromide resp('ctiv('l}i. 

Iodine may l)is dis]>luccd by bromine by 
means of tlie br<-inid<M of Cu, Ay, Jly, Sn, Pb, 
A‘i, and hib. Bilii-i at iriO*^ only jmrtiaUy con- 
verts Ktl Ihomino itself can dis- 

pliicc iodine (K. Wycr, J.jir. [2] 111, 101). 

Aviidogcn may bo disjducol by bromine 
by using the diazo- reactions (p. IV.)9). In aro* | 
malic compounds it is suflieiont to add IlN'O, to ! 
a hot solution of the amino in llllr (r^osanitsch, 
It. IH, 119, V. (iho 

Carriers.—The displacomonl of hydrogen by , 
Hr is assisted by the pu ,.ence of carr iers which j 
first Combine will) the bromine, and liien pass it 
on to tlio organic ImmIv. The most Kiiilablo 
carriers f«>r bromim; are; ioditi'; AI11r„ (dus- , 
tavson, //. 10,971) foi briizene an I Immoloyims ; 
lurnTphoii: I’ fur fallv acids (lldl u. Ihintter, 
Ji. 11, H91), Sbllr,, 1‘V.Hr., Fellr.. and, better; 

I'VCI, (S.-lienf(len. A. 2;il, J.il; cf. Will- ■ 
gerodl, .L pr. [‘2J IM, ‘JiW). | 

Bromination of organic acids. The follow- j 
ing is a very convenient method, which depends 
upon Uic fact tluit the acid bromides and an- ; 
hydrides arc much more; easily brominateil limn i 
the acids themselves. Tlic acid is mixed with 
amorpljoiis phosphorus in cpmutily sutlicient to , 
convert it into tlio bromide or anhydride, and ! 
the corresponding quant ily of bromine udtled 
U>gc-tl\i‘r witli the extra aiuount re(|uired for 
bromination. Tlic mixture is heated to lOl)'-' 
tilt decolourised, when tin- reaction is cum|dele 
|HeH, Jt. 14, H91). 'I'he bruminatiun of fatty 
acids may also he readily elinT'd boiling 
their cliluridi':; witlj Jlr and CS,. (Miehaol, ./. /»e. 
(2] Jir», 92). Alkalis or water acting upon a- 
brouio- acids usually i»r«»ducoa-oxy-aci<ls, withd- 
broino- acids they form imsuturated acids, while 
7 -chl(*ro aciils becomo lactones (Fittig,/1.195, 
it»9; I'hlenmoyor, if. 11,11118; 15,19). 

Bromination of aromatic hydrocarbons. i 
llromino in pro.sence of a currier enters tho , 
bonzeno nucleus; bromine alone, or in jm senec 
of too Httlo iotlino, entei^s tho •’bit chains of 
boiling bydrocarltons. Sunlight promotes sub*. 
Atitution in tho side-chains iSciiramm, if. 17, i 
2922; IS, 350, 127‘^; 19, 212). | 

Bromination of aromatic amines. Bromine 
goes lirst into a position 2*1o tlio ML, and tlicn i 
into the 0 - positions, but not into a ni- position ; 
fNovilc a. ^Yintho^, if. 13, 9tl2 ; c. also Aromatic 
coMCousns, p.29y). ^ i 

Stabilityofbromo* compounds, Bromo- com¬ 
pounds arc less stablo than tho corresponding 
chloro- compounds; thus bromo-acelic and 
bromo-propiouio acids may bu converted by 
reduced ailvor into succinic and adipic acids 
resiicctively, in this they dilTor from tho corre- 
tpouding chloro- but resemble the iodo- acids. 
The relative stability of tho alkyl bromides de¬ 
fends ui>un tho reagents attacking them; thus 
Zu and ILSO* reduces iso propyl bromido more 
quickly than propyl bromide, the order being | 


eihyVj oa Qm 
Other band, albohdio ilaO£f aiUm prm! 
bromide more vigorously than isopropyl bronddia 
the order being ethyl, propyl, isoamyl, botyl 
isopropyl (Bemsen a. Eillyer, Am. 8, 261). 

Other characteristics of bromo* componadi 
may bo inferred from tho article on Crlobo- 
COMPO 0 NDB; the bromo- compounds resemble th< 
chloro- compounds in almost every respect. 

BROMO-CONIlNE v. CoMiiNe. 

BEOMO - COUMABIC ACID 0,H,Br0, 
BroviO’O’Oxy^cinnamic acid. Methyl deri- 
vative MeO.CJIi.CJIBr.COJI. [171®]. 8 

(CS.) *32 at 14®. From the methyl deri 
vative of a- or B- di-bromo-melilotio aoi^ 
McO.CjH,.C,H;Br.;.COaH and aqueous KOH (Per 
kin, C.J. 39,422). Small prisms (from CS,) 
bl. sol. boiling water, v. sol. alcohol. Boiling 
dilute KOll forms the methyl derivative oi 
cumaiilic acid MoO.C„H 4 .C,,.CO.^H. 

J'Hhyl derivative KtO.C«H,.C;,HBr.COjH 
[IGl®]. From KlO.C,U,.C,H,Br,.CO.,Et ane 
cold alcoholic KOII (P.). Flat prisms; si. sol 
boiling water, m. sol. OH.,, v. sol. alcohol. 

(a)-BR0M0-C0UMAEIN C,.lI,BrO.^. [110^] 
From coumarin dibromide and alcoholic KOfJ 
(Perkin, C.J. 23, 3C8). Prisms; converted bj 
alcoholic KOH into cumarilic acid. 

(B) • Bromo - coumarin C„IlaBrOa. [ICO®] 
From sodium bromo-o-oxy-benzoic al(lehyd< 
and AcjO. Khumbic prisms (from alcohol 
(Perkin, (J. J. 24, 37). 

(a) Di-bromo-couraarin C,H,Br„Oj. [183®] 
From coumarin, Br, and I (P.). Needles; alco¬ 
holic KOII forms bromo-cuniarilic acid. 

(B)-Di-biomo-coumarin C„U,Br.^Oj. [176®] 
From sodium <li-bromo-o-oxy-l)onzoio aldehyde 
and Ac O. Needles (P.), 

BROMO-o-CEESOL 0,.II,MeBr(0H) [1:3?:6] 
[89 ']. Fi'om bromo-o-loluidine (Wroblowsky 
.4^168,10.')). Golden needles; v. si. sol. water; 
the aqueous solution is turned green by FCjCl*.— 
K(MIj.BiOaq: red scales. 

Bromo-w-cresol CjHjMcBrfOH) [1:3:5] 
[57 ^1. From s-bromo-toluidiuc by diazo- rcactioi 
(Nevile a. Wiuther, C. J. 41, 421). 

Bromo-p-cresol C,H,(CH,)Br.OH [1:8:4] 
(211®). S.G. ”“1*5408. Liquid. Formed bj 
the action of dry bromine upon sodinm-p-cresol 

Methyl ether CJI,MeBr(OMo) : (226®); 

1*418; liquid (Sclmll a. Dralle, B. 17 

2530)!' 

Di-bromo-o-cresol C,,H,MeBr.,(OH). [67®] 
From O'CresoI and Bi. Volatile with steau 
(Werner, iff. [2] 40, 278). 

Di-bromo-p-cresol C„H.(CH,)Br2.0H [1:8:5:4]. 
[49'’]. I^argo cry;>lals. V. sol. alcohol, v. si. sol 
water. Exci»63 of Br fomv* C,IIiBr,(OBr) (W.). 

Benzoyl derivative C«H.MeBr,(OBa] 
[91®l, whito needles (Schall a. Dralle, tl, 17| 
251^'; Werner, Bl. [2] 46, 273). 

Tri-bromo-m-creiol CaHMcBr,(OHh [83®]. 
From m-cresol (W.). Needles (from olcohm)* 

Tetra-bromo-p-eresol C,Br,Me(OH). [Iw®]. 
From p-crc8ol (Baumann a. Brieger, B, 13,804). 
Plates; slowly decomposed by cold bromine^ 
water into CO,t and tri-bromo-phenoL 

BEOHO-CEESOI. 8DIPH0NIC ACID 
C.H,MeBr{OH)(S03) [l:2or6:6?;3]. fnii 
o-bromo-tolueua by sulpbonatioo, niintioo* w 
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(SthUar, A, 174.8M). m 84. Ml). Ino, (B O. H) fomt y-liwmo. 
-B»A',4J»«.-B»A',8ifl.-PhA'8»q. VD*oio»e{d. ' 4-1. 

iroiao.<»nl tnlphonie toif 0-Znm-n-nmnt C.H..CHBr.CH,.CHi. 

0,H,UeBr(0H)(80,H) [1:1;5?;8]. From (3,1,8)- Formed in tho cold by tho action of bromina 
brozno-tolueno^ aulphonio acid by nitration, re- f (1 mol.) upon n-ouraeno in direct flun.<;hino. By 
dnotion, and diaaotisation (S.).—Bji.V-3uii. further bromination in eimli^ht it j-ives i9.d{- 
Bromo-cresol aulphonic acid ■ bremo-n-ciimono C.iI.cnr...Cli...t'll,, but in tUa 

O.H,MeBr(OH)(.SO,H) From (l.l/J)- At it yicOds art-di-bromo-n-cunion® 

hrorao'toluene suli)honic acid in a similar way. CJIvCHIir.CIIHr.Cllj (Seliranun, />'. IH, 127r»), 
—BaA'^aq. i ijS-Di-bromo n cumonoCVHj.ClIHr.C'lIllr.CH,. 

fii'bromO'Cresol tnlphonic acid ■ From allyMw'ii/.otio (/-r.) anti iToinino (Itdg* 

C,HMeBr.( 0 H)(S 03 H). From • amulo- lu iinor, A. 172, liU ; Ka.i.'i.szfwski, V/. 7rt, 

toluene sulphonic acid and Hr (Ilaydiick, .1. Hod; Perkin, C. J.V.2, (Wi.s), J'nnn ti.cmnemo 
174, 353).-KA'aq. BaA^H.iaq. ; and bromine at lOO'"’ (Wi.'ejn’’ .I. 21^, 

a-BBOMO-CBOTONIC AClB C^II^llrO.,, i.e. ! 381; cf. i^.}<upra). Silky lueilies (fiMni ivleoliol), 
CH,.CII:CBr.CO;.IJ. (10l>*5°]. | ^/J-Di-bronio.»i-cumene C..H^.CHr..(*Hj.Cll|a 

Fon;«ifinn.—1. From aa-di-bromo-M-bufync Du nyl-tihyl-lu'l ’/u'-u'i lirom'.ih'. Form(*d In tho 
acid and alcoholic KOH, Nil,, baryta-wnter, or ; eoKl l»y the action of Iniimiiie (2 ni«»b-.) upon 
AgxCO, (Micliael a. Norton, Avi. 2, 15; I’.rb-n. ; n-ciimene expoi^od to direct sunshine (Sclmamm 
nieyer a. Muller, li. 15, 4'.)). 2. From o/?t.di- | JJ. 18, 1275). 
bromo-butyric ether and alcoholic KC>II(Mi( lmel | aa/J-Tri bromo n-oumcno 
a. Browne, i4m.b,280). ■ 3. Together with broino* ! C„ll;..ClIHr.(ini)r.Cl{ Jlr. Stj/rerin iri bronu 
pyrotartaric acid by tlie action of bromine <»n ; hi/tlrin. [121'^i. From cinnaniyl bromide and Br, 
propahe tri-carboxylic aoM (BischolTa. GutbiN'it, i or by thu aelioii of llBr on Ibe dibrotnidu of 
/i. 14, 61C). j einnamyl alcohol ((Irimanx, /*'/. 2(t, 12u). 

Pro;»crfi>.<.~Loiig needles (from water);! Toira-bromo-//-cumene C„lI,Br,. Liipiid 
needles (from ligroin); m. sol. cold, v. sol. hot, ^ (Kiltig, A. 1-4',>, 327). 

water.—Ag.V: white needles,quickly affected by j o-Bromo-cumene CJl.BrPr fl:2). Jinmo- 
light.—Ba.\', (205‘cor.) at 7 hi mm. From 

vH/o-a-Bromo-crotoxIie acid isoprop'yl-plo ie)l and I'P.r., (l-’ib li, (7. lb, 131). 

CH,.CII:CBr.CO.H. [‘JU’j (K.); [1)2'’] (M. a. N.). p-Bromo-cumono C.,ll,Brl’r [1:1]. (217). 
From tt/3-di-brorao-butyrio acid (dibromide of S.G. 13(iM. I’n pjircd by bjin»iinating 
crolonic acid) by treatment witli alcoholic KOI I cumene at 0 in ]in\-cnec of 1 (.jacobaen, li. 
(Michael a. Norton, Am. 2, 15) or NaOll.Vq (C. 12, •13U), With iM ti/ojn’, Nji. nml CO, it gives 

Kolbe, /. pr. [2] 25, 31)1). euniinie neiil (It. Mevt r, ./, p/. [2j 3|,‘».l). 

ProjvWn’.'?.—Lon)' needles (from water); Ponta-bromo-i umenu (’,,11 Br.,. iH7 |. From 
needles (from ligroin); in. .sol. hot ^'att’r. - Ag.\'; cumene aiul Br (.M'-utl, /. lHii7,322; Fittig, 
needles, little affectial by liglit. DaA';. 3(aq. - .fl. 113, 32r.). < i l. sol. oold alcohol. 

CaA',j3aq. * Bromo-C'-cauionc F..IL(Cli,)»Br [l:2;i:S]. 

B-firomo-crotonic acid CII..CBr;CH.COJI. (73 j. ( 2 .!T ). Wliili-plains. 

(95°J. From tetrolic arid and cone. lil.r-V-j at \. J'.y l!u! action of cnproiis 

O’’(Michael a. Browne, ,1>». 9,277; ./. 7 )r, !‘J, 35, ; brrrnilv nptc* dia/.o-p:-< utlo-cuineno (Haller, Ji. 
258). Flat needles (from water); fratiuiy' 1 h, 3").—2. By the action of broniino (1 tnol.) 
groups of tough nei-dlr.s (from ligroin); kI. .sol. in the djir! njion ]»s4‘udo.(unnenc; ti )0 yield is 
cold water,m. sol. hot watt r. -Ag.V: umorjihous, bl) p.c. (Bol irm, A. 137, 323; i'iltig, .1. 139, 
readily affected by liglit. Ila.V^nq.--KA'. 1H8; 115, 138; Scliramin,/f, 19, 210; hiissen- 

aB-Bi-bromo-crotonieacid g'ltli, A. 215, 213). .3, By tin: action of bromine 

CH,.CBr:CBr.C()Jl. [‘db']. From tetndic aeiil | upon un a<jueous solulion of pseuclo-niimcne* 
atid Br (Pinner, li. 14, 1081).--Boiling witli l sulphonic ae.iil (l:2:l:5^ 70 p.c. in converted into 
AgjO gives ((I,II-.Br),. [llO' j. j brumo-^^-cnnirm;. tin* reinamtler forniijjg broino. 

BBOMO-CUMALIC ACID C..HJlr0,((’0 Jl). ! cunn nc Milplionic ami C,,HMe,Br(SO,Ii) 
[17C“]. Formed by the action ot biomiiir nji ^ [l:2;l:3;5'i (KoIIjc a Batin-, Jl. 19, 1547). 
ciimalic acid in acetic acid solnlinn (Bt l.•llnia^m ■ Bromo - ^ • cumene Me^Br [1:2:4:3]. 

a. Welsh, Ji. 17, 2390). Colourb-ss glistr.iing (220 ‘-22!t ). Colonrh-ss t»i). Forniotl by tho 
lU'odlcs. Can he distilled in small quanlifics, liydroly^iiof l)ie sulphonic acid C,JI,Me;,Bi (S()Jl) 
V. sol. alcohol, ether, acetic acid, and cbloro- ' (l:2:t;:(:5, by nn .ii.s of ijx iinatt il 'train at 
form, more sparingly in benzene, insol. ligrt.in. ; 299'’ 219'. By M'I nml '^a it yir|.I < r-tetra* 
Methyl ether A3Mc; [134 !, prismatic inctbyl brnzeiir (K«;ib»-a. Bathe,/). 19. 15.51). 
nee^es, sol. alcohol and benzene^ si. sol. dber, • Bromo-if'cumene <;.,ILM4\,Br (l:2:l:i'.’(237^). 
insol. water. Aqueous Nil, converts it into ilio laquid ; f.tBl Iluid at 15". Obtaine>l by Itydro* 
methyl ether of brom-oxy-nicot4nic add. ^ ly.sis of the suipJto) it ar:#! (l:3:I;ri;2j. By suU 

O*BB01C0>n-CDM£N£ Cy]l,,Br i.e. CiHdirBr ; jilionation it is rrcoi- .-rtr-il into tlio same suU 
(1:9). Bromo-n-frropyhbenzene. (222 i. V.). A phonic acid (Jacobst'n,19, J‘223). 
mixture of this body with the p- is<<meri«b> is j af-Bromo<)^*camone(J,ll .(ClDj.CIl-^Cl. Psc(((2o« 
formed by the action of Br on propyl-benzene ; enmyl bromuh. I.iquid. iJeromposes on diB> 
in the dark or on cthyl-bcnzene mixed with I ; lillalion. I'ormed by the action in direct sun* 
in diffused daylight (Schramm, P. 18, 1271). j shine ot 1 mol. of bromine upon 1 mol. psoudo- 
XMnO, gives o-bromo-benzoio acid. { cumene (Scljramm, Ji. 19. 217). 

^Bromo-rt-cumene CJl,BrPr [1:4]. (220'* j Di-brorao-«k*cume!ie C^IIMcaBr.^ [1:2:4;6:61, 

•or.) From CJI,Pr and Br at 0’ in prc.sence of i [Cr]. (294'''). Formed by the action of 1 mot 
t ^eyer a. MhJier, B. 15, 998; U. Meyer, /. pr. i of bromine upon 1 rnol. rnono-bromo*pseud^ 
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timmtt by gaslight, or in the 3ark (Soliramm, 
Jacobaen, B.■ 19,1220), Long flat 
needles, v. sol. alcohol. 

«,,«3.Di-bromo4.camene CgH,(CHj)(OH,Br), 
[1:2:4]. Paeudo-ctmiyletie bmnide. [97°J. fiat 
glistening needles (from petroleum-ether). V. 
sol. alcohol and benzene. Formed by the action 
of 2 mols. of bromine upon 1 mol. pseudo-cumene 
in direct mnshvic {Schramm, D. 19, 218; Hjelt 
a. Oadd. n. 19. 807). 

Tri-bromo-\^-cunione C^MeaBr, [1:2:4:3:5;C]. 
[220 ’) or ccjr.l. V. sol. hot toluene, si. sol. 
alcohol. Formed by the action of Br (3 mols.) 
in the dark -^n ^^.cmiieno (1 mol.) (Fittig a. 
Jjiiubitigcr, A\ 15r,'2()4; Schramm, Zl. 19, 217; 
JnobHr.n, B, 19.1222). 

BROMO^ UUMENE-SULFHOKIC ACID 
CJIMo.Br(SO,lI) [1:2:4: fitbj. [c. 121®]. Formed 
by dwsolving bromo-t-cumenc (73®] in warm 
slightly fuming tl.SO,. Needles (containing 
2ai]). By treating the Na salt with zinc-dust and 
a(|ueous Nil, it is debrominated with production 
of {l,2,4,6).psoiido-cunioiie siilphonic acid. 

SultH. - A'Naa<|.—A'.Cadaq.—CuA'.j4a<i.— 
BaA'.. ’aij. -KA'mp 

A^kide CyiMe.Br(SO,NH,): [18.^®]; small 
needh'H, v. sol. alcohol, nearly insol. wahsr (Jacob¬ 
sen, B. 19, 121H; Kolbe a. Fatho, B. 19,15o3). 

Btomo-i)'-cumono-sulphonio acid 
CJIMe,Br(SU,ll) [l:2:4:0:3|. Fornu-d, logother 
with thodi-hromo- acid,by the action of (jlSOali 
upon di-lirorn<>-<^-cumeno. - NuA' 'aq. 

Amide (^„llMe.Bi(SO,NlI,)[158®]; thin 
nerdlea (.lacobsen, B. Itl, 122.2). 

Broiao-i;"Cumenc-salphonic acid 
0,UMe.,Ur(S()Jl) (1:2.(UG®]. Colour- 
lesa necilles. Formed l>y the action of bromine 
upon an tMiui'ous solation of psriido-cumcnc- 
sulphonic aciil (1:2: t:.51; 70 p.c. of the psoudo- 
cmneno-aulphonic aetd is cou\cilrd into bromo- 
pscndo-cuincmi [73®], the rt'mainder 
tlu* hromo-sulphonio acid. It. is u(s(Vonned by 
sulphnnation of hromo-pseu<lo-cumo.no [1:2:4:3J. 
The hiUer body is formotl hy the notion of Biq or- 
heated steam upon it at 200 "- 210®. 

Salta. • • Nn.Vu'p • KA'aq.Ag.V'aq.— 
BaA'.. aq. 2aq. 

A'inidc (:,liMe.i;r(SO..Nir) : thin 

needles (llelbe a. Tatlie, B. 19, 1517). 

Di-bromo-tt-cuniciie-sulpbouic acid 
C„Mo,r.r_.[Sl),il) j 1:2:Oldaiiu'd by sul 
piioiiation of di-hiinuo-pseudt^-cvmeno with 
snlphuric cldorliydrin. 

S a U.--NuA'. ■ Na.\' uq.—BaA'... 

Amide C.,M(v,Br.(S(),Na,) : [above 2.>0®i; 
plates (.hioobseii, I'. 19, 1222). 

BHOMO-tl-CU2llENO:L C,UMo,Br.OH 
(l:2:4;3:5]. [25®J. Formed by brominatiun of 
psoudo-cumenol in cold acetic acid. Slender 
yellow needles. Insol. water, v. sol. other sol¬ 
vents (UiMiter, B. it, 29; Auwers, B. 18, 2657/. 

Bromo-iso-cumonol CJ{,rrBr(OH) [2:4:1]. 
[49®]. Broino-hofuvinjhjdicnol. From o-iso- 
propyl-phenol («i-isoeumonol) and Br {Filcti, 0. 
16, 117). IV'Composes at 250®. 

Methyl .fArrC.HaFrBriOMo). (250®). 

Di • bromo • i)* • oumenol 

C,Me,Br^.On ri:2;l::l:6:5:. [149®]. Formed by 
bromination of psoiulo-cuinenol dissolved in a 
•mall quantity of acetic acid. Long colourless 


pnsm ot needles. Ineol. wafer, m. wL aloohoL 
acetic acid, and benzene, v. sol ether. 

Methyl ether O^Me;Bra.OMe : [96®]. 

Formed by methylation of the above or by 
bromination of pseudo-cumenol-methyl ether. 
White needles. Insol. water, t. sol. other sol- 
vents (Auwers, B, 18, 2657). 

Di - bromo - tj /-oumenol 

C„Me 3 Br.;OH [1:2:4:3:6:6]. [162®]. From 

CJIMc^Br., [1:3:4:2:6] (Edlcr, B. 18,630; Jacob¬ 
sen, B. 19,1220). 

Di-bromo-iio-camenol 

CJI,BrBr.^(OH) [2:4:G:1]. From o-iso-cumenol 
and Br (Filcti). Liquid. 

Methyl ether CJLl’rBr.lOMe). (279®). 
HNO, forms a nitro- derivative 
CJi,FrBr(NO,)(OH) [2:4:0:1]. [33®]. 

BROMO - CBMINIC ACID C,„H„BrO, t.s. 
C,H,Br(C,II:)CO,lI. [151®]. Bronuj -propyl, 
betuoic acid. From Br and cuminio acid or 
silver ctirninalo (Naquet a. Luginin, Z. 1866, 
3.3.2; Gerichh n, B. 11, 1719). From bromo- 
oyincne a)id IINO^ (Filcti a. Crosa, O. 16, 296). 

L'iV)-bromo-cuminio acid C.,IIjir.C.,n,.COJl. 
From Br and cumime acid at 120® (Czuiupelik, 

B. 3, 478). 

BROMO-CUMYL-BUTYRIC ACID 
C„Ii„BiO, i.c. C,II,Pr.au,.CHBr.CO.,H. [1.50®]. 
i’’j'om cumcnyl-crotonic acid and lIBr. Prisms. 
Dreomposed by Na.COg giving allyl-isopropyl- 
hni/cnc (Perkin, C. J. 32, 662). 

BROMO-CUMYL-FROPIONIC ACID 

C, ,U„BrO, i.c. 0 ..U*Pr.CU,.CHBr.C 03 H. [87®]. 
From cuinyl-acrylic acid and lIBr (Perkin, G. J. 
:42, 661). Besolved by boiling water into HBr 
and cumyl-acrylic acid. NaXG.Aq forms vinyl- 
isopropyl-bcn/.em*. 

Di-bromo-cumyl-propionic acid 
CJI.Pr.CllBr.CIlBr.t’OJl. [190®]. Fromcuinyl- 
ucrviic acid and Br (Whlman, B. 10,258). 

BROMO CUMYL-VALERIC ACID 
C.,U,.,ni(), i.c. C,U,Pr.C,U„.CHBr.CO,H. From 
cnitirnyi-ungi'Iic acid and llBr. Prisms. 
NaX(.)jA(j givfH isijpvopyl-butenyl-benzcno (Per¬ 
kin, J. 32, 663). 

BROMO-CYANO-BENZENE v. Nitrile of 
Budmo-hknzoio agio. 

BROMO-p-CYMENE C.JI^Br i.e. 
C„Hj(Cil 3 )(C;.IL)Br [1:4:2]. Bromo-p-methyl^ 
n- 2 >ropyl • banene. (234® i.V.). S.G. •LV' 1-27. 

2*'oma/ton.—1. From cymenc and Br (Lan- 
dolph, B. 5, 267).—2. Together with bronio-p- 
cymeno - HulplioTiic acid aU^MePrBrlSOjlJ) 
[1:4:5:2] by the action of bromine upon an 
aqut^uui solution of p-cymcne-snlphonic acid 
(Kelbti a. Ki)schitzsky, B. 19, 17.30).- 3. The 
BJinio or the following bromo-cymeno is formed 
by hydrolysis of bromo-p-cymenc*sulphonic acid 
aiLMoPrBr(SO,n) [1:4: .'.orG :2] (K. a. K.). 

Bromo-p^cymeno C,H,(CH,,)lC,H:)Br [1:4:3]. 
(232®). Frorn thymol and PBr, (Filcti a. Crosa, 
(r. 16, 287). Formed also by tlm action of 
bromine upon ana<iuoous solution ofp-cymene- 
sulphonic acid (Mc:Pr:SO,lI -1:4:3) (Claus a. 
Christ, B. 19, 2165, v, supra). 

Di-bromo-p-cymene CslLMcBr^Pr. (272'’). 
S.G. 1*596 (Claus a. Wimmel, B. 13, 903). 

(a)-Bromo-m i 80 cymene OJljMoFrBr [1:9:6]. 
(225® cor.). Formed, together with bromo-iso- 
cymeno sulphonic acid, by the action of bromina 
on 'n-iaocymeno sulphonic acid (Kelbe, A. 210, 
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10} 195, 901). Oxidised hf dllfite HKO, to flTmenol witb * eolQUon ol htmia* in HBv 
bromo-tdole add [110°]. (leearun, B. 19,1414). 

(i8).Bromo.ifoeymeae 0*H,Me(Pr)Br [1:3:4]. BBOMO-CYltlDIirS C„H,MeBr(0,H.).NH, 
(114°). Got by distilling C,H;Mt‘(l‘r)Br(SO,K) From bromo>Qitro>oymeno. Li<|uid (Maatara* 
[1:3:4:6] with superheated fi(*!aiu (Relbe a. Czar- <?. 16, 

BOinski,il.235,29H). Dilute HNO,oxulisos it to BROMO-DECANS t«. Deoyl DUoutDK. 
bronio-toluic acid C.41sML'lirCO,.n [1:4:3] (D'H’’). Di-brome deesne - Decylcm brow- 

Si-bromo-m-isocymeno (273'^ ; ufr. Oil. From pelroleuiu dn'yiono (Ueboul a. 

uncor.). Obtained by brominatin;' (tt) lin)ino- ; Truehot, .4. 114, 24H). 

w*isocymene sulphouic acid (Kclbo a. C/.ar- ; * Bi >broiuo• decano Ditimyleiu 

nomski, i4. 235,2(Sl). Couvertod by ftnnin;; llNi), i browiilr. From diuJiiyli nc aad tlr (Ihiuer, A* 
intonitru-bromo-iso-CYmciu.‘{.Vll, .^NOJlir [HU J. \ 135, 311). Lujuid. Akolu lie KOII gives rutyl- 
Bromo-p-cymono-sulphomc acid I eno C,„ll,,, (150 '). 

CJInMeFrilriSO,!!) [1:1: aorO ;•>]. Tri-bromo-docaiie C,„n F",. Oil. From 

fncthyl-n‘pro]ii/l-Wn::fUt‘ iiulnh 'niciiciil. Vormvil, \ diamylcno and Dr (V.ulz, /. IS68, 316). 
together with bronio-p-cyincno C\ll.Merrl5r ! Dccoinpoarh at 100 

[l:4:lj, bytlio action of bmmino upon ;> cynioiu - ! Teira-bromo docune C,„H,Jir,. McntlieM 
sulphonio acid C„U,Mcl'r(S(),il) (l:l;2i in ' t<:ti\tbroiiii<li'. Fioin nuMitla iu* and Dr (lleckott 
aqueoussolutioii at40'-50'’(Kelbea. Ko''cliit/.lvy, ; a. Wrij-'lit, t <)/ Jiriiish vis.s. Is75, ii. 88). 

B, 19,1730). Formed also from oymiilijic by (.01, Kplit up by distillation into JlDr and 
sulphonation and diazotisution (Widnian, JJ. cynn-ne. 

19, 218). Sodium amalgam reduces it to n- Tetra-bromo-dccano CmII,„Dr,. T\’ccnylenc 
cymcnc sulplionic neid. bromide. Frojii dct-inono (165 ) and Dr. 

Salts. K.Vaq. DaA'.lUij. S. Iatl7’.— Oil (iteboul a. Truolud, .1. Ml, 219). 
DaA'alU'l-—CuA' J2 i.i. Totra bromo decane From allyl- 

Amide C„lFMerii)r(SO.;NlI.): [152 J. l-rnpylidcue propyl-melliano (158’^) and Dr (lie- 
Bromo-/'-cymcnc-8ulphonic acid ! lorm.it^kv../. ;»•. |2] 27, 3so). 

C. Il,M( l'ii:r(SO,ll) I'oini, .! hv rul. | DI-BROMO-DECINENESC„ll„15i-, llospribod 

phonatioii of bromo-p-cymonc (1:1:2) with H SO, ns hydrubromides of tcrpcncs. V. nho Dohnyl 
(Kclbe a. Ko.'Cliit/.sky, Ji. 19, 1732; C3aus a. 1 loniMJiii:. 

Christ, If. 19, 2](>3; lleinstn a. Day. Am. b, ■ Di-bromo-docinene C,„lI,J>r^. From di- 

151), or ClSOjH (raterno a. ('anznn. ri, G. 11, | amylciio and Dr, ]>. 211. 

126). Long needles contaijiing 3a<i [o. 0.0 ]. By j Tetra-bromo-decineno C,„!f,,Dr,. J)M»-omo- 
zinc-dust and NHjit is on-^ily dcbrtiminal*-d to \ eami'kilidmc dibnuHide. [160'^-161‘-‘’|. From 
^j-cyinene-.^iilphonic acid (1:1:5)?. eam[ihor and I’ClaHr. (Do la Uoy^ro, HI. [2j 38, 

Salts. K.\'3aq.—DbA'.. S. 2-1 at 30'. -- 579). Dnetuous tabhs. 

AgvV. CaA', yu.p NaA' i'n i (U. a. D ). - vBROMO-DECOIC ACID C,„ll„.DiOa t.e. 
/iiA^.Haij (it. a. l>.).--M;.'A'._.t»',a'j (H. a. D.). — C„ll,,.CllBr.Cir.CH..(.''0_lI. From deecnoio 
CaA\ (It. a. !>.).- CaA'.Oa'j. - DaA'.tipij \ a.nd («,’. i’.) ami IlDr (Scimeii'ans, /!. 227, 92). 
(D.a.D.). J;.iA'.;5a'j. S. l-37al 27Cii.\\.j Heavy oil. Na.CO;, n inovcs llBr forming tho 

Aviide (/,_llMi ri nr(SO.NlI J: [ibH'J i lai'toi.a of oxydecoic ac*id. 


(K. a. K.) il95^J (0. a. 

Chloride C.,ll,MrI’rlhSO,ri ,.h2‘J. 
Bromo-p-cymene-sulphouic acid 
C,H.,(CH,)(C,H.)Di(SO,JJ) fl;l:5;3\ [180^ 

uiicor.]. Formed by bromination of an a-pii oua 
solution of p - cymene • sulpluoiic aeid 
C,ll,M'‘I’r^SO;,ll)! 1:1:3'. Cilistening eulouriesa 
plates (Clans a. Christ, IJ. l'.(, 2ira'>j. 

(a)'Bronio-iBO-cymene sulphouic acid 
cX^Ic(l'r)DriS(».H) [l:3:i;;r. juid !126']. 
From (a)-hr<iiiui iso-oymene by KtiiplH'i;ali"n, nr ! 
from (8)*i'OcynH-int sulpliunie acid by bi oniiia- j 
tiou (Kclbo a. Czarnoitiski, /1.235, 277). N*' dh s i 
containing 3a(j (from water). After a w. rk’o | 
exposure over ILSO, it null.s at 12*'. Suits. — j 

DaA',7u<j. -CuA\7a‘|. • KA'mp- NaA'2uij. j 
Amide C,„Il‘,Dr.S(),Nll, ;i7L;. | 

( 3 )-bromo-ot-i 80 'Cymeue sulphonic acid , 
C,.H,.lir.S(),H U. C.UAl4c,ll)Hi(Si),H) 
[1:3:4:C'. [io9‘’]. Formed 'l.|f braminati<Mi o^ 
W-isocyinene sulphonic acid (Kclbe a. Czar- 
nomski, A. 235, 272). Salts. — Fb.A'ytnj.— 
BaA J. — CuA'-, 4aq. — K A' a<i. 

Amide.^ C„.H,,Dr.S() NH. ri62^]. 
BROMO-CYMENOL CJI A^•l’^Dr^OH) 
[l:4:3:2or6]. From ttiaido-cym'-nol by the ; 
diazo- reaction. Oil (Mazzara, G. It*, 191). I 
Tri - bromo - cymenol C,Me(C,H,)Dr,(OII) j 
[lil:!]. [222'^]. Glistening golden plates, j 

Fprmed by shaking an aqueous solution of j 


Di-brome..decoicacid C,„lI„.Dr/>.^. ])i.bromO‘ 
C(i 2 ff'i 2 acid. [135']. From dertmoie (‘atnydceyl- 
etiio ’) acid and Dr (Hall a. Sclioop, IS. 12, 194). 
Monociinic prisms (from bcnziMU:). 

DI-BROMO-DECYI. ALCOHOL C,„H,„Dr*0. 
Oil. From allyl-di-iKopropyl-caibinol and Dr 
(Lebcditinky, J.jir. [2] 23, 22). 

BROMO-DECYLENE 0,„H,„l!r. (215 ). S.G. 
12 DlO'.b Oil. From deeylene liiutuidii (y. sup.) 
ami ulcoliolio KOH (Kebool a. Tiiiehet, A. 144, 
2ls). v'boiiolio .^’Oll foiiiis C,„n,, (165'^) and 
C,Ji,,(>Kd. 

Bromo-dccylene v. Mn.NTtivii luioMiim. 

Di-bromo-deeylene C,JI,J{r... Jheinent 
bruiiiide. Oil From C,,/l„ and Br (U. a. T.). 

Di-bronjo docy'sne C,„ii,„Mr^.. From ter- 
]>ilene hydride and Br {.Montgollier, A. Ch. [6J 
19, I5H). 

Di-bromo-decylciio C,„n,,Br.^ From rutyl- 
enc and Br (Dane), K 1#5, 341). 

DLBROMO.DODLCANE C,,U,,Br, [-15°]. 
Jhderylene bromide. Formed by the addition of 
Dr^ to ilodecylene (Krnfft, Ji. 17, 1371). 

BROMO-ISO-DURENE CJHJrMo, j 1:3:4:5;$], 
(253''). Liquid; solidilied hy cold (Dielefeldt, A* 
198, 3H8), 

BromO'S'durene CJIMc,Br [1:2;4:6:3]. [61^. 
Dy bromination of durene (Gissmaao, A, 319, 
210). Pearly plates (from alcoliul). 






Di-l)romo.lM.aurene [l:3:i:6:2:4 

[209°]. liong fine needles. SI. sol. hot, v. si. sol. 
cold alcohol. Prepared by bromination of iso- 
dutene (Jacobsen, B. 15,1833; cf. Jannasch, B. 
8,850). 

Dl-broino-s-finreno C,Me,Br.j [1;2:4:5:3;6]. 
[203°]. Needles (from alcohol) (Fittig a. Jiin- 
nasch, Z. 1870, 161; Fricdel a. Crafts, A. Ch. 
[0)1,51.5). . 

BROMO - DO&JSfOL C,„II, ,Br.OH [118°]. 
Foriucd by broinhiatiou of durcuol in acetic acid. 
Lonj' prismH. V. boI. alcohol and ether, insol. 
waUir (.Tacobflfn a. HclinapaufT, If. 18,2814). 

DI-BSOMO-ENNANE C„lI„Br,. Nonyicne 
Iromule. From Ih and ennyleno (from paraDIn). 
Alcoholic KOIl forma bronio-eniiylene C„li„Br 
(c. 210") (Thori)f! a. Youn;', A. 105, IK), 

BROMO-ENNOIC ACID JI,Dr.CO,H. 

From enncnoiti aci<l fl.,If,,.()., and HBr. Decom¬ 
posed by warm a([ucmi;i Na/JO., fonniicj an oil, 
probably (St;line<-;[anH, A. 227, Hit). 

BROMO-tNNYLENE r. Di-imf.Mo-KNNANi:. 
BROMO-ERirCIU ACID (^,.H„lJrO,. [.'M®]. 

From di-bromo-behontoacid and alcoholic KUH. 
(lonv(srtedinto hehcnoli(! acid by alcoholic KOll 
(llauaskiiecUt* A. ll.'l, .50). 

Di-bromo-erucio acid [47°j. 

From bohenolic acid and bromine (II.). 
BROMO-ETHANE v. Ktiiyi, imoMioE. 
Di-bromo-ethane v. Etuyi.knk buomide and 
EtIIVI.IOKNK imoMIUK. 

u-Tri-bromo-ethane (lIlljr.j.OILIlr. JJrovio- 
tthylcnc bromide. (Ids ) at 752 mm. S.G. 
2-G18'.l; 2-0107 (Ansehiil/, A. 2'11. i:w). 

M. M. 12-H',I7 at U-7“. From ('lIMiil'tl „ water, 
and Bi (Whirtz, .4. Ch. [It] 5], ^^1)., AKoformod 
by the action of Dr ethyl bromido,^otliylcno 
bromitle, or ic«h» i fliyleuo (M. Simpstin, l\ M. 
[4] 14, .014; Caventou, d. 120, 520; TawihlarotT, 
A, 170. 22; Slacdel, K 11. 1711). 

livoction.-i.- 1. Alcoholic KOII pives ?/-di- 
broino-t'thyUjiu', brorim aoelylfin*, and acetylene. 
2. fr-Di.broino-«'thyh‘iM‘ is nt.so formed by tlio 
action of alcoholic KOAc, water and DbO, and 
KaOKt (Miclnud, .Im. 5, 1U2). 3. SbCl., Kiveg 
CHC1.,.CU Jh- (Henry, Dl. [2j 42,202). - 1. Deiiz- 
ene in presence of aLcI« pihduoes* lnt»mo-bonz- 
ene, s di phenyl edmne, and u-di-phonyl-ethaue 
(Anschiilz, .4. 235, 333). 

n-Tetra-bromo-elhaiio CBr,.Cll.;Br. Acetyl- 
idenetetrabromidfi. (Itl3'5'') at 13-5 mm. S.G, 

2 0210. From CBr/.CIL and Dr. (Anschutz, 
221, 140; Lonnox, C. J. 13, 200; Keboul, A, 
124. 270). Also from tvi-bronm t (hano and Br 
(Donzol, Ji. 12, 2207r'. Decomposed by heat, 
givinitoff Br^ ami HBr. Convt ited by bon/.eno 
and Al.^C-h into n-di-pUenyl-etliane. and .s-tetra- 
phcnyl-cthano t’IllMv,.CIirirj [2l0\i: bromo- 
bonzone and acetylene dibromido being also 
tornKKl (Ansehiilz, A. 235, 100). 

s-Tetra-bromo-ethane CUBr..CIinr.. Acetyl' 
4n4 ietra-hivmide, (114^ luiu. S.G. ~ 
2'9629. Acetylene, from CH,Br.^ and alcoholic 
KOIl is passed directly into bromine. Tho pro¬ 
duct, containing CIlBr,.CllaBr, is treated with 


mm iM U^airt oaBrCSB, !, i— 
ra^ from eH,.-OHBt by 

oo? 5®. '’5«ed ^th bromine (Ansohat! a’ 

B 9,140 

Proper/ics.-Smells of camphor and chloro¬ 
form. Takes up moisture from air, becoming 
cloudy. At 185° it begins to decompose, giving 
of! Brj and HBr, and leaving C^lBr,. With 
water and bromine at 185° it gives C,.Br< and 
C.^Br„. Boiling alcoholic KOIl forms a'cetylene 
and bromo-acetylene. Zinc added to its alcoholio 
solution foriT)3 acetylene dibromide in the cold, 
but on wanning it forms acetylene. With boaz- 
ene and A1.^C1„ it forms bromo - benzene, K-di- 
I plienyl-cthanc, anthraceno, and anthraquinone 
I (Anschutz, A. 235, ICl). AljCl^ alone forms 
CIlBr;,.CH 2 Br and C^Jru. Toluene and AljCL 
! give di-mcthyl-anthraccne [225°]. o- in- and 
])• xylene appear to give tetra-mcthyl-anthra- 
cenes. 

Penta-bromo-ethane CBra.CBr .lI. [10°J (S.); 
[54° 1 (D.) ; [57°] (B.). (210°) at .300 mm. 

Formation. ~l. ¥rbm CHBnCdlr;, and Br 
(Lennox; SabanejelT, A. 210, 2H1).—2. From 
bromo-etiiylene and Br (Denzel, fi. 12, 2208).— 
3. From bromo-acetylcnc and Br (lleboul, A. 
124,208).—4. By spontaneous decomposition of 
tri-broino-etbyleno exposed to air (Demole, 2)1. 
[2J 34, 204).—5. From acetylene tetrabromide 
and Br (Bonrgoin, Bl. [2J 23, 17.3),—0. From 
aucfdnic acid, water, and Br (Orlovsky, J. R. 

y, 280 ). 

H»>za*bromo.6tbaue CjBr„. Carbon heza- 
bromide. Formed by brominaling OJlrJI (lle¬ 
boul). Formed also by the action of Br ana A1 
on CC1„ C.^€l^, or CXi„ (Ouslavson, J. It. IJ, 
287). Also fi'fun inucobromic acid, water, 
n!ul Br at 130° (Delbriick, A, 105, 253). Prisms 
(from Cyj; insol. alcohol. At 200'-210° it 
di.'C^niposes, witliout previous fusion, into Br 
ana D.Br,. Unlike the latter, it is not volatile 
with steam. 

BROMO - ETHE N Y L - K APHTHYIENE-DIA- 

o.cir, 

6 --0 

c.ii/ I 

SCDr : CII 

[220°]. Formed by reduction of the acetyl 
fierivutivo of (l:3:i) bromo-nitro-(a)-naphthjI- 
amiih' with Sn(*L. Small white needles. V. coh 
alcohol and ether, insol. water. Thn cthenyl 
group is very stable. Halts. — B'HCl.— 
D',H,.SO/ : sparingly soluble needles.— 
B'llNO," : fine while s[arlngly soluble needles 
(Prager, B. 18 , 2100; if. McMola, C. J. 47, 605). 
BROMO-ECHOXY- r. Dnon.^ oxY-. 
BROMO-ETJJYL-ACErO-ACEnC ETHER t;. 

BnOMO-ACETO-ACKTIC RTIIKU. 

c/ Bromo-cthyl.aooto.acetie-etber 0^11,^BrOg 
i.e. Cir.CO.O]ltri),Kt).ClI..Cir,Br. Heavy yel- 
jowishoii ofeamphor likeodour. Kotdistillable. 
Formed by dissolving triniethylene-methyl- 
CH,v XO.CH, 

ketone-carboxylic ether ( la 

CII./ \CO.,Et 

three times its weight of strongly cooled cone. 
HBr (1*85 S.G.), allowing to stand 10 mins. al 
16° and pouring into iced water. Bjr boifisf 






iri^ BOl aM ooatvrttd bto toi^ 

M OH,.OO.CBrOH,.OH|.OH ^ p. 46) viUi 
formttioo of tleohoi, 00« and HBr (Perkin* jon.* 

Trwtf 0. /. 61, 833, J§. 19, 2566). 

BS0X0«STR7L AXCOROL v . Gltcol brov* 
BTDRCK. 

Dikromo-etkylalcoholCHBr^.Cri.OII. (180®). 
S.O. ® 2*35. Prom bromo-ethyleiie and dilute 
HBrO (Demole, B. 9,49). Deduces autmoniiical 
AgNO,. Alcoholic KOH gives bromo ttliyleno 
oxide. Aceiyl derivative CHBrj.ClL.OAo. 
(194®). 8.0.2 1-98. 

BBOXO • TRI. ETHYL ■ AMINE. FAhylo- 
bromide CjH^Br.NEtjBr. From NEt, and 
ethylene bromide. Alcoholic KOH forms 
CjII,.NEtjBr (Hofmann, C. H. 49, 880). 

p.BBOMO.ETHYL.ANILINE C,.H,Br.NIIEt. 
From P'bromo-auiline and EtBr (Hofmann, A. 
74,145). 

p-Bromo-di-ethyl-aniline C*H,Br.NEtj. [33®]. 
(270®). Needles or prisms. Formed by bromi- 
nation of dicthylaniline (Claus a. Howitz, B. 17, 
1827). 

p-BROMO-ETHYL.BENZENE C.H.BrEt 
ri:4]. (204®). S.O. 1-34. From p-elhyl- 
Dcnzcno, Br, and I (KekiiU a. Thorpe, C. J. 'J‘J, 
866). Prom CJI,Br.^, EtI, and Na (Aschon- 
brandt, A. 216, 222). Does not solidify at 
—20®. A mixture of o* nndp- ethyl-benzcneK is 
formed by the action of bromine in the dark 
upon ethyl-bonzenc, or by the action of bromine 
in presence of 3 p. c. of iodine upon etliyl-benz- 
ene in diffused daylight (Schramm, B. 18,1272). | 

bi-Bromo.othyl-benzone C„U:,.CH..CIlJlr ! 

(c. 148®) at 30 mm. S.(K *3 1-311. Formed by 
direct combination of styrene with JlBr(l>crnlb- ! 
Ben a. Bender, Jj. 15, 1983). Formed also l)y 
treating a mixture of benzene and l)ro)uo*othyI* 
ene with AljCl^ (llanriot a. (iuilbert, C. H. 98, 
625). 

a-Bromo-ethyl-benzene CJ(,.CnBr.CH,. 

(37®) at 17 mm. (c. 150-^) at 600 mm. From Br 
and ethyl-benzene at 110® (Hadziszewski, fi. 6, 
492; Berlhelot, C. Ji. 07, 328; Anschiitz, A. 
235, 328). Formed also by passing llBr into 
cooled phenyl-methyl-carbinol (Englera. Bolhge, 
B. 7, 1125). Partially decomposed by distillu- j 
tion into styrene and HBr. | 

v-a-Di-bromo-ethyl-benzena | 

Ph.CHBr.CHjBr. [74®]. {140') at 15 mm. ' 

Styrene di-bromide. 

Preparation. —1. From styrene (10 g.), rther 
(25 g.) and bromine (17 g.) (Blyth a. liofinann, 
A. 53, 306; Zincke, A. 216, 288).—2. From )u>t 
ethyl-benzene and Br (Radziszewski, B. 6, 493; 
Friedel a. Balsohn, Bl. [2] 35, 55). 

Propcrfics.-White plates or needles (from 
60 p.c. alcohol). V. e. sol. ether, benzene and 
glacial lIOAc, v. sol. alcohol or bwzoline. 

Beactions.— l. KOAc and alcohol nt 160 ' 
gives chiefly 3-bromo Btyren# (l'»0®-10'''' nt4 
75 mm.).—2. KO.Vc ..nd glacial HOAc jgives 
chiefly the (Hifitatc of pheiiyl-gTvcol, 
Ph.CH(OAc)CIlj(OAc).-3. Alcoholic KdJl or 
water at 190® give o-bromo-stvrene (Hlastr, A. 
164, 164).—4. Gives PhOn(On}.Clij(OH) by 
treatment with AgOAc, alcohol an 1 AgOBz, or 
aqueous EjCO,. AgOBz in presence of toluene 
tonni Ph.CH(OBz).CHj(OBz).—5. Benzene and 
“ give s>4i*pbenyl etbane (Anschiitz, A. 
T8). 


OAOfitBr.OStBf, 

g B®l. From ««nomo*ityrei» ana Br (FitUg a* 
iuder, A. 196,142). Aete<i upon by bensm 
aud AlgClf in presence of CS^, it is oonvarted 
iiito s-tetra-phenyl-ethane [209®] M.). 

Tetra.bromo-ethyl-tensene (■,HJlr,. From 
di-bromo-ethyl-ben/.ene aud Br (Kinnioutt a« 
Palmer, Am. 5, 387). 

Fenta-bromo^othyl benzeno CJIJlr^. From 
cthvl-bonzone, Br, and Al.ltr„ ^Oostavsen, Bf, 
[2] 30, 22). 

Di-bromo-didthyl-beuzenv CJI ,(CjIT,Br),. 
(200'-230'^) at ,30 mill. Frcuu bromo-ethyleuo, 
boiizeno, and Al.Cl^ (Ilanri<'f a. tmilbort, C. J?. 
98, 525). 

Bromo-tetra-ethyl-benzene C„n( 0 .jHj) 4 Br 
(284® nncov.). Heavy liquid (dalle, It. 16,1745). 

Bi-bromo-ietra-ethyl-bouzoiio C^(Cjl IJ.Br.. 
[75®]. (above 330®). Prism.s. V. sol. alcohol 
(GaUe, B. 16. 1745). 

BROMO-ETHYL-BROMIBE v . Dx-bromo- 

XTIIANK. 

BROMO . ETHYL BROMO - ACETATE v. 

BuoMO-ACKTIO 

BROMO-EThYLENE CJIjBr i.e. CHBriCH,. 
Vinyl btvmide. (16 ‘). S.G. ^ 1*5167 (AiiMcliUtz). 
FoniK-d by the action of alooholio KOli upon 
eitli«-r (li-brcnuo-ftliano (Uegnault, A. Gli. [2j 
.59,3.18; Beilslein, J. 1861,609; dloclvuer, A. 

7,109 ; Si'iiioiidlT, tf. 1861,-IWO). Formed 
also from acetylene and HBr (Heboui, 0. B. 
74, 917). G.as or liquid; when kept in a sealed 
tube and exposed to sunlight it changes to an 
nuiorphous ])()lym«Ti<li% iiiso). water, alcohol, 
aud ether; S.d. 2‘075. This substance carbon- 
ise.s when heiib-d (Hofmann, (/. J. 13, 68; Bau¬ 
mann, A. li>3, :i08) ; it is not alTccted by boiling 
aleoiioiic KOli. i’olymcrtsalion is arrested by 
the pre.sence c>f Mel or Ktl, but not by chlo¬ 
rinated or broiiiinalcd liydrocurboim; a little I 
Ftrq>s polymerisation of the liquid, but not of 
the ga.^. An '.ine arrests, but 80j prumolcs, the 
ebatigo (Lwow, ///. [2J 35,169). 

BearMi'i's. -1. Split up into lIBr and acetyl¬ 
ene by alcoholic KOiI, NaOEt, NaOO^ll,,, oram- 
jiKHiiac.al AgNOj (Sawilseli, lil. 1861, 7 ; A. 119, 
18.1; MiasnikolT. i//. 1861,12; A. U8. 330).- 
2. Cone. HBr at 6® forms .i-di-bromo-ctbano; a 
more dilute aeid gives 2 ^di-b^(mlO'etbano (Ke- 
boiil, A. 155, 29, 212F~3. Fuming HCI at 100® 
forms CHj.CIlBrCl.—4. Cone. Hf at 4° gives 
(’ir,.ClIP-I; at 100® it forms iilsc UijI.CH,Br. 
(It.). — 5. Aqueous solutions of metallic 
s.alls oitlier have no action or split it tip 
into acetylene and HBr (Kutsclioroff, B. 14, 
1532; Ijinneoiunn, A. K3, 317; Saytzeff a. 
Glinsky, Z. (2 1 3, 0?5). ■ C. ,lu<; a-ssive trealmeut 
witli cone. HjSO,.'iiid water fonns crotonio alde¬ 
hyde (Zincke, A. 19', 379).- 7. Aqueous BrOH 
At O'* gives CHBr,.i if.iHI, dllBrj.CH,Br, and 
G.lIjBrO, [40 ' 45 j d'O f (T)emole, B. 9, 40).— 
7. Dry oxygen at 2.J' has no action.—8. ICl 
forms CHBrI.CHjCl and a less quantity of 
CII.l.CHBrCl (Henry, 6*. if. 98, r>80).-». With 
bifiizeiie and Al.CI,; it produces styrene, ethyl¬ 
benzene, «-di-phenyl ethane, and di-meihyl- 
anthracene dihydridc (Anscliiitz, A. 235, 331). 
If elevation of temperaturo be avoided and tho 
AljCl. be slowly added the products BM 
0,H,.0,H*Br and C,H,(CjH,Br), (Hanriol a. 
Ooilbert, C. H. 98, 525). 





mo BBOM(VETHTLENB. 


l■l)i.br«mo■eth7UIlt OBBr.OHBr. Acelgltni 
iibromidt. (110“-111®). S.O. ‘i? 2-2714 (An- 
■chUtz, A. 221, 111) ; » 2-268 (BabanleS, S. 9, 
1441; Plimpton, C. J. 89, 636); U 2 223 (S.). 
V.D. 6-47 (calc. 6-44).—Formed by mixing acetyl¬ 
ene tetrabromide (100 g.) with alcohol (20 g.) 
and adding zinc dust slowly, with cooling (A.; c/. 
8abanf*ff, A. 216,252). 

Propcrtifs.—Oi\ j docs not polymerise. ^ 
Iteactions.—l. Hcahtd for several days with 
60 pts. of water at ISO”, it is not atTccted.— 
2. Heated with dilute K.COa, broino-acotylene 
is formed, which is spontaneously inllammablc. 
Alcoholic Kl)If imd aqueous KCy also form 
bromo-acetyleue.”Heated with dry KOAc at 
160“ for two days it forms CnBr:CIl{OAc), the 
acetate of bromo-vinyl alcohol (Kahandeff, lit, 
[2] 41, 268). —4. Heated with Ag().\c and a 
little IIOAc at 100“ it forms a compound 
C^H,Br.,2AgOAc. This is decomposed by HCI 
with evolution of acetylene. ~5. Comldnes witli 
AgNO,.- 6. With alcoholic KCN it forms a com¬ 
pound which, on saponitication, gives an acid 
C,H,(), (l(i8“-l(iH“]. Its silver salt is C,H,Ag..Oj 
(S.).—7. Aleoludic KlH'h gives CIIBr.CHOf'h. 
(c. 228"); H.(t. 15 1-IS6. 8. With alcoholic 
NMo, at I20'> it forms N.tfc.Br, NMe,UBr, 
N Me..H,,Br, and carlronaccous horlies: 

■ 2.NMe, + C,1I Br, =--2NMe,IiBr + 
(IMimplon, C. J. 89, 586). —9. With NEt, it 
acts similarly. — 10. .Acts upon Iienv.ene in 
pnsi'iico of A1.,C1, forming CHBr,.CHjBr, 
anthracene, and CUjI’h.Cn..l’h (Anschutz,' A. 
285, 158). 

w-Di-bromo-othylene CBr.tCIE. Acetulllene, 
dibromitle. (92“) at 751 mm. in CO,. S.ft. li,™ 
2-17H0 (Anschutz). From ClIBr.,.CH..Br by 

treati.. with aloohulio KOII. NaOEt, sodium, 

or solid KOll (Cahours, It. 81. 298-, Fontaiui-, 
(,'. It. 70, 1361; Sawil.u li. A. 119,183; Belmul, 
A. 121,270; TawildarolT, A. 171b 22; Michael, 
Am. 5, 192). From <dlr.,.Cll,Br ny bdtling with 
alcohol and KOAc (llemole. III. [2J 29, 205). or 
by treatment witli zinc and iticohol (Sabaiiet-tT 
A. 216, 25.5). Also from CllCl.ClIBr, and al- 
ooholie KOll (lli-nry. III. [2] 42, 2112). 

Froywt-fie.s.—Pungent liquid, attacking the 
eyes. Iteadily absorbs oxygon, changing to 
bromo-aeetyl bromide. Polymerises with groat 
ease, becoming solul. 

75-,...Fj .•..riri.lIBrOtormsCBr,.CO.Cn..CBr, 
[90"J. S.O. 12-88 (DernoU', It. M,n710).-2. 
llonzrmo and At,Cl, give u-di-phcnyl othyleno 
(.Anschiitz, .4. 285, 158). 

Tri-bromo.ethylene CHBrtCBr... (103“-104“). 
8.(1. *>^5 2-708 (S. a. 1).); 2 ^-09 (Bemolo, 11. 11, 
318). Frruu di-bromo-ethyleiio bromide and 
aleoholio KtHl (lionnox, .4. 122,125). 

iVrjwru/tou. — Acetylene tetra-bromido (1 
mol.) is dissolved in ^vico its weight of alcoholr 
and (somewhat more than 2 mols. of) KOAc and 
Na,CO, (1 mol.) are added; the mixture is 
heated on a water bath 24 hours with inverted 
condenser (Sabanoeff a. Dworkowitsch, A. 216, 
280; cf. SabaneVIT, A. 178,1-22; in. (2) 29,207). 

lUactions. —1. Alcoholic KOH or Zn and 
HOEt give a mixture of C,H, and C.HBr.— 
2. Alcoholic KOPh at 100' forms phenyl di- 
bromo-rinyl oxide.—3. Alcoholic KOPh at 170“ 
iorms the phenyl derivative of giyoxylie acid. 


FbO.OH,.CIO,H.-i-4. Beaow apoa bmtaaa fai 
presence of ALOl, piodnoing tt-di-phenyl-ettiyl. 
one and tri-phenyl-methane (AnschOtz, A. 236, 
336).—6. Absorbs oxygen,becoming CHBr.OOJJr 
(Domole a. Dttn, B. 11,1802). 

Tri-bromo-othylene (0,HBr,)„ [ 174 ®]. A 
by-product in formation of C,H,Br. from acetyl¬ 
ene (Sabandcll, A. 178,114). '' 

Tetra-bromo-ethylene C,Br,. [54“]. (216®). 

Fumalion,.—l. By the action of Br on alco¬ 
hol or ether (Lowig, A. 3, 292).—2. From 
C.jHBr, and aleoholio KOH (Lennox, A. 122, 
126).—8. From CH,C1, and IBr, (Holand, A. 
210, 284).—4. From CBr, by heating at 220® 
(li.).—5. From di-bromo-succinio acid, Br, and 
water at 190“ (Bourgoin, B. 7, 1614). 

Properties.—Plates; volatile with steam; no, 
allectcd by oxygen even at 216® (1).). 

BR0]ff0-ETHYL-£TH£B v. Bnosio-EXHXL 

OXIDE. 

BEOMO-ETHYt-KAIEINE v. Ethyl ethoi 
of Bkomo-(B. 4)-oxt-(P. 4)-ETnYi.-qt-iNoi.iSB la- 

TlUnYDBIDE. 

y-BEOMO-ETHTOMAtOSIC ACID 
C.lI.BrO, t.e. Br.CH.,.CH,.CH(CO.,H),. [116®]. 
From vinaconio (tri-methylene 4i-carboxyliot 
acid and HBr (Itoder, A. 227, 19; Perkin, ion., 
C. J. 47, 814). 81. sol. benzene, CS, or light 
petroleum, sol. chloroform. Boiled with w-ater 
it gives tho lactone of 7 -oxy-ethyl-malonio 
acid (,p V.). 

Bromo-ethyl-malonic acid 
CH,.CHBr.ClI(CO.,H)., (?). [111®]. From orot- 
aconio acid C,H,0, and HBr (Claus, A. 191, 79). 

TEIBEOHO - (a). ETHYL - NAPHTHALENE 
C,oH,Br,.C-H,. [127®]. Slender needles. Pre¬ 
pared by tho action of bromine on (a)-othyl. 
naphthalene (Caruolutli, B. 18, 1672). 

BEOMO ETHYL (/3)-NAPHTHVL ETHEE «, 
(8).NAi'irruon. 

ewa-BROMO-DI-ETHYL OXIDE 
CILBr.ClL..()Et. (l'-'8 ). 8.(1. s 1-371. V.D. 
5-29 (calc. 5-28). From the iudo- compound and 
Br Hlenry, C. It. 100, l(XI7). 

Di.ai.bromo.di.ethyl oxide CH..Br.CHDr.OEt. 
FromBr and vinyl ethyl oxide. ' Very unstable 
liquid. NaOEt gives CII .Br.CH(OEt), (Wisli- 
cenus, A. 192, 111). 

Tetra-bromo di-etbyl oxide C,H,Br.,0. A 
fuming liquid obtained by saturating cth'ylidene 
oxychloride with Brat 120® (Ke.sscl, It. 10,1667). 

Octo-bromo-di.ethyl oxide C,H,Br,0. (c. 134®) 

■ a* 160 mm. By heating ethylidene oxychloride 
with Br for 10 hours fre lu 100®-210® (Kcssel, B. 
10, 1667), Fuming oil. 

Eso-ero- DI. BROHO o -ETHYL - PHENOL 
CsH,,Br(C,H,Br}OII. From o cthyl-phcnol and 
Br in thecol»L Decomposed by distillation into 
HBr and C,H,Br(C,H,)011 (8uida a. Plohn, M. 

1,175). < 

'^n-bromo-(o)-ethyl-phenol C,HBr,Et.OH. 
[65®J. Formed, together with the following 
body, by treating (a)-cthyl phenol with excess of 
Br in tho cold (Fittig a. Kiesow, A. 156, 261). 

Eso-exo- Tri-bromo-ethyl phenol 
C.Il,Br(OH),CHBr.CHjBr. [108]. Longwhito 
needles. Obtained by tho action of aleoholio 
KOH upon C,H,Br(OH).CHBr.CHBr.CO,H, tho 
product of the action <A bromine upon p-coa- 
marie acid. 



BBOMO-fLUOHISOBIir. W. 


Acitulitrivativ* OcH,Br(OA«).0,^Br,: 

P4°]; DMdlas (Eigel, B. 20, 2S3S). 

T«ti*-tooiao,«Ui7l pliraol 0^r,Et.0H [106°j 

aS^ilO. lEIBA - ETHYL. PHOSPHOSIBM 
BHOMIBE OH^r.CHj.PEt,Br. [235“). From 
PEtj and ethylene bromide in the cold (Hofmann, 
Pr. 9, 287; A, Suppl, 1,154). Khoiubic dodcca- 
hedra. 

ileaHions.— l. Moist silver oxide gives 
CH.j(OH).CH-PEt,.(,)lI (differonce from corre¬ 
sponding derivatives of AsKt^ and NKtj which 
give vinyl base).—2. With silver a<eUite and 
water at 100° it gives acetate of the vinyl base 
CaHjPKta.OAc. “3. Zinc and HmSO, give 
tctra-ethyl-phosphonimu bromide.— 1. Alcoholic 
jx>tash has no olToct.—5. Combines with PEt„ 
AsKt, and Nil, forming di-acid bases. 

Salts.—(C^H^Br.rEtjCll J’tCl,. Palo orange 
monoclinic prisms, si. sol. cold, v. sol. hot, water. 
—(C.,H,Br.PKt;,Cl)AuCl,.—C,ll,Ur.PEt,I. 

Hydroxide.-CJI.lir.PKl,Oil. From the 
sulphate by the action of baryta. Unstable, 
rapidly changing to C lIjOH.l’HtsOH. 

BROMO-STHVL-Q'UINOLINE 
C*H,(C.ll,I3r)N. The hydrobnjiaido is formed 
by boating «iuinoliiic with othylene bromide.-- 
B'JlIir: thick necdlos.—(lV.;}LCl.t)rtCl,: orange- 
yellow needles (Ben-ml, li. 14, 1319). 

DI-BROMO-DI-ETHYL SULPHATE 
(CH.;Br.ClJj).jS04. An oil formcil by warming 
Ag-SO^ with benzoiiG and ethylene bromido 
(Boilstein a. Wiegaiid, li. 15, 1309). 

Bromo-ethyl-sulpburio acid 
CH...Hr.Clfj.O.SOaH. From elbyleno bromido 
and SO;, (Wroblewsky, Z. IHbs, Ba.V'..— 

PbA'2 3a(j, scales. An isomeric ueid upjiear.s to 
be forim^d by lu lling ethylene bromido with 
Ag.SO^ and water {li. a. \V.). 

'bromo-ethyl-thiophene 

04811.(0211 .)Br. (lOS'’iiMcor.). Oil. Forimgl by 
shaking ethyl-thiophene with bromine-water 
(Demuth, B. 19, 084). 

Di.bromo.(/l)-ethyl-thiopbene C4SllBr„(C2lJi). 
Oil. Formed by adding 2 luols. of bromine to 
1 mol. of (^)-et})yl-thiophcno dissolved in acetic 
acid (Bonz, B. 18, 550). 

Tri-bromo-(/3)-etbyl-thiopbcno C,HBrs(02lIJ. i 
[108°]. White plates. 81. sol. cold alcohol an<l j 
ether. Formed by conrplcto brumination of ' 
(/3)-ethyl-thiopheno (Bonz, B. 18, 519). j 


[ 91 ^. Ttm •fbjhm-xjhao ( 187 ^ 

(Ansohiitar, 1, 235,824). 

BBOXO-SUOXNOI 0,H^r{OMe)(OH)OA- 
Methyl ether 0^,Br(OMeL (lOO'^Jat 
20 mm. S.G. - 1*39G. From the aibromide, hot 
alcohol, and Zn (Wassennann, (7. It. 88, 1206). 
Di-bromide C„H5Brj(OMe)2. iJinidhyl ether 
di‘brof)U)‘di-oxy-propiil-ben:ene. (78°). From 
lir and a well-cooled solution of mcthyl-cugenol 
iii^'ther. Silky needles. 

' Ethyl ether C„U,Br(OM.')(OK(). [48°]. 
Prepared by the action of alcolml ami Zn on its 
dibromido (Wnssernmnn, .(. 179, 385). i)i- 
i bromide C,.H,Br.(OMe)(OKt). • [SO J. From 
I cthyl-eugcnol and Br. * ’ 

Di-bromo-eugouol CJlBr (OMe)(01I)(C,IIJ. 
[59°J. (ilislv'iiing hexagonal prisms. V. sol. 
alcohol. Formed by boiling an alcoholic solu¬ 
tion of the di-bromidc with zino-dust (Chasa- 
nowitz. a. Hell, B. 18, S21). 

Di-bromidc C,HBr40Mo)(Oll)(C,lI,Ur2)- 
[119°]. Glistening quadratic or trimotric tables. 
Sparingly soluble in other and cold alcohol. 
Fonned bv hromimilion of cugcnol, 
BROHO-FLUOREKE 

C.JI.Br U. tl03’J. From 

lluorene, CHCl, and Br in the cold (flodgkinson 
a. Matthews, (7. J. 43, 195). Needles (from 
alcohol). V. sol. CilCl„. Oxidises to broiuo- 
di-plumylene ketone. 

(a).Di-bromo-fluoreae 

C„IIJ!r, le. <c'H'ur>C>e- 
pltenylcue-meUuine. [1(*5‘’] (l?arl)iiT, A. Ch. 
.[5] 7, 479; Hovlgkinson a. Multln ws, C. J, 
43, Kil). Got by adding bromine to u solution 
; of lluoreno in CtlCi,. Munoe.linic crystals, 
j a:b:c - 1-197; 1:1-095 ; fi 77° 52' (Arzruni, Z. 
j 1, 9*21). 8ol. boiling uleohol. Tnnicd 

j yellowihli by light. CrO, gives di-hromo di- 
[ plienvlenc ketone. 

I .V/v^p/iontc acid C,;,H,Br,SOJf. [142°1. 
j Formed by aulphomvtion with 01*80,11 in ClfCl,. 
—BuA'.. 

! (8)-i>i*bromo-fluorono 0,,II,Br.2. [193°J. 

■ Formed together with the jn-cceding (Fittig a. 
Schmitz, A. 193, 131). Moiiocliriiocrystals j 
a;5:c--59.3:l:-997. /I-78° 21'(A.). Boadily 
change^ into two isomeric luodilications w 
and (S) (hchm.ann, Z. Kryst. 1, 929). 

Tri-bro tno - fl a o rene 


BEOMO-o-ETHYl-TOLUENE C„H;,MeKlBr i 
[1:2:4]. (221°). Formed by brominati<m of o- ! 
etbyl-ioluone in presence of l-VeBr,,. Liqui'l. j 
By HNOj (11) at 2i»0-’ it ia oxidised top-bromo- i 
o-foluic acid tUH J (Claus a. Pieszeek, 77. 19, 
3088). 

Bromo-p-ethyl-tolueno C.JI.MoBrKt fl:2.4]. 
Fromp-ethyl-tolueiio and Br. Oxidised to liromo 
P-toluic acid (Morse a. lleiuHeu, B. 11, 224). 

(va-Bi-bromo-m-ethyMoluetfe * 

C,H,.CUBr.CH-.Br. Formed by the 

combination of m-tolyhethylene (w-ne-lhyl- 
ttyrene) with bromine. Colourless ervstais 
(Muller, B. 20,1219). 

Tri-bromo-di-ethyl-toHene C.Br,Mcl)t,. 
[^)6°]. From (1, 3, 5)-di-ethyl-to.uei}e (Jacob- 
ten, B. 7. 1435). 

TRI-BROMO-ETHYL-XYLENE C,Br,EtMo, 
{8:9;0;1:2:4]. Tri - bromo • di-viethyl-ethyl-benz- 


C„U,13r, i.f. [tfi'-!'’]. From 

fluoreno (1 mol.) in and Br (3 mols.). 
Oxidisivl by CrO, to (/J)-di-bromt).diphcnylene 
ketone i It.). 

DI-BHOMO-FLdORESCElK C^lI,„Br,0,. 
[290°. 27U'']. From fluorescein (1 mol.) and Br 
(2 mols.) in llOAc (i'acyer, zl. 1H3,1). Itcddish* 
brown noodles with. g. co^reflex. Byes wool and 
silk salrnoii-pink. ^ 

Di-acetyl derivative C,,ir,Ac,Br,0,, 
[ 21 ( 1 °]. 

Tetra-bromo-fiuoreaccln 


cji.Br.o. i,«. o<^;|“;;;{°}J}>c<CA>co. 
Eotin, Formed by adding Br to a solution of 


fluorcsedn in HOAc. It is purified by conT«r« 
sion into tlie K salt (Baeyor, A, 183, 38). 
Prepared by dissolving fluorescein (I mol.) in 
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KaOBA^i, « solution of Br (4 mols.) In 
NaOBAq, and acidifying. Orange necdlea (con¬ 
taining HOEt) (from alcohol), or fleeh-colourcd 
crystaU (from dilute; alcohol contain¬ 

ing HCl). Tctru broino fluorf*sc« in is v. b1. boI. 
water and bciiznm*; its alkaline Rolutiona are 
pink and hIiow Klrong yellow niioreseeiieo, they 
dye wool and silk pink. /in(!-dust and Ntt(-)l£ 
reduce it to a lecu-o- (’(>iripiiun(l, which is rooxi- 
disod by air. rotasli fusion forms di-brdnio- 
resorcin atjd di-bromo reHor<.‘in-phlljalom. Cone. 

forms (),„. I’Cl, forms 

Sodinin amalgam forms flnor- 
f’BCOjn. Wffrming with cone. KOlf gives a 
deep blue soldtion Vlitiico llCl pps. unstable 

Salta." - K.(C,JUJr/).)rnui. S. 50.— 
K,A"H(>El.— (Nlid.A".- 15aA"2a(|.- CuA^Aarp 
—Ag,A".-(1101'l)),A" 

MiAhyl ether C^JIjMcllr^Os. McHii/l 
trythrin. 

Kthyl ether C.;„U,.Ktljr^Oj. Krythih'., 
Spirit-sdluble rosin. Knnn K.^A", KbUSO,, and 
nfcoliol at 150 Erom llnon'sceni, boiling 
hoi and Hr. Ibsl crystals (from alcohol), 
t’ormed, togetlicr willi a col(Hirle.is ethyl-eosin, 
by heating silvtT eosin with Ktl and alcohol at 
]00'\ -KC.jJI„Ktltr*0.,aq: d^es ii more violet 
shade than eosin. 


jPrt>p«rt»e«.««-Lainin«; t. e. lot. water, t. 
Boh alcohol and ether. At 200 it changes to 
bromo-maleic acid or its anhydride. Soaiam- 
amalgam forms lumaric acid. Br gives the 
same tri-bromo-succinic acid as with bromo- 
maleic acid. Fuming IIBr combines slowly in 
the cold; at 100^ it quickly forma iso-di-bromo* 
Buecinic acid. With its equivalent of aniline it 
unitc.s iunnedlttloly to form Hie acid aniline salt. 
This docs not give an anilide on standing for 
weeks in contact with cold water. On boiling 
its aqueous solution the same substance is 
obtained ns on lieuting aniline bromo-maleate, 
viz. C„.ir,.^NjO... [230''] (Micliaol, ylm. 9, 180). 

Salts.--Ag,,A".- PbA"2aq. -A'TlINHjPh)! 
[loi ] (Mii bael, /?. 19, 1373). 

Dinii’fhyl ef/icr A"Mcv [30'] (Anschutz, 
D. 12, 2281). 

Di-bromo fumario acid 

COJl.CI!r:Cnr.GO._,H. [*2‘20 ]. Colonrlesscrystals. 
Pivpared by the addition of bromine to acetylene* 
dicurboxyli(; aci«l. On distillation it is con¬ 
verted into dibromomaleic acid [108^]. 

Salt s. -Ag-.A" ^aq* - Pb.V' (liaiulvowski, B. 
12, 2213). 

(3)-BROMO-FUHFUKANECJi:,I3rO. (103'*). 
From tlie corre,-;p»jmling bromo-pyromucio aci»l 
by distilling with lime (Canzoncri a. Olivori, G, 
17,12). Heavy oil. 

(a).Di-bromo-furfurane C,HJh\0 i.c. 


J>i-cth\il ether From 

Ag A" and Ktl. 

Acetyl derivative C.^HjiACgBrjOj(?). 

[278 ]. 

BROfifOFORM ClIHr,. Tri-broinomefJunte. 
Mol. w. 253. [8'*]. (JSr). S.O.2 8311 (T.) ; 

2-9045 iPerkin, C. J. 45, 533); r- 2-Hrt 12 (V.). 
O.K. (O ’ 10) -ttOOlHl ; (O’-100 | -OOlOUC). 
av. 103-53 (Thorpe. C. J. 37. 203). M.M. 
11-020 at 17-9* (P.). V.P. 8-03 (calc. 8*75) 
(Cahours, ..1. Ch. [3] 19, IHI). 

Oivnrwirc,—In crude bromii^ (Hermann, 
A. 95. 211 ; Dyson, C. J. 13. 3f.). * 

yomiafion. —1. Ity the simnllancous notion 
of Hr and KOli, or of ‘Ijiomi^le of lime,’ on 
alcohol or acetone, or by decoiuposing brmnal 
with alkalis (Kowig, A. 3, *295; i>imms, .1. Ch. 
[2J 60, 120; Gunther. Ar. J'lt. [3] 25, 373). 

2. From L’ll.Cl^and IHr, (Ibilaiul. .1. 210. 2:9*.). | 

lieuftions. -- 1. Alcoholic KOll forms CO 
(3 vo1b.| uml ctj-;;lcne (1 vol.) but no formate : 
(Lung, -2. ill- in presence of dilute ' 

KOH in BunlTgiit forma (’fir, (iiiii Mu nmnii, Ii. ' 
0,549). 3. Keduced to Cli, by KI, water, and ! 

Zn or Cu (Hcrthelot. i-I. Ch. [3] 61, 48) or by the ; 
i‘0(*|H'r'/Inc eoupio ^Gladstone B. Tribe, C. J. 
2M. 510). 

BEOMO - FUMARIC ACID 0,HCi-(COJT),. 

/’o/v'.’rtfton.—1. Froin iso-di bromo-snremic 
aoid by heating at 18(tf or by boiling witli ^Yatcr 
fKckul6. A. Suppl. 2, 91; A. 130. l).-2. From 
ai-bromo-Bucoinic acid and water at 1U)‘ 
(Dandruwski, B. 12. 315).—3. Hy disudving 
acctylene-di-carboxylic acid in strong aqueous 
HBr (Handrowski, B. 15, 2097).-4. From (B3)- 
dibromopyroniucic acid and from (8) bromo- 
pyromncic acid by dilute HNO, (Hill a. Sanger, 
A. 232, 82, (H). 5. From bromo-maleic acid 
and cold fuming H£r (Fittig a. Petri, A. 
m, 67) 


IP.’ CHi-v 

I >0. [10"]. (03 )atl5mm.; (1G6®) 
lie ClJr^ 

at 701 mm. Formed by adding bromine to 
ail alkaline Boiulion of (5)-bromo-[>yromucio 
aeid [IHI ’]. On oxidation it gives fumario and 
maleie u' ids. 

Tct i a-bromide C,II.I>r„0: [111”]; by long 
lioiliiig with w.'iter it yields lirtim-»-fiiiiiario and 
broiiio-malj :o neids(ll!ll a. llarlsliarn, IS. 10, 
1132; JS. 18. 4tM; A. 232, 53). 

(^}.Di-bromO“furfurane<^|';j|| (100°), 

F(»rnied by distilling di-bi-omo-p\romiicio acid 
(I }>t.) with Ca(011)j (2 pts.) (Canzoueri a. 
Oiiveri, (!. 15. 110). 

Tetra-bromo-furfurane C,Br,0 [O.V]. From 
(87) ili-bromo pyromucio acid, or from trU 
l>romo-])yromucic acid, water and bromine va¬ 
pour. Forme4l also by tho action of alcoholic 
KOll on di-bromo-fuvfurane tetrabroniide (Hill 
a. Sanger, A. 232, 80, 90; JS. 10, 113‘2; 17| 
1700). 

* DiAtromide C^Hr^O. [123'*]. Six-sided 

}datcs. V. Bol. etlier, m. alcohol an4i benzene, 
i Hy boiling with wafer it yiebU di-broiuo-maleio 
acid (Hill a. llartshorn, />. 18, 450). 
BROMO-FURIL Frmi„ 

BBOIHO'OAILIC ACID v. Ba<>Mo-TRi-ozT- 

BENZOIC ACin. 

TRI-BROMO-GDAIACOL C.H.Br.O, i.e, 
CrtHl>r3(OMe)(OH). [102°]. Fromguaiacoland 
Hr (Ticmann a. Keppe, IS. 14, 2017). 

BKOMO-GTTANIDINE CH.HrN,. From 
guanidine carbonate and Hr (Kamenski, B. 
11, 1600). Needles; detonaios just above 100'*. 

BBOMO-GDANXNE CJI,N,OBr. From 
guanine and bromine, crystallised from water. 
1 White powder. SI. sol. boiling water, insoU 
I cold water, alcohol or etbof.—BTiCl* Prisma. 



BROMO-HEXOlO AOID. ATS 


OonTortsd by NsNO, into bromo-xanthino 
(FUohor a. Beese, A. 221» 341). 

TBX.BBOUO*H£HIUEttlTHO£ «. Tri- 
asoMO-TKt>>iSTRTr.-BRK7ENK-(l:2:3:4:5:6). 
BBOMO'HEPTANE v. Hki’tyl bromidr. 
Bi-bromo-heptane lli^tuhnc 

hrotnide. S.O. 1*515. from lioptuuo of 
parartin oil. I>«‘coiujKt:’..‘3 at loO"^ (Tliorpo a. 
Young, A. 1(55, 1*J i. 

Di-bromo-heptane C.H,,ni\ (21F). From 
heptane in tlio oil of Pinna anlnnni’ui (Yonnlili', 

A. C, J. 4, 

Di^bromo heptancCM 'j.r^n !'*r.fUI .r>r. From 
penta-mothyl-ctliyl alfoliol :uu) l‘Hr.. Knsiiy 
fusible solid (Karn-iur.^ki, 6'. C. Fsi, '21^]. 

Di-bromo-heptauo 
Cn 3 .CHj.ClF.ClI,.ClF.ClI,.CHllr. 
brojnide. From tmianlhoi and l*C)jl3r,. (r.mv- 
lants, B. 8, lO'd)- 

Hexa-bromo-heptane C;TT,,.Fr^. From hop- 
tonene and Ur. Oil (Savt/.'dT, .1. ls.5, Ml). 

a-BEOMO-HEPTOIC’ ACID C n,,UrC),. 
CH3.CH,.ClF.CJl..Cir,.(’IllJr.C()ll.rJ:.0 );Froni 
Ur and hc 2 )toi(: acid (('.^J.oms, .1. 2, ; 

Jlolms, ft. H, lliW; lloil a. Soliiilr. P. F. 

1-UV. (o. 225 ). S.O. 'V 1-211. 
TETEA-BROMO-HEPTYL ALCOHOL 
CJi,.,Br/)Lp.(CII,Ur.Clir,r.(’H.|,('ll.Oll. Fj. o, 
di<allyl>our})inol and Ur^M.Sayt/.olT,.l. 185,155). 

on. 

Acclyl derivative C.lI,|Ur,OAt\ Cf^n- 
vertedby Aj'OAcinto S.O. ^ M^o, 

whence baryta forms a syrup C.H,,0(0lIj, 
(Dicff, J. nr. f21 05, 17). 

BEOMO-HEPTYLENE C.TT^Ur. (I5M>). 
From the heptyh no brumid#' of Vrii.ab!*-. 

Bromo-heptyleno C.II,,.lo. (U55'). From tli'; 
licptvlono bnjmido of Urnvknil^. 

BKOMO-HEXADECANE n. ('i.rvL im-Mii-K. 
Di-bromo-hcxadecano (5„.H,.Ur;. 5o>. 

midc. [UU C(doMr)c:'.s cry^-f illino volid. 
Formed Lv addition of Ur. to C' l'-no (Kralff, IJ. 
17, lOT)/ 

BEOMt 'lEXANE r. If' xvi. iu:uM!i.k. 
Di«bromo*Ucxauc 0,11, Ur. i.e. 
CU,.CllXiF.CllUr.OHUr.(’lf,. (UmV) at 710 
inm. S.(i. l’^*^00. From tiio >ii liii,^ 

hexylene (F.rlonu>'’y‘-T a. Wanklyii, .f. I^.*, Ill; 

ef. Hcoht a. .St.; .-1. 172, 00 ; ih-rhl, /;. 1 !, 

iJ2a). 

Di-bromo-bexaneMc‘ {^Ur.OUrM*. ,. [170 . tK ); 
[MU'*) (K.). From Me.tkCMe.. and Ur. Nn -ll. s 
(from ether). C.mv. rU d l.y lieafin;.' with naO r 
and I’bO at 150' into idiiacoiiii (I’aw)ow, .-I* 
100,121; FiblvcdT, J. H. 10, 220; K.^-olin.d;}, 
/. n. 13,81). 

Di-bromo-hexanc M'\C.CIIUr.(ni llr. I'l.-m 
Me,C.Cn:CnF. ('ry-t.uliue (Fried*-! a. Silva, id. 

[2j 10, 2 v.n. ’ 

Di.broEDO*bexan*6 C\II|J]rj. (21F). From 
hexane of petroleum (P* louzo afCahoms, A. 121,* 
293). f 

Xetra-bromO'hexane C,H,„Ur,. ])iu}lyl- 
Uirabromidv. '//■i'’']. From diallyl and Ur; 
(Wagner a. Toil*n-s B. 0, 588). i 

Tatra-bromo hexano CJIjpUr^. M2'^]. From | 
iodO'hexylene and Ur (Bouchardat, Z. 1B71, | 
698). I 

Tttrk-bromo.beiasa C.U„3r,. t coiu heii- 
IWM Strived bom mannito (Uecht, B. 11,1U61). , 


Tdtn-broino.lwxui* From hexi. 

none from di-mothyl-allyl-oarbinyl ohiorid* 
(Saytzeff, B. 11, 2152). 

Tetra-bromo-haxano O.H|,Br,. [112']. (818® 
cor.). From licxinono derived from coal-tar 
(Scliorlemmer, l.t'.l, 2.'i()). 

Hexa-bromo-hexaa« C,lI,Hi„. From di- 
nllvloiie (Henry, Bit, 1 , lit*)). 

Hexa-bromo hexane C„ll.lir„. (77“]. From 
di-ffroiiu).diallyl (Henry, it. 7, ’Jd). 

Hexa bromo-hexano ('„H,l!i„. I.'.'J ). From 

ie vvl iodide and Hr at I'll)' tMeiv. a. IVeith, 
IS. 11, •.’•J5l)). 

Hexa-brorao hexane ('.,IlJlr,. Ticm lie.viina 
and Hr at FJ.a' (Wahl, F/To, fill). 

Octo bromo hexane C,ll,Hr,. Fiom In sane 
.'ind Ur (W.). 

i Octo broino-hexiino C„ll ,lhv. (135 ']. From 
' .sf’c-lu'xyl ioilid*- and Ur at 130 ' (M. a. W.). 

Octobromo-hexano ('„ll,Ur,. IHpiupttrtjyl 
ovtobroiiiidc [111 'j (lloni y, fi. 7, 21). 

BROMO-HEXENOIC ACID Di- 

bromo-hydroaorbicifi'id. [9.5"’]. From .stubic acid 
and Ur. ].!Uiiina'(Fifti;.:a. Kai-litd. .1. 1(*S,2H7). 

DI.BROMO-HEXIHENE(VllJlr,. IH hromo- 
dial!i/l. {2U) ). vS.(i. ’■“* 10.50. l-'ri»m«liallyl4ftra- 
broinido and Roli.l KOJI (Ih-nry, pr. |*jj 8, 57). 

Tetra-bromo-he.xinono 0,11,.Mr,, f'loparpyl 
tvlrnbifinidv. S.(i. 2'-101. Jiiquiil (Henry, B. 
0, 9511). 

a-BROMO n HEXOIC ACID 
Clfj.Cll .C(I_..C11 .(dlUr.C'O Jl. Jlrorno cainvic 
lU'id. (210 ). l-’inm rapioic a*’id and Ur 
(Ciihifiirs, A. Snj'pl. 2, fs). 

Kthyl vthi-r Ft.V (2i>5’ 210^) (Hell, U. 17. 

221H). 

7 .Bromo n hexoic acid 

Cn,,.('Ho.011Ui.<dl..0.|l,.C(>Jl. From hydro- 
Mijhi,!, or isi)-hy*liosurl»ic, ju-iil iuiil llllr. Oil. 
Sotlimn-aiiiali.tam rnint^s it l«) /( liix*iie add. 
U*)iiin;{ Wiitf-r converts it ini'* h)«ho .<ubii5 and 
o.\y-'i,.w)ic }i,-;ds (Fittig, A. 200, 12; lijclt, il, 
15. Oisf 

7 -Bromo-i 8 o bcxoic a id 
M.FUi.ClF.ClF.aFJl. 

Klhyl ’ether jVVA. F-uincd by :*aturating 
an ali.'fdiilc .‘ilcoholic stdiition of i soc.ipicflactoiie 
witli ilUr. Uy di.>tillalii-n it is tbnuujHiiicd into 
the orii'inal biftone juhI FtUi (Uii-dt, //. 19, 514). 

Biomo-aexoic acid (i„ll,,Ur»>;. i^O' [. From 
i!-o-pyrotcr(.-bic acid and iiU-/, . prisms^ AgA' 
(I a;.:* rn).-»*k a. Fllc^"lT, J. ll. li.*?L 

Bromo aoxoic acid C„Il,,UrO,. [25 ). From 
cfhyl-crofoiiic iicid and colic. llUrAtj. Sodium* 
ania!;ciin bu jus hy*lid i lliyl-crolonic aci*L 
,\<pn-«i!iH Na.Ct.),.-\‘( even *at 0 forms amyleiiOi 
NaUr, and C'O.^. v 

cf/i-Di*bromO'iso*hexoic acid 
Fr.CIlUr.CIlUr.t O.II (99 ). From pyiot»sro- 
hie acid and Ur(\V k Williarns, Jf. 0, 1095; 
(lci?lcr, A. 208,10). !.alge crystain (from OS.,,), 

Di-bromo-hexoio acid (’,.H,„Ur,0.,. [08”}. 

From sorbic acid uji'I fumm;; llUi. Moiling 
water or alkalis produce Kojlnc acid, and other 
bodie.s {rf. iljelt, B. 15, 020). 

Di-bromo-hexoic acid C„H,„Urd)^, From 
hydrosorbic aci«l and Ur in C.S.. Liquid; de* 
composed by b.f.ling water, giving oxy-hydro* 
sorbic acid il’htig, A. lOl, 314 ; 200, 46; Hjalli 
B. 15, 019). 




BROMO-IIEXOIO AOm 


m 


Bi^broifto-hezoio acid C«H,«Br 30 r From iio-1 

■orbic acid and HBr. Oil (L. a. E.). ^ ! 

Di'bromo^hezoio acid CHEtBr.CMeBr.CO.^. 
[98®j. From nictliyl-eth^I-acrjlio acid and 
Br. Monoclinic cryntals, i 

b'l'" \W. WtttfT at inO'-' forms bromo-amyleiio , 
CHEt:CM^Iir, nirlhyl f;lhyl a<TyIic acid, di-oxy- 
acid, and lif tliyl etfiyl Icctonc (Tjicbcn, 
a. Zci.^cl, M. 4, 78). _ 

Bi'bromO'hcxoic acid 

From clliyl-crotonic acid and Br. Bccoinf'oscd 
by cidd info bromo-aniylene, NaBr, 

and ('0.^ (Kittig, A, ‘200, 3.7). 

Tetra-broiilo^hoxoic acid [IBd 'j. 

Fnnn Forl»i<; acnl aiJ^Br (I'itiig, A. Uil, 3-3; 
108,277; ‘200, 78). Monoclinic cryfdaU (from 
alroliol). More Btablc than Hm- preceding acids, 
not being attacked liy water at 100 - Nu.V 2;ui. 

—Cii.V.^7(1(1- Ba.V., I'arp 

DI-BROMO-HEXOIC ALDEHYDE C, (l,„Br O 
f.c. Cll,.(:H,.CnBr.CMeBr.(:iIO. l)i.hromn. 
f>uihlfh]tropi/l-ii(r(ir. tihUJuidc. From Br and 
cold melbyl-etbyl-acrotein. I’lmgent oil.- 
(C,iIf,uBr..())NallS ()3 3;uj[ (Ijit'bcn a. Zeiscl, A/. 
4 , 10 ). 

BROMO-HEXONEHE (UIjlli*. Bromo ///- 
olhjh'nt'. (ir»0''). i’rom di-bromo di*allyl and 
KOH. J’ps. amnioiiiacal Ag\((j and cuprous 
cblori<l(* (Henry, /»'. I I, 100). 

Octo-brnmo-boxoneno From 5<?cd»oxy] 

iodide and Br at 140’’. JXisms. At 200'^ it 
BpIiU up iiilo Br and liexu-bromo-bcnzcnc 
(Mery. a. Weith, 72. 11, ‘2217). 

BROMO HEXYL ALCOHOL C,.H„Bi() i.e. 
(•|Mdll:r.(ll(Oil).Cll,ia. (180). S.O. 1-3. 
liiqiiid. From liexyleno oxi<Ie and Br (fbmry, 
(’. }l. 07, 200; iU. [2] 41, 303). 

Di-bromo-hoxyl alcohols r. l)ihrowuU-s of 

HnXKNYL AT.OoHoI.s. 


Tri-bromhydrln v. TRi-SBCUo-pBOPAtni. 
i>.BBOHO.HTDBOOABBOSTTBIL aRBrNO 

i.e.C,H,{Br)\NH/ ri78°l. Loiw 


[178°]. Long 


, flat necdleg. V. sol. alcohol, other, benzene 
and acetic acid. Frojaired by reduction of 
br*tiiio-o-mtro-bydrO'Cinnuniic acid with tin 
and HCI (Habriol a. Ziinincrmann, B. 13, 
10N3). 

BKOMO-HYDROCINNAMIC ACID v. Bkomo. 

pnKNYr.-i’UoiTONn,' Ainn. 

I DI.BEOMO-HYDRO-C(ERULIGNONv.Co:ul-. 

I LION'ON. 

BROMO - HYDROaBINONE C,H,BrOa i.c, 

C,ll,Br(OiI).,. [Ill 'J. 

j I'to'mntion .—1, TogethtT with di-bromo-hy- 
; dro(]uinone, by the action of cone. UBr.Aij on 
■ quinoim fWicludlians, B. 12, 1704).—2. From 
hydroiininune (I uiol.) and Br (1 mol.) in cthor- 
[ chlorulorin (Saruuw, .4.200,00). 
j 7Vo^Jcrf/c.9. - I.eallels ; may bo sublimed. V. 
e. sol. water, uleuliol, and b(3nzeiie. Fo^Cl, 
forni.s bronioquinone. • 

! l)i-act'Aijl dc r i ca live. C, TI JU(OAc)^. 
[7.3 ’!• Formed, togelher with di acetyl didiroino- 
iiydnapiinoiio by heating ipiinono with AcBr 
(Selmlz, B. 17, 0."i7). Needl«;‘S, sol. alcohol and 
; l)en7.<!ne. 

i Di*bromo*hydroquinoneCJIJh^(on)j.[I87'^l. 
I Fomuition. --1. As alH)vu (W.). - - ‘2. From 
j hydroquinono and Br in IJOAc (Bcnedikt, M, 1, 
I 345).—3. From quinono and Br (Harauw). 

! Bropertie-^. — Long needles (from water), 
j Converted by Fe^Clj or bromine-water into di- 
j bromo<|uinone. 

i Di-acc.tyl dcrivativf'. C^ll.d )r.(()Ac)^. 
i [101'^]. Formed as above (Se)iul/.). Noedlea, 
‘ sol. cblorofi»rm and ether. 


DI BROMO HEXYL-BENZENE C, i.e. 

I’h.(;H!;r.OHBr.CIL.Cll((dl,).,. [80 ]. Fioni 
liexyl ben/«-no (if.r.). Nt'edles or 

BROMO HEXYLENE C.,ll„Br. (13s ' T 11 ) at 
730 mm. S.(h V 1 ' 2 (J 2 .'.. I’rotu (0) In-xybuic 
lu’omiile ami aleoliolie K(>II ((^'ivenlou, .4. 1.37, , 
120; Beboul a. Truehol. .1. Ill, ‘247; Heeld, ' 
If. 11, 1424 ; A. 172, 70). Sec also llnxcNYf. 
nuoMinr. j 

Di-bromo hoxylono C.fliJh-. S.d. ® 1008. 
From lioxylene (derived from nmnuilc) .nnd Br 
(Henry, B. 11, 1^). I 

Tetrir.in*tttiirnexylcnc C,.lLBr,. lyom di- 
allyleno and Br (Henry, (/. 1^. .s7, 1^). 

Ooto-brnmo-hcxylene (’Jf,Br,. (isp^]. From 
»rc-bexvl iodide and Br at 130 (Mi'i/ a. Weith, 

B. 11. 2210 : llccht, /;. 11. 1120). 

Octo bromo-hexylene C,iH Jir„. From hexane 
and Br at 127"’ (Wahl, ]i. lo, 402). 

BROMO-HIPPURIC ACID C.dKBiNO, i.e. 

C, n,Br.CO.NlI.C’IL.CO.Jl. From hippuricneitl. 
alcohol, and Jtr. Sle^nler needles. Possibly 
identical with the following acid. CaA'j (Maver, 
B. 1805,415). 

f)-BromO'hippnrio acid 

[1:4] 0,H,Br.CO.Nll.CfL.COJI. Excreted when 
p-bromo-tolucno is taken with food. Flat needles 
(from water). Boiling IlCl.Aq forms glycocoU 
and y»-oxy-ben7.oic acid (Preusse, If. 5, 03). 

BBOMO.HYDRATROPIC ACID t*. Bhouo- 

PSSKTL-PROPIOKIC AOXn. 

BBOHHYDRIN v, Oltoibqi. 


Methy! '-{her G..H,Br,(01I)((.).Me). From 
melhyl-bvdreqiiinonc ami Hr (B.). 

Bi-methyl ether G,H,Bi\((IMe),. [142'^]. 
From di-iiielhyl-hydroqiiinone, and Brin lIOAo 
(Habermann, B. 11, 103(>). Melhyl-otliyl ether 
G,.U dlrjOMe)(()Kt). f8S Prepared like the 
preceding (Fiala, .)/. 0, 013). 

Di-i.u)butyl ether C,n.Br..(OC,II.,).. 
Frem 0.11,(00,11,), and Br (Schubert, .if. 3,084). 
Plafos (from JlOAc). 

Di-bromo-hydroquinoueO„H.,Br(()H)(OBr) (?). 
Bromo.i'yd>romo-j>hen<'l. [87^]. From ijuinouo 
(I mol.) and Br (I mol.) in ehlorofurm (Sarauw). 
Oolden tables, si. sol. (dher and (dlCl.,. decom-. 
jiOsed by water into 11 Hr ajid broinoquinone; 
clianges slowly to C,iILBr,(Jll),. 

Tri • bromo - hydroquinono C.,Hnr,(OH)^. 
[130*’]. Formed together '*4111 tetra - bromo- 
hydroquinono, by ircating di-bn>mo-quinone 
with cone. HBi« or by the action of Br (0 moI«.) 
on hydroquinono (2 mols.) oi^quinone (3 mols.) 
^Sarauw, A. ‘209, 110). Silky needles, .sol. alco¬ 
hol and benzene, v. sol. boiling water. Fc._,Clg 
gives rri-bromo-(iuinone. 

‘''otra • bromo - hydroquinono C,jBr,(OH)j. 
['2 l4’j. Prepared as above (Sarauw). Prepared 
I also by reducing tetra-bromo*4iuinono (brom- 
i anil) with SO, or III and P (Stenhouse, A. 91, 
! 810; Suj^pl, 8, 20) or by warming it w ith cono. 

HBrAq. Slender nocdlea (from HOAc); insol. 
i boiling water, v. sol. alcohol. Fa^Cl^ forma 
I tetra-bromo*quinoDo. 



BROMO-IODO-ETHTLENB. 


m 


ISOXO-HTSBOQTnSOVB-PETEUIElH v. 
Bxmoqctxom-PHTHALitM. 

SI-BBOVO-HTSBOSOBBIC ACID v. Bsouo- 

BSXIiNOlO lOED. 

BBOHO-HTBBO-THTHOdUINONE 
C,^„BrO, 0,H(C,H.)(CUj)Br(0n).. [.''«’]• 
From thymoquinone and HBr (Scliniti r, li. 20, 
1318). Oxidises to bromotliymoqninonc f-liV'J. 
Tho di-aoctyl derivativo is formed liy the notion 
of acetyl-bromide on thymoquinone.' 

Di-acetyl derivative [91°). Itliombo- 
iicdral crystals (Schulz, B. 13. 037). 

Di-bromo-hTdro-thynioquinone I 

C.(C,H,)(CH,,)lir.(OII)-. i 

Di-aceti/l tierivative [122°]. Colourless 
tables (Sehulz, B. 15. (!38). 

BKOMO-HYDEO-TOLCaillNONE 
C,HjMeBr(OII)j. [o. ICO”]. Formed by tlio 
action of cold cone. HBr upon toluquinone. 


C«A',—KA'.—AgA' (Mabery a. Jiloyd, Am. K 

aBB-Bromo-di-lodo-aerylic acid 
CI,:CBr.CO,H. [182’]. Glistening eoloiirlesi 
plates. Formed by tho action of iodie.e liruinida 
upon iodo-propiolio acid in etliereal solution 
(IloHiolka H. }i. 18, 

fi.ia- Di-bromO'iodo>Acrylie acid 
Cnr:CI.CO,n. [ 110 % S. ;K. at so"*. From 
luiunt) ])rt)|.iolio utMtl.aiid Illr ^Maht^ry n. Iiloyd, 
Ant. -4, Di; iV. ,•(. 17 , JM). Sloiioflinifl 
jnii-ma (from wutor); fj;/.. «-ol?;!:'.'iHl.— 

JluVoH,‘a«j. S. 10-7 at‘J'*■ AbsV'. 

3n5*l)i-bromo-iodo-acrylic acid 
(’IHnCKr.COJi. [117 l. Lmis' ^Iky ii. t .ll. ti, 
M. Rol. cold wuti'V. Fiirmod by il.t' action of a 
solution of bioiniiu* in rhlorc*f<inn uikhj iotb>- 
]'n»jiiolio acid ICiC.CO.ll (lltimolKa a. Slolz» 
/;. 18. 2*J.Hrd. 


(ilisteninf» plated (Sclmitcr, Ti. 20, 228»;). DI-BROMO-IODO-ALLYL ALCOHOL. 

Tri-bromo.hydro.toluquinon© i h'tkyl rf Acr CJI.UrJO t>. 

OylljBraO.^ i.<*. C,Hr,Mo(OIl) 2 . [2tt2'’]. From (dllr;CIlr.Cll...()]'U. t)il. Frinn iod«» proparpvl 
tri-broino toliuiuinono and «0... N'ccdlos, sol. ethyl rlhcr aii.l Hr (T.ichcrmntm, .4. Id.'i, 2 Hi;).* 
water (Cait/ .m ri a. Spica. O'. 12. 171). u-BROMO-IODO-BENZENE CJi.ltrl [1:2). 

BROMO - HYPOO.ffIC ACID i*. HveoiiTiie From o-liromo-anilijn* or o-iodf» Jiniliiie 


acid. by tho diazo- reaction (Kiirnor, (/, -J. d.'Ut). 

DI > BROMO - ICOSYLENE C .„U ,..13r;j. Oil. m-Bromo-iodo benzene C„H,Hi I (2f>2'’). 
From icosineno and Ur (Lippmajjn a. Haw- .Similarly pr«'p.iifd (K.). 
liczok./f. 12, b'j). i /I Bromo-iodo-bonzon© 0,,ll,llrl [1:1]. [92'^]. 

DI«BROMO‘INDIGO C,,TIJ1j\.N\.Oj i,c, | (2.V2 1. .Similarly pr(‘)*ar<‘il ((Irlcsii, J. 18h0, 
0 O ' 1 V_> ; K.). 


C.H.Br<‘^.>0 C<'^.>C.IIjBr. Formed by 

ii if 

boiling? oi-di -brnmo- m-l»romo-f)-amido*acfto- 
plienonc [■'>:2:l] C,iIJ,Ilr(NHj,b(X).CllMr^ or u’-di- 
chloro - nt - bromo • o • amido • a*'* tophoTumr 
|5;2:1] C..H.,Ur(NII.)C().(.dl()l or Ihcir accdyl 
dorivativis with dihilo NaOU anil c-xi'OBurotu 
iho air (Bacycr a. Ilbuni, Ji. 17, IVo- 

pared by iM atinR hroiiu) i^alln with rCI, and 
tr<*alinK Ibo product witli a 10 p.c. aui'itioni f 
lit ill acetic acid and tlien witli aipieons SO;. 
Borne isomer!'' di-broino-indipnrpiirin isfornitd 
at the Bailie time (Bacycr, 7/. 12. lMir>). Small 
black nc(“dlc3, may bo sublinud; v. i-l. so), 
most menstrua. May bo v<‘ihi'’cd to a ‘ vat ’ like 
indigo. 

BROMO-INDIRDBIN C.JTJlrN./l,. f.ong 
needles. Formcfi by the action of Na/U)., on 
an alcoholic solution containing indoxyl and 
bromo isatin (Baev* r, R 14, 17'la). 

BS-BROMO-IObO-ACRYLIC ACID 
C,H,IBrO.. t.c. CBrl:Cll.CO.;H. iHb ). S. 1-7 
at 20*^. From bromo-propiolic a<id and HI 
(Hill, Am. 2. 175). Scales. -Ba.\',:tiHi. S. (of 
BaA'j) 10 at20\~Ca.Vj:tUq.— 

ad-Bromo-iodo-acrylic acid CUhCBr.CO.H. 
[96°]. FmineJ by the ad«lilion of IlBr to 
R-iodo-propioIic acid ^Homolka a. IJ. IM, 

2284). Neodb .s; si. sol. cold watj^. By lieating 
in alcoholic solution with AgBr it yields a8-oi- 
brorao-acrylic acid [85^] (tStoIz, B. 19, 527). ^ 
0a>Broxno4odo acrylio acid CllBnCI.CHJf. 

CoIourlcs.B crystals. V. sol. wat*T. 
Formed by boiling propiolic acid with au 
ethereal solution of BrI (sStoB:, B. 19, 5!t0). 

08a>Bromo-di-iodo acrylic acid 
CBrI:CI.CO^I. [160"]. S. 2 at 20^ From 
bromo*propiolio acid and Iodine in ether. Flat 
|ix*tided plates.—BaA.',4aq. S, 16*26 at 20°.— : 


7Hc/j/<» r/dc [!15‘' 120°, with 

dc<-oinpo:,iti‘>n]. Fpd. as yellow iiecdlt'S wlicn 
chloriim is passed inlfi n solution of liromo-ioflo- 
bcn:-* iio in chloroform ((^ Willj'crodl, .l.vr, (2} 
.‘til, 1.'*.^). With alciihfd it forms ubbdiy<lo ninl 
(\,H,BrI. It conv<-)ts imdallic nn<] ubNiliolio 
if.«li<li s into chlorido.t, iodine heing si paiatod. 

Tri bromo iododienzBUO (’^IFBr.l [1;:{;.5;G]. 
I UU ■]• Obtiiini'd hy adding Cfiiic, ill h) a Hoh* 
tion of C,,HJh.,.N'N.NO,. (^donrbss nccdlfis, 
S'd. li-i» al^oho]^tSilborstoin, J. pr. ;2j 27, 120). 

Tri-bxOuio iodo benzeno (’. H.^IBr, [1:2; 1:5). 

[n;.5']. 

J)ichlor\‘lt\ (^11 IBr„Ch. Fornn d liy <lis- 
solving C,,fl;IBr., in t.'MFI., and p.n. tug in (Ih 
(WiltgiTfalf, J.pr. (2J 0:{, 1.59). 

.s-BROMO-IODO-ETHANE C,H,Br3 i.fi. 
(IH^Br.CHJ. h'jtiiijh'nc broinuuliih'. [2's’). (160°) 
S.(h 2 5I6. From broriio-cllr lf;no lunl cono 
1JIA.| at BIO'(Itobonl, A. I55.V 
clhyif.tic ni'^ l)rl {Ma’iwcil Simps c 22,.51). 
N< od]('S ; id.' mjI. col l alcohol. Ab’olndic KOIf 
j'ivc.3 iofln-f.thylono and ncctyl< t)e (hagf-rinurk, 
J. B. n, r.ii). 

r^.Bromo iodo-cthane <'l.,.(41BrI. FUnjl. 
i'/.6r<»wj?o,/t./c. (Mi; ). S,i». ’’ 2-452. !''ioni 

bromo-ethyb'iie and one. JilAij at 4' (H.), or 
from w-di-ioilo-fthano a id IBr (Maiwidl .Simp* 
son, Pr. 27, 421). Alroi' lie KOII forma bromo* 
rlhylene. 

Di-bromo-iodo-ethano {170°-180°), 

S.fh 20 2 B6. From broino-cthylcno and IBr 
(M. Simpson, Pr. 22, 61). Ag,0 forms C^H^Br. 

. BROMO - lODO. ETHYLENE C,ii,lBr. 
Aictiihne, hromiodida. fc. H']. (1.50° cor.). H.fh 
(Boiidj 2*750; 2*627. fiot by pasiing acetyl* 

une into Aqueous solution of BrI, tho product 
being treated with Na,S;,0| and distilled witli 
steam (Plimpioa, 0. /. 41, 606; BabanejeSf 
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S16,366). With aloohollo KaOH it »pp«ui to 
gire off 0.,HJBr. 

u-Bromo-iodo-otliyleDa CH,;CBrI. (129°). 
S.O. » 2'(i05. From chloro-bromo-iodo-othane 
and alcoiiolic KOIl (Henry, C. R. 98, 741). 
Blowly absorbs oxygen froin air. 

Di-bromo-iodo-ethyleiie CllJriCiilir. [CC^]. I 
Small prisms. Fonnoil by the action of an ^ 
aqueous solution of bromine upon iodo-pro- i 
piolic acid ICiC.COJl, CO., cvalvcd 

(llomnlka a. Stolz, /?. IH. ‘ 2 * 2 .sr>). 

BROMO-IODO-METHANE CfUiil. ^Icthul 
en& bromioilide. (KJ'J }. S.G. V.I>. 

y C5. Front inotlivlciie iodide and Br or IBr 
(Uoiiry, /i.'lUl/.'m'l). 

Li bromo-iodo-mothano CHBr^jI. IhvmiodO’ 
form. [0 ). Froiri itidnforni niidBr {S«.-rii)hi.s, /I. 
Gh. 12) .•M,22o; Boiichanlut,»/. /Vi.‘id. 10). 

BKOMO-IODO-NAPHTHALENES 
The threu followinj.' arc tiblaincd from the corre- 
Hpondin)' l>roiiio-na|dithylaiaines by llio diazo- 
reuclion (Mtildola, V. J. d?, 52d); 

(a4)-Broiiia>iodo naphthalene C,„H.;BrI [l:r. 
[Hd j. Carj'o fliit ii'cdlc'ts; insol. water; sol. 
alcohol ami ylaciul JtUAc, v. c. sol. bcn/.ciio and 
otlurr. 

(ct/Sj-Bromo-iodo-naphtlialene Ih l [1:3]. 
[C)S% Needles. 

(a/8).Bromo.iodo-naphthalone C,JlJhi [1:2J. 

'I’hick needles. 

BBOMO IOLO NITRO BENZENE 
Cjg'.ri(NO,) [l:2:o]. 1101;°). From C,.lT,I'.rr 
}l:2j and UNO., or from C.,II,llr(NlL)(NO.J | 
fl:2:.'>] (Kdrner, G. I, 3s;{). Needles or prisms, j 
Alctdiolio Nil;, dispUict s I by NIL. 

Bromo ■ iodo - nitro benzoue C.,lI,Brl(NO..) 
(1;I:9J.|90 J. l'V..i„C„H,lir(N 11.)(N(),)i 1:1:8|(IC). ! 

Bromo - iodo - nitro • bunzouo 0, II. hri (NO.) 
(l:3:4j. (HF'J. Fnon CvU,l5r(NH.}{'so,) [1:3:1] 
(K.). Alcoljolio Nllj displjvci'S I i)y NH.. 

Bromo • iodo • nitro. benzono C„ll.dhI(NO..) 
[I:3di?]. [127 ']• Formrd, to-N^ln-r^wilh tlio 
followiii;^ boily, by dL.-oU in;' nt-bromo iodo- 
boir/eno in (uminj^ IINO^ (K.). Alcoholic Nil,, 
displuees r»r hy Nll.^. 

Bromo - iodo - nitro •bcuzono C..U,r»iI^NO ) 
[1:3:2; i. Nivdli-.. 

BROMO-IODO-NITRO-PHENOL 
CJL((>ll^^Nl>,)l^il[l:2;l:^.!. llOl ^J.l-Vomil.d.U- 
bromo-iiitro jtiiciiol, KOH, lilO., and 1 (Korm r, 
•T. • Monoclinio tables a:h:c 

-o-JILTriw?; B 05^ .3^' (Or.iyi,^<. KrystA, 
437); volaiih: with steam. - KA'. - Na.V. 

Bromo-iodo-nitro pheaol C„llAOll)(NO^)I)rI* 
{1:1:2:01. From (l,3.0).bromo-nitro*idicuol as 
above (K.). Trisin^ (from ether).— KA' : yellow 
needles. • 

BROMO lOLO-NITRO TOLUENE 
Cj,Il.;MeBrl(NO,) [1;3:4 :j 1. [IIH^’]. Formed by 
nitvatinj' (l,3,0)-bromo-iodo-toluem5. Needles 
(WrttbUnvsky, A. 10^ 100). • 

Bromo -iodo nitro- toluene C., 11 ;MeBrI(N'0.) 
[1:3:2 orO:x]. From the corresponding bromo- 
imlo toluono (W.). 

Di-bromo-iodo-nitro-toluene 


0«HMeBr,Ii and foming HKO,. Tteldi on n- 
duotion by 8n and HOI an amido* compound 
which is converted by farther treatment by Sn 
and flOl to o-toluidine (W.). 

BROMO-DI.IO1)O.PHEOBOQI0CZK 
C6(OII)aBrI.^. From tri-brunio-phlorogluoin and 
aqueous KI. Decomposed by heat (Benedilct a. 
SchmMt, Af. 4. 003). 

BROMO-IODO-PROPANE CABrI i.e. 
ClI,.CBrI.ClI,. (118'). S.O. ii 2-20. Formed 
by union of HI witli allylone hydrobromide 
; (Itebouh C. li. 71, 009, 941). 

1 Bromo-iodo-propane CIIj.CHI.CH-^Br or 
I CHa.CIlBr.CHjI. (100'^-108‘^). From propylene, 

} water, and IBr (M. Simpson, JV. 22, ;>1). 

I DI-BROMO-IOBO-PROPYLENE C.HJBrj (?). 

I From iodo-allyleno and Br. Docs not combine 
I with Br (Licbermann, A. 135, 275). 
i DI-BROMO-IOLO STEARIC ACID 
C,JI,.,Br,.I().. From ricinoleic acid C,JIj,Oa vid 
C,sH,'l()‘(Claus, i/. 9, 1917). 
BROMO-IOOO.TOLUENE 
: CAMeBrI ri:2:3or5]. (‘200 ). S.G. 2-139. 

I From (\Yroh!owsky, A. 108,104). 

Bromo-iodo-toluene C,.Il,Mt!BrI [1:3:4]. 
(205°), S.G. ■■'’2 011. From the corresponding 
bromo-loluidino (W.). 

Li-bromo iodo-tolueno C,H.MeBr.,I [1:3:5:4]. 
[80^], (270°). From C, ir.MeBi(NO.d(NH.) vid 
C..ILMeBr(NO,.)r, and C,rLMoBr(Nll,)I (Wro- 
blcwsky, .1. 192,209). Also from di-bromo-p- 
■ toiuidiue, C,ilLMcBr.^.(NII._,) by diazo- reaction. 
Di-bromo-di iodo-toluouo C„HM( Br,I. 
[1:3:5:1:2!. ;08'’]. From C.,UMcBr.I(NlI,) by 
diazo- roaelinii (\Vrobl«‘\v.diV, .1. 192, 212). 

BI-BROMO-IODO-TOLUiDINE 
C..inielli J(NH,) [l;3:5:l:2!. [OLJ. By roduc- 
lion of the corresponding iiilvti- compound (Wro- 
hli-wsky, .1. 192, 210). Conveilcd by sodium 
{Ltaal;;am Into o-toluidine. 

derivative C,.HMeBr..I(NIIAc) 
[121"]. Small white nccdlrs. 

BROMO-ISATIC ACID r. I.s.vnc acij>. 
BROMO-ISATIN v. Isatin. 

BHOMO-ISATOXC ACID i\ Is.vioio acid. 
BROMO-ISO* V. Biiomo-. 

! BROMO-ITACONIC ACID 0^11,BrO,. [104°], 
: Formed by the dry distillation of t/a di-bromo- 
pyrutartaric acid (Swarls, J. 1873, 584), Its 
anhydride is formed similarly from i/>r-di-bromo- 
pyrotaitario anhydride (Tetri, IS. 14, 1037). 
Alkalis form aconic acid; Sn reduces it to 
ilaconic acid. 

BROMO-LACTIC ACID v . Bko^io oxv-poo- 

’ I-IONIC Acri>. 

j DI-BROMO-LAURENE C,..TI,,,Br, (?) [210°]. 
! From laureno and Br (Montgolfier, A. Ch. [6] 
! 14. 93). 

! Trl-broiOD-Iaurette [125°]. From 

laureno and Br in the cold (Fittig, Kobrioh A. 
Jilk»», .4. 145, fdO). C/, LACliEKK. 

I iBROMO-IEVDLlC ACID v . Brouo-acettl* 

PBOPIONIO ACID. 

BROMO-LDTIDINE v. Bbomo-di-methtl- 

i PYUiniNE. 


CJlMeBr,l(NO.) ll:3:5:4;2]. [C9°]. From j 

by nitration (Wroblewsky, A. 192, ' 
210). Large needles. Volatile NA'ith steam. | 
Di-bromo.di.iodo-nltro-tolaene I 

C^cBfjL^NO^ [l:3:5:4;2:6j. [129'°]. From j 


BROMO-MALElC ACID CAlr(COAt 
CO.,H.CH:CBr.CO,U. or CO.,H.C.CHBr.COA 

CBr.C(OH),v CH.C(OH),v 

or II >0. or II >0.C188T, 

CH . C(K CBr . C(r 





tUiUAlU-M AlAliXiU, AVlth 


mit 


fonaed by boUlog di^brocio-sacoinio acid mr iU 
ba salt water (Kekal^, A, Sitypl. 1|S07; 
Tetri, A. lOo, C2). roriuod also, to^ctltcr with 
bi’omo-fumaric acid {q. v.) by the action of Br 
and water OD succinic acid at 180 ’ v lu knit*, 

J30, 1), or fiimaric acid at loO' {^('.n ius, .1. 110, 
201). jM i>ni^ or n- edn -; v. v. 

water, alooho!, and l ilu-r. .'I'lits up into waUT 
and its anhyilridi- on lUstilliiiii'U. 

b'or lli^(•^l^^il»n i>f fcnuvila m i* Mai.mV ai Ii*. 
lii'acli >ns.-- \. Si'^iiuin-itnuil'jtnn civts 
ciiiic acid. 2. Fuming' lllir nnilis in iln-cobi, 
funning di-bi<mnj-iiui. inic U'-id. 11. A’:. i7r. 
of its Nu salt i^ivis C‘» a:id Ul’r. i. !>niiiii}’ 
com:, b ir^if-i li'x'.t. r forms o\adc and net tic 
acids. -5. Win n it i.s ili . olM ! m \v tt. r and an 
rijuiva!! nt of aniliui' is add< d tli'• i* ' i j'.ual's a 
crvstallim- |ip. {’.Hl5r.;t (Mli,ri» H.NH ('.H K 
[1‘JS j. ’I’lii; acid aiiilii.r '-alt 'ii-.-'.dxi d in 
waliT and ailou. 1 (o -tand tiu' m id 

umlidi- COJI.t’ lIDf.CO.MU’.H . uhi.di cr\.-tal- 
liscs in pristtis; in mI. in rljlnir IJCi. If iii t> ad 
of ulUnNing tin- siil> Jan'-o to r*m-t in the 
cold tin- .soluiion is h. :i(- d, tin* t’ompotimis 
C,„II,.XO. nml C,,H,.Nn, arc oliiaim«L 

(’iNill’li) - COv 
probuldv • 

' Cll -HK 

[2d0'^J. forniH oilir*' •rolnnr.-d mirro.-^n,-) lo 
needles. Insol. lioi, o.d<l ai|; i; !. 

hot. ulcoliol. U-ss 111 ...M; C,n,,NOj. pi.i- 
CiNHl’]i) (’l)Jl 

baldv I' , fol III . V' IImW I: 1j 

cn.co.Mii-ii 

iiidistiin t cry la-., Iml, m. sol. cold mj. 

Sol. alka'is : acid ■ p]i. 1)tc ; u!. t ,iic>- ui.ciian},- -I 
(Micllio I. J-ai. !m|; }l. in, 5). 

halts. cn f,;llnic pp. CaA' Vmp 

— Cii\a, \", bi'p r}r:V''a p 

Jiirih'fl! il '-tin:/' i.V.y ('on- 

verti-d by iodine into di.ni' !.n> l l.rcn.M fa;a;.i ale. 

-il i thi-r .\"K! . i.V.i. 

fl 10’ l.n(» ) at ?.'t nun. (An-chii!/., li. 12, 22->.; 
Fcliachcrl. A. ‘.H). 

Anht, i (.Millrt),. cdl-'j' i.V.). I'.'riii' d 
ns above, :uid also liv In aim ’ «ii i i''’ii.<i- -ac' inii- 
n«:id with Ac n.i! ]:;<) lAe- lint/, ]•), J.-.sM. 
Water form ; bi iMu.i-mal* ic m id. 

.1 nude llr.V A>.. : I*'.s ' J7o d I'roin (Im 
iinide an I XJl,. 

Intiiir i(\ll!jiO »N1I. [’iol I'oiiuid, 

together \'.:lli tlo’ muiile of di-lii'<*:iin lua!'a- 
acid, by laalihg saccininiidi; v.itii Itr If.n 
(Ciaimci .n a. Siib'r, U. 17, d.'»7 ; Kd ieiui: l.j, 
jS'.'.v:, /;. 7!, •/••h. 

Iso ■ hrenio - malejc acid i.s ]>'.o':.,.j: M.f.j,' 
Acn> (V/. r.p 

Broiao-nrileic acid (.’) (',11 . 

From mta . dtiMjiKc aoi'i and l i., .:a (fliil, 

17. 2;;0». - K.A''mp- -ilaA" L'.ep W' AA ; 

Di-bromo-makic acid (i,Br H 
Formed, to/ether with I-Iolno-^I i.t .c acid, bv I 
broiniiiatii!;.'sii' ';iriic a.- ! iKe!:!:!.-, A. Idn jj. 
From (dyl-di-brcim .pyroiiiucb; acid and oom 
tri'bromo-pvr. in'a-ic a'-i-l bv b-t dilnie ' 

(Hill a. San;/';', .1. H'l). I'onio-d a! o by \ 

heating iniico'; lomic an 1 ’.utii Brat j |(p ,niAj 
Am, U, 48 ; JJ. 1-h 7dlp S.ender h r -I m < dien, ; 
V. sol. water, filcojiol, and f iher, v. si..- oi. ben/euo ' 
and ligroin. An ijnanli’y of {UjilijMj ' 

tdde<l to a solution of the a-id in v. ad r dir. -.'vi 5 ' 
VoXn L ' 


and tlieu deposits the acid aniUue soli. When 
this is allowed to stand under water it gradually 
forms an anilide. Tiie neutral salt in the 
same way gives (hodi-anilidotAUv.tCO.Nlirh),,, 
rilO . By healing the aoid (d I'ts.l, with waWr 
(bO ]/•<.) and ntiilino [‘2'‘2 pts.) for dO minutes 
(,\Nill’h) - COv 

^Xi*h ;iSd j is ( b: iiiied in the 
('Ih-CiK 

imn^ (if llat. vcl!i.ui-b red p:! .mu ‘n-ol, jup ; 

III. sol. Ilot ihcoli.d it.u i. .1,'; 'J \ 'h. 

Sails. BaA i.np aip 

—Ag A”: e\plodcs V.ill n In-;. V !. 

.-I >iC,!>i',('. ;!l.' . riipiiiedby 
heal ill;' t bi acni. N-.. db h tby !-.i'>lim.i: nai) ; rd. 
col.I r. 

luitli- 1: )Nn. pj-j.v j. rc.:,i. t bv 

lu alii!;.; snc. iiiiiiiide witli bivoiiiinc M"i;i'i, liiiie 
Cl \ i.tals. u:/:i’- - l.i 12.1: '.Hi p.); /i 1 p.i p.y 

boiliiii'with mpicici'. IvtUI it is loiiMind into 
di-bioiuo ni;'.'i-:«* at id ((’lamit . n i». ./>. 

17. o’»<» ; <1.1 -l.d."*; ( Ki. il hie iw, .. il V i I). 

Bromy-a.a.i ;c-:icid-iU-bi' 0 n.i<lc r. Tia-iiKoMw. 
src. iMc .010. 

I)l BRaMO-MAlElCALDIvHYBK 
{‘.Ml ;. (bit ill small iju.uil Ity fi0111 (;i,) dibtomo 
pv i-miiu i>- a>’id and ngm mis in 01 1 me ptVmnii s, 
/•'. 12. t2n;{ ; Hiii a. Saujn r, .1. 227). Btuig 
thin pri. ms (fioiu wat'-i). V. i.o!. ii!--oind, c-ther, 
rbli'i' fmin, and 1‘-ii.n nc, m. :<«1. hylit pt Inn 
b iiiii. In ae:;ni!.l«if CO. it in.ny l>e : uMimul. 
On o\;daiion it gives mm i liioiiiii- acid. 

BKOMO-MALEYhBHOMIDhC.lipr.O . [.MV»1 
l'i"'tncd by tr<atii.;' pn'it ili btmno p,u>'mm:ii': 
acid \Mlb cu!d biomi.n (Hill a. Siii-C' i, .1. *2.12, 
Mt). Bong pi ill I IS ^ftom bglit p. 11 c.lc:ini». 

BHOMO MAMC ACID C,ll BiO . lim ho- 
ilinm Halt NallA" i,- fmim.l b\ f!;, i.efionof 
NaOBl sodiuii. di bioino : uccin;.!.. |:..i!iji‘; lim/- 
W;i!< r <'(in\ m l if into calcium i:i< ein: C . Sodium- 
am.ilguii fun .iiiium micii ;.b. l'lj(OAc‘); 
H.s.P'iA. 

/ U'U / V IT. Soil lit III Halt 

cn liiMlhpCO N;,. H;.;.,., ,.jc,-uuuih; 

l-.iui'd by a'bl.cg aScobohe 7hi<'C[ i<i vo-liiuu 
tli'i'ioiiHi mic< iiiati- (Mui«l<r u. Ilai,il;i.i;.'i'r, 

/;. T. C. 1 , l.Mi. 

BK )M0.MAL0NIC ACID h 1 .i n', U. 

CIlIhKO Up., Oblaiiietl by tiio di- 

i'.omiimfcd acid with H'.idiiiiu ai.. ' • ,,, ,j 

■>. f:. l«b iJ. 11, o:.i. |)| ii.j •-.‘i, :u ; uu.ifii 

A,-/t foil:,. I.nionrc a-i A,-A’'. 

Di bi-ai.o j'l Cpi •( U If) I‘2fl |. 

fioui III,;'.cue aci<l CJlCi, aid lu’ (I'< fri. If, It 
V. 1'"); J. I:. 1", 0 ;.; \„, -t Ijntl. //. 
h-'-Ii* V. e. so!. V. Bc'lii • b.vnta v.aUr 

l"j .u - n-' , oxahe f.ci.p 

-Ir.'u/c (.'Br (COc- 1J ) . [I'tMi !. lo.med 

b.■ a'bliug Br to Juan .mule m a«u solu- 
Amu |l leiijiil, //. 17 , ■ vf.d i'oll;c-'i ai bv tJlf-. 
ii’ -joi: of a!c‘)b<-!i<: NIJ, on the umi b <*f penla- 
bjonio-a<s io.a< ‘ tic acid (7iir...Ci M l .1 .Cu.'OI 
(St'dna a. iVibimaui, Am. H, dm*p 
pri, ms, or hu::e oefaiadra. HI. k-iI. bot water, 
alcohol, and ac»-f.ic acid. ■’: 

uluP- amojpbou;-powder, insoluble in water and 
alc-.diob 

MvihijlamiiU CBr,(CO.X'IlMe) : 







BKUHOJUlAiiUjNlU ACID. 
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Urgo white needles or trfmctriG crystals (Freand, 
V. 17. 782). 

BBOHO.HAIOPHTBAUC ACID CJInBrO,. 
From tetra-hydro-phllialic acid and broioine* 
water (Ibmyer, it, IfiO, TrisjiiH or tablet 

(containing ^aq). Daryta-ualcr converts it into 

c,n,,.o,' 

BROMO-MELILOTIC ACID v. iJjtoMo-oxv- 
rni:v'. i ai rn. 

BROMO MESITENE LACTONE 

[105’J. From inesi!* no Iti'-fone, 

('.S, and Dr (t». A(?i;to a<’i;tic kthi-:!;). SI. so), cold 
ali'olud ntnlwater (llaiit/.sch.yl. 

BROMO - MESITOL C„!I,,l5r(> 
OJIMi‘,l>r((Hi). (from alcohol) 

(Dicdormaniui. h( (loii.x, />. K, ;V.»). 

Di-bromo • mcsitol C, ;\I<*,l>r„(()II). fl.^0’]. 

Fntm niesitol, Dr, llO.Vc, and i (.hu;ol>sen, A. 

BROMO MESITYL ALCOHOL v. Bicomo-u-. 
oxy-mi:hjtyi,i;.nk. 

;;-BROMO -MESITYL BROMIDE v. p-w-Dr. 

HIlOMO-MKiO rVJ-KNK. 

BROMO-MESirYLENE C,H,Mc,Dr 

n- cnr. { - I'-'j. i. V.). 
S.(l. l'vl2. J*’ornict| by Dm- aelioii of J niol. Di- 
upon cold mesityl'iH* i!) tin' dark (lilfi;; u. 
Stover, d. 117. (»; Selii iiiniti, Ji. It), 212). 

I) u- Bromo-mesitylenc 

iCl! Dr) [1;3:.5]. Mt'Ki/-/} hromiJ/'. 

[88'|. |2;tl ). I’risiiis. Formed by l»r(niuMa(ion 
of niesitylene at liMP (Wispik, JJ. lb, ir>77; 
(‘o’son. .1. (7f. IbJ C, 8'.); (’. t)b, 718). 

r.s-( Di-bromo.nicflitylonc OjilMe.Ur.;. [bPj. 
(378'). .l.iini' lUM-dh's. J'ormed by Ihe ucliiiri 
of 2 inols. of bromine upon niesityb iie in the 
<l:uk (I-’, a. y.; Sii.-;»enj'nth, A. 21“., 21H; 
Seliraiiun, If. 10, 212). Fuming UNO, give;; 
bromo-di-nilro inrsityleno [lt)F’J. 

p-w-Di-bromo-mositylone 
C.ll,.(ril,).P.r(C'll,Dr) ;> - Ih-omo . 

(hi, llnid at l*e«-(nn- 

]>o .('a on dist illat ion. Fortne«l by tin-a<‘l ion oi 
i.romine (I iiii.I.) in ./,/»/• upon cso-bri mjo- 
ini'sit \ !en(“ (Sell ram in, Ji. 1',). 21 

tt'u-Di-bromo mcsitylcuo ('..11 Me(CII Ihh. 
fbO'J. I’oiineil l»y pas-.in;.’ ('»). eliarp'id willi 
bromine >;i)'ourinlo boilin;.; inesitvleno ((\>I; ()n, 
J. C/n [<*•] (■*, ‘.>2; C. li. l)»h 718 ; Ib.l.inet, C. It, 
11b. f'OO). luiinv'd ab;o l.y treating u'^'-di-oxy- 
meltrtyj-'j; witlTJIDr (Ihddnet a. (’olson, HI. [2] 
tU). prisms; (h-eoinp-.’-i <*1 by alcohol. 

Tri-r\.>-bromo-niesilylenc C,.Me,nr,. {221"], 
l ovtued by the aelion of .8 mol t, of broinino* 
nptm inr^ntyleuo in tin' duilc tl^ehramm. If. ID, 
2181 , Trielinio crystals, v. si. sol.aleohol. 

;■ a',av.-Tri.bromo-niosit}lcne 
'Ul:{<^njr.r(nLi:r).l.“.:l;8:l]. [122'"]. Obtained 
by the action t>f bromine (I mol.) in 
upon lu't j)-o’-di-bromo me^-itylene (/‘-bromo- 
mesityl-bromide) C,3^FiOll ,\-l’r\CII..Dr). Veiy 
blender needles (from aleoliol) Sehrumm, If. ID, 
218). 

e-ft*,w.-Tri-bromo mesitykno 
C,H,MoDr(FH.,Dr), [:.:2;l:8]. [81]. From 

bromo to?,u,_.*di-oxy-mesityleno and cone, lii.r. 
Can l*e formed by brominating nu'.silvleno (CoU 
son. .1. i'h. [t’i i\, 101 ; HI. ;2] tl.iO’.b). 

Tii-bromc-mcsitylcno (', II ,(CTI DrV,. 
(04'-'}. (21.' ) at 10 mm. From boiling nusilyl- 


ene and Br (3 mols.). Needles, v. sol. boiling 
alcohol (Colson, C. R, 9G, 713; A. CJi. [C] 0. DC) 
BROkO-HESITTLENJBl OLTCOL V, Bbouo- 

DI-OXY-MKSITTLBXK. 

BB0M0.HESITYLENE SULFHONIC ACXI 

C..H„DrSO, i.c. C.llMe,Dr.SO,H. Formed by 
the action of brorniiie-waler on a very dilute 
Bolntioii of •me.sitylenc-suliiliorjic acid or Us Da 
salt; formed also from bromo-mositylene and 
fuming IFSO, (Kose, A. 101, oi*). Dcliqucdcenl 
triinetric needle.; (fn>m ether). - Da.V„aq.— 
FbA'.. 1'.ng. K.\'aij. (InV. i.iip Na.V. 

(a).BR0M0 -MESITYLENIC ACID CJl.DrO, 
j.e. C, lFMt'_.i;r(C(».li) [l:8:J:.7;. dl7^]. Formed, 
to'ether with .s<mn; of it-; i.somerid'.;-, hy the slow 
aetion of Dr on ine.-itvlenic acid in thn cold 
Formed .also from the corre.'^ponding ainido- 
me.itylenio ueid (Sehmif/, A. IDd, 172). Tri- 
inetrie pri nns (from alcohol), a:h:c 'D27:l: *470 
■ Da.V. Ijkj : inoimelinic, u:6;c - 3-0(>8:l: 801; 
A t»8'2 r.- CaA'.j 2;i'j. 

(8)-Bromo mesUylcnic acid 
C,H.Mo,Dr((;<).ll) |l;8-.2:ri’. [215^] (Sch.); 

[212''j (S.). I'oriiK'd by oxidi.'^ing bronio-mesily t- 
cnc (Fittig a. Sion-i', .1. ] 17, 1), or from tin? 
corre;:|iniiding amido- aeid (Sch.). Monoclinic 
crystal;-,l-lD8:l;-7»'*n; 8-; 70^ 35'. —DttA7. 
— CnA';_,. Ca.\\.8a.j. K.\'. 

! Di.bromo-nicsitylei)icacidC,.inir..Mc^(CO..,II). 
flOo^]. l-'ornicd by oxidising di-inomo-mesityl- 
one (Siisseiiguth, A. 215, 250). Needles (by 
sublimation). - CaA'..7ai|.-- I’aA', 8lag. 

I BROMO-METHACRYLIC ACID C,lI.DrO, i.e. 
CHDrtGMe.CtFll. JJrv)no-cr>'fii)tii: iicu'l. [C3®]. 
(22'.)'). J*’rom fitni- or vu'.'.ii- cli-bronio-pyro- 
tartaric acid by t real tin nt \\ iih \val(‘r. NajCOjAq, 
or K(>ll.\(j (Kekul/', .1. (S/'/ei/. 2, ti7 ; Cahours, 
A. Huj'}'l.'2, 8 17; Fitlig a. Ki usemark, /I. 20l>, 7 ; 
Friedrich, .1.2()8,851). .\lso from a/t-di-hromo- 
isobniyrie acid and NaOII.Vg (C. Kolhe, ,L f r. 
(2 25, It'S:?). I'lat Jieedles, ;-l. smI. Cold water. 
Deduct'd hy s?Mlinm-amal;;am t-» isobiityrlc acid. 
])ei*nmpi-; ed hy heating with alkalis into 
m-thane, allvleiie, ami acid (F.).— 

<.kiA',8a-i. s' (of CtaA',) 5-75 at JF’.-Ag.V.— 
liO.GuA'. Nil (.MorawslJ, .S//j. If, 74, 3D), 

H/hyl t'dinr Fl.V'. (ID3 ) (C.). 

Bromo-mutln^crylic acid 
Cll :C(CK_.Dr).CO.n. [tlG ]. Fm-niril, tngether 
with tlio preceding, hy boiling nosa-di-broino- 
jiyrotartario aci.l willi wafer or Nu_.C().,A’i 
(Kru.-ieinark, A. 12). Damin.i? (frmn water), 
V. sol. water; volatile willi f-lt-am. lliuliiced 
with dithcnlly hy sodium amalgam to isobutyric 
' acid. —Cu.\'-2a(i. S. (of l'a.\'^) SO at 5 ’. 

I Di-bromo-methacry lie acid C,TI,Dr.O,. 

I Needles. From Iri-hiMtuo-lmlyrie acid(difiromide 
cf broino-methaeiyli«; a.M). At 120 ' ittakos up 
Dr forming tetra-hromo-hntyric acid, whcnco 
Ixnling alkalis form 

Tri-bromo-methacrylic* acid CJlaDr,0,, 

; Needles {(’.h 

ROMO-METHANE v. MrruYL TtROMioE. 

i-bromo-methano r. Mkthyi.i xk nuoJiiDE. 

^ Tri-bromo-methane i*. DnoMovoa.u. 

Teira-bromo-mcthano CDr,. Carbon Uita* 
hrc^milc. f!i2'-''}. (18D ). Oeeurs in commercial 
bromine (Hamilton, C ../. .-ID. Is). 

Formnfo.oi. -1. Dy In-ating Dr with CS. in 
j'resenec of I or ShDr, (Dola< a. droves, C. /. 
23. DU; 24, 778; ,1. loS, 00; Dk), 100).-2. 



HEXA-BROMOMETHYLKNE-DIPHENYLENE OXIDE. m 


From CHgCL and IBr, (Hdland, A. 240. 230).— 
8. From alcohol and Br (ScliafTcr, 7?. 4, 3(30).— 
1. By exposing a mixture of dilute Ki)U, bromo* 
form, and Br to Buuliglit (Huburnuinn, A. 
107, 174).--6. By hcatinf? bromoform or bromo- 
picrin with SbBr, or Hrl iil l.»-\ ♦*. Tram OT, 
and Br (CTUstHv>'iM, IT'J. —7. From 

CCl,and .\I at loii F^/Jsfi). 

8. Frotr Cll.,lh' and Ur in of anitnal 

chiireoul (Dainoi.M aa, C. '.'“j, i*j>. 

J*irpiuritio)(. ■ (2 n!-.J is heat* d witli 

iodine (.<i)ts.) and Br {llpi.^) for Vd Ijours at 
150•* (IhWatid, A. 2'5'0. 

Tal'l's‘.\ itli c itnphor libo 

emell; oxtirm-dy j^r.-iieto hiildimation. At ’ 220 ' 
it splits np inlu (' r*i-, and liri'initu'. Jioilin,? 
alcohol (d'« s biomal, lll’r, rind aldi-liydo. Aloo- 
holic KC)11 j»ivi s K (’()., and KBr. Si'dium-aniaF 
4 : uii forms (dl Br. and l.’ll Br . 

BROMO MEIHANE DuSULPHONIC ACID 
ClI lir^SO 11 I’p I aI inn s a! t K A". From 
bromo-di-..!i!j)iiu-;ild' iiv !<• ('i>riSO,l I' .('IIO by 
boil in;' wild a'p:. ..ms K\Fi), (Batlilo-, .1. it.], BWj. 

Di br omo riioUu.nc sulpliouic arid 
CIIB.r..Si).H, B.iri uni sa. 1 B.iA'..Tbin ’in.’ta.'iH 
p]ut^^. f.iiin. I by tin' aid ioti of Br nnn i' u o;m 
»ul)-b.t ;m af l::o lAndiv;: .di. M. 7, l '*7». 

BHOMO PtNl'A HErHYL-TRI A:.ni)0 Titl- 
PHENYL.CARBINOL F. ,H BrN n. Ily.ir..- 
brtunide (\,I1 ( Br. F.-jiii-cl by h-aJiii;’ 

tli-jiH't liyl-aiiiiine \\ i()i Br at 1 | jn .;' 

a. BrunMor. />. B). F-b'. Jl.r.dJp. 

DI.BROalO-KKTJiYLAMINi: M, NBr, r. 

BROMO-METHYL ANILINE 

(',1 i ,1 Br;M] Ml', {II ). I’n pai. I from 

lia- rnlro.-.iMnm-. 

A'U't’il di'rivdt i Vi' ‘.y^ 

Nitr\>.a -iie (’ 11 j IboN M- iNO). {71 ^ 

Ij'mo ii.-. dll ri.nifd !iy tin- iod lou of I i \ i». o;i 

jM l.romo-di-infiiivl-aniiiac (Wursl'-r a. Sell, ib ', 
7 ;. 12. IHl.s). 

lu-Bromo di moihyl.aniline C HjlbjNM.', 
fid*;, [li’']- ■ rorr.). Ih'-i'ai. d l>y tlo- 

Jii'd Ityiat .'f hi bj' iiiaijibiir*. Jiy tli-' aidioii 
o| 11 .so.it f^iv.'S a rut I (•omj ...;in.i wliit b I .j m.s 

b, .ht ;.’n-. n Ilf d!- ' and m* !fs at 'aliout J J-* . 

’ M, f. 1 1 db-.NM. J. i-jul ]. 

I.nallols (Wiir.'t* r ii Sri-.,;-. 12. 

/nBroinodi-niob’ivl.aniline (' H iBijNM.- 

Ihi'. ]. ,-‘:i 

Pivp ir'i'-i'if. 1- bio).iii,a! on of -U- 

111 'ibybaiiiliiit! <1 inni .-lir arj.l fW.b. r, 

j!. H, 711; 10, 7<b>;. 2. By m* 1 b>!.iti.-.Ti of 

brom iniijiie. By Ihe noii. n of ilSt), ii ; 
a mixtine of /• nitro-di-im iliyl anilinr and 
bronio-jdn .jybm- tiiy].nitr"-;u!: nt 

M et ii if I'i ■(■■'!{ a c II..S [b-*.!. ] 

^Wursl»-T a. Scdit'ibe, }{. l‘i, I^Fb. 

F’crr jctyu r,-;./r B' II .l-. it N 1 ‘.'f; [: b 
Ferrif']! av \'i li'di . 1 '.'FS b.n^: \.iy 

eolublc veliow ciA.-^tuls iWnr.-b i^n. lb r, }'• 12 , 
1%25). ’ < 

BROMO-DIMETHYL-ANILINE.PHTHA. 
LElNC,,H,,Br N (Fi.r. 

The hylrncn... i'l-, 

lormt'd by In.atiiig ;> b!oriio.fli-mf :i\’-aniiino 
with phthalyl chlorid.-. ri}sbilli>fs in ;'<• i blue 
oecdlfs. CoTJc. lU'lA.j PI'S. rlii::,'v ;if. n 1> '2IJCI 
(0. Fischer, D. 10. B JJ.riCl.. 


DI.BB0X0-1CXTHTI..AKTHEACSXE 

C,jHioBfa. [138^- From methyl-nnthrn- 
ceiie by Br in CSj (Liebormann, A. 913, 85). 
Yellow needlcfl (from ghwtial HOAe). 

Tetra- bromo - methyl - anthracene OisH.Br,? 
Koedle.s ffrom tolurmd. Oxidis. s ?.) dt-brouio* 
nndlivl-auibra.juitiom' (B.). 

Dt BROMO - DI - METHYL - ANTHRACENE- 
DIUYDRIDEr,,li,,Br . Imojumi m»dhvl anthrrv- 
(•< n» diliydndr and Br in lhb\*‘ (.Vii. •dnii/., , 4 . 

2lb'., Ox’di'-.'■: to .anilii.ii| Ml.•'ll'. 

DI-BR'JMO METHYL-AIROLACTIC ACID v. 

Ft tn->Mo-o\v -1 .M.M, II*. 

TETKA BROMO METHYL-AUirNE 
r .11, Br,0,. Foni.ril by bu*tni...-itiny imdliyl- 
aai Mir B'lIBr 2.r| (/ulicoVf b v, M. a, 171). 

BROMO-METHYL. BENZENE t*. 

To5,ri;NK. 

Biomo.di-methyl benzene v. Biio i.* xyi.v.nh. 
Tri-bromo-tri-mothyl.benzene <',,{('11,],Br, 
'1:2;dr Tri bn'iK,^ ht'tfiirni'Hiihvui'. {215'’]. 
N’rrdlr-j. SI. sub alf.dml. Forin«‘.l by lirnmimi- 
tioii (if (1.2;a)-tri-imdhyl-bt‘ii/,ene (.liUMdi.nm, Ii. 

' J."., Is.'iS). Other br(>im)-(ri imdbyl b* ii7.en<M 
nrr di-scrilH'il ns Bkumu-i/'-ci'mknks and Biiumo 

Ml ^^TTVnr.S'KS. 

Bromo - tetra - methyl • benzene r. Bia-uo 

M Ki M'. 

Bromo penln-methyl-bonzeuer.,_BrMt>,.{H»l ’. 
(2-di ). J'rum (\M.-,I1. ih, and I (b’lirdrl a. 
Cral; •. .4. ('h. [r'*] 1, -ITd). 

llexaM. bromo hex a inothybbenzene 
0 fCil Br)„. :25.V‘i (F. u. 0.); i227' J (IF). 

I'l ‘III In N i m* I hyl bcii/.( nr, w.alrr, ami Br at. 
l‘)t ()bditia'in, Ft, 1732; I'rir-lel a. Crafia, 

.1. d',! 1, 

BROMO METHYL-BENZOIC ACID v. Buumo 

I' l.nm A. n*. 

Broino'di-methyl-benzoic acid 
('.,11 BrMeX.'/O.IF [ 173 ’J. //r.'nn-p.scwdu cj/atetf/r 
• / ,' /. Jirarid. From (‘..H^,nrM<y 
ii:2:F5' by (.M],in llO.Vci^Sii - rii ’iitb,/F 215, 
2Jli, .1 fr.>m (MI,Mf .((.'<).II) {Fr-MundBr 
tfi.int'!', li. 17 , N(t-<llr.t (fi.-ui Nvairr). 

c. i.oi. ale -b.il.-- CuAV-bnj. I'-.t ‘(' t'-'d- 
Bromo-di-methy].benzoic acid 
(FII.BrMu COJl. fist) J. r>r,})no-}<yi,hilic nc'ul. 

1 lom (FHjMr (('() llj [ 1 [ uikI JO- {(I outer, D. 

17, 1001)]. Nrr.jb,: (fr('m dilutt; abunol). 

Other isonicrides tiro <lr: ('rir>< d v Bim.vro- 

I iMMt.' Ai Il.;; (</. I-.). 

f.nj BROMO DI MrcTHYL-COU^’AnJN 

Xv(CJi,;:(-];r 

(' i • Formed by brurnina- 

\0-CO 

tl-m "f (ll-m< f !'ybf‘<'iim;u i ! di'-ulved in C8. 
Cl N.sbiiiine »-uiid. ‘1. : nl, ;'«•«.bid. Converted 
by In.t r;l.-o!io]i.' JvOll ii.ludi lurLliv] ( (iiitiiarilio 
a< : 1 tdi - mMliv! -oi. .•uuruiie - earb-.xylio acid) 

(IFiiit/.-i Ij a. l.iiiir. // 1 '). F.!’.ll)). 

4 DI-BROMO-METF'iLBflE-Dl.PHENYLENE 
C.dFFr . M‘>2 f. Froi . metbylene di pbeny’ene 
('I. . .j. .N« < db or ui'labrditt (fiom etln r) ((jar- 

V, C. J. 37, 710). 

HEXA-BROMO-METHYLENE-Dl-PHENYL. 
ENE OXIDE C,0FBr,O. I’ormed, tu;retber 
itu Cm- }|( j-l.t-br-imnatf-d compound C,,)l,Br,0 
[Bbi J, by r.ddinr Br loo-im thylrne-di-phenyli ne 
M.-'idr , i-).(jjdr.l in watrr. Blacbi ng at 0. 225® 

{ (S.vlziJiai;). a. Wichelbaiib, li. 10, 1401). 

r f 2 
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Long 


BBOHO-UZTHTUSirE-rHTHALIOB 

^=CHBr 

C,H.BrO, C,H.< >0 . [13301. 

\c=o 

colourlean needles. Formed by heating phthalyl- 
bronio-aectio acid in vacuo; or by bromination 
of aeetoplienone-oarboxylio aeiil. It combines 

*ith ]3r, forming [1180] 

(Gabriel, B. 17, 2525). 

ji-BROMO-METHYL-ETHYL-AN ILINE 
C,,ll,,.l!rN i.c. C„U,Br.NSIeEt. (2(!50). From 
metlivl-ethyl-anilino and ]!r. Solidifies below 
0“ (Clans a.’Ilowitz, I). 17, 1327). 

TRI. BROftO - M-METHYL-ETHYL - BENZ - 
EHE C|„U„l!r, i.e. C.BrjMe.Et. [ 218 oj. (Jacob¬ 
sen, C. 7,113i). 

DI-BROMO - METHYL - ETHYL - GLYOXA - 
LINE C,Br.,(CIl 3 )(C.lI,)N,. Di-bromo-OMl- 
eihyline. [380J. Colourless crystals. Sol. acids. 
Formed by bromination of mctbyl-ctbyl-glyoxa- 
line (oxal ctbylinc) (Wallaoli, B. 1C, 537). 

HEXA-BROMO-METHYL-ETHYL-KETONE 
C,II.,Tir„0 i.e. CBrj.CO.ClI-.CBrj. ,90°]. From 
K-di-bromo-ethyleno and liBrO (Demole, B. 11, 
1710). Reduced by aodimn-amalgam to methyl 
ethyl ketone. Fuming UNO, gives malonic 
acid. 

DI.BR0M0-(il. 2-Py.2)-DI-METHYL-(Pw. 3). 
ETHYL-QUINOLINEC,jr,„Br,N. (141°J. White 
needles (Ilarz, TS. 18, 3380). 

TRI-BROMO-METHYL-GLYOXALINE 
C,Br.|(ClI,)N„. Tri-biomo-oxahncnujlin. [89°]. 
White ery.stals. Insoluble in cold water. 

Formation. —1. By the action of Mel on tri- 
bromo-glyo.xaline-silver.—2. By bromination of 
methyl-glyoxalino (oxal-metbylinc) dissolved in 
dilute H.SO, (Wa'.Iaeh, B. 10, 537). 

BROMO-M ETHYL-INDON APHTHENE-CAR. 
BOXYLIC ACID [215°]. 


Formed by brotninatiou of mcthylSiuloimiili- 
theno in chloroform. Needles. SI. sol. alcohol 
(llosor, B. 20,1575). 

HEXA - BEOMO-DI-METHYL-METHYLENE 
DIKETONE C,II lir,OJ.e. Cllr3.CO.CHo.CC).CBr,,. 
Jfexa-hromo-acctijl-acctonc. [ 108'’]. From the 
diketone and 13r (Combes,/I, CVi. [OJ 12,210). 
Needles ; decom\)oscd by alkalis into tri-bromo- 
and triroromo-acetic acid. 
■’^JJ^p-a-METHY.L-NAP.HTIIALENE 
f.so-BK0^,_ (208"^ corr.). Colourless fluid. 
C,uH,iBr(CH 3 )'. ,'potion of bromine on a cold 
Formed by the ii*:l-naphthalciie in CS... 
solution of (a)-metlij '■>ound 

Picric acid Yellow needles 

C„H,BrAlF(NO.,) 30 H. fl.. 

(Schulze, B. 17, 1528). 

<’,sY).Bromo-3-niethyl-naphthalto.;,|_ Formed 
C,„n..BrtOIl 3 ). (21)0^). Colourless 
by the action of bftmine on a cold so 
(/ 3 ).mcthyl-naphthaleno in CS... 

Picric acid co7npou7id ^ 

C„H„Br,C.H.,(N 02 ) 30 H [113®], yellow need. 
(Schulze, B. 17, 1528). 

<i?-Bronio-(/3)-nittthyl-iiapliUialeiie 
C,oH,.CH..Br. [5U®]. (213® at 100 mm.). White 
glistening jdates. Formed by passing gaseous 
bromine into (0) -methyl-napb thalene heated 
to 240® fSchulze. B, 17. 1520). 


Tri^iroino-di-metliyl'&aplithaleae 0„HsBr^ 
[228®] (Cannizzaro a. Carnelutti, Q* 12,410; 
c/. Giovanozzi, 0. 12,147). , 

tKI.BROMO-METHYL.Dl.FHENYI.AUIN£ 

C.aH.oBr^N i.e, NMe(C.,H3Br,)(C,H,Br). [98®J. 
From niethyl-di-phenyhainine and Br (Gnohra, 
B. 8, 02(i). HNO3 forms {CJIJ)r(NO,)*l2NH. 

Totra-brorao-methyl-di-phenyl-amine 
(CJI^Br.J.jNMe. [12y°J. Formed at the samo 
time as the preceding (G.). 

DI-BKOMO-DI-METHYL-QUINOL v. DU 

VlCthljU BaOMO-IlYlilUiQUINONK. 

B HOMO-METHYL-PIPERIDINE 

The mctliylo-bromido 

(B'MeBr) ia formed very readily by isomeric 
change t.f di-mcthyl-€5-di-bromo-n-amyl-amino 
(so-called * di-mclhyl-piperidiuc-di-bromine ’), 
CI[,Br.CHBr.ClI.,.CH.,.ClL.NMft.,, by warming 
its alcoliolic solution for a short time (llcrling, 
B. 10, 2030). 

DI-BROMO-METHYL-PYRIDINE Cen,Br,N 

0.,NII.^MeBr.. [100®]. Formed, together wUh 
ethyleiio bromide, from tro])idino {q. v.) hydro- 
bromide and bromine at 105® (Ladenburg, A, 
217, M5). 

s-Di-bromo-di-methyl-pyridine O^NIlAIc.^Br, 
[1:5:2:!]. DUhromo-hUidinc. [05 ]. Formed 
by the action of bromino upon an aqueons solu¬ 
tion of the potassium salt of .s-di-mctliyl-pyii- 
dinc-di-carboxylic acid. — B'^^LCl.^PtCl.,2 ;uj: 
needles (rfeilfer, B. 20, 1350). 

Di-broiuo-.s- tri - methyl -pyridine C^NMcaBr.^ 
[1:3:5:2:4], Di-hromo-collidine. [HI®]. (202^) at 
720 mm. Obtained by the action of bromino 
uyon an aqueous solution of the potassium salt 
ot .s--tri-iiiethyl-pyridine-di-carbo>:ylic acid; the 
yield is 50 p.c. of the theoretical. White pearly 
plates. Very volatile with steam. Weak base. 

Salta.—B'ilCl: easily soluble small gUs- 
toning crystals. B'._.lT.jCI._,PtCl, 2aq: orange- 
ypl low needles. B'.II/b’.X).: [llO'J; noodles.— 
l'/C,Jl^(XU.J;,OTl: [lOO 'j dark-yellow llat 
pristns, v. sol. hot alcohol, insol. water (Bfeillcr, 
B, 20.1315). 

DI - BROMO - TRI-METHYL-PYRIDINE DI- 
CARBOXYLIC ETHER. Dihromidc 
NC„H,.Br,(CO,Et),,Br,,. [102®]. From the follow¬ 
ing body and fuming HNOj(Hant/.sch,.(^l. 215,17). 

Di-bromo-tri-methyl - pyridine di-carboxylm 
other. Di-bro7nhydride 
NOJI,Bi\(CO,Et),II,J!r.. [88®]. From the di¬ 
hydride of (1,3,5,2,1) - tri - mctliyl-pyridine - di - 
carboxylic other by Br in CS. (llantzsch, A. 
215,14). Yellow twin crystals. 

DI-BROMO - DI - METHYL - PYROCATECHIN 
V. Di-mcthyl ether of Di-nudMo-i'YaocATKCiiiN. 

HEXA-BROMO-Dl-METHYL TRISULPHIDE 
CoBr^jS^ i.e. (CBr.,).S:,. CarhofriihUikexabromidc, 
[125®]. S.* (alcohol) 5‘5 at78®; S. (ether) 2’3S 
at 0®. From CS. and Br (lloll a. Urech, B. 15, 
275, 987; Ilf, li47). Prisms or tables, insol. 
Wi^f.u*. Hot cone. NaOll gives NaBr, Na-^COj, 
and NaaS.,. Decomposed by heat into CBr^, 
CBuBr.,, Silr.„ and a blue substance C,,Br.S42a(l, 
DI-BROMO-METHYL-THIOPHENE 
IIBr.,(CH3)S. (228®). Oil (Moyer a.KreiB,i?. 

•i.bromo-(a)-methyl-thiophene C4Br3(CHa)S. 
fp :'mo>{&ythiotolene. [86®]. Formed by bro- 
miiiatio?^ (3)-incthyl-tluopliene (Egli, B. W, 



545). Long colourless silky needles. V. sol. ether 
snd hot alcohol. 

Trl-bromo*metliyl.tMopheii 0 O^Br,(CH:,)S. 
[39°]. Formed by bromination of the methyl- 
thioplicno from pyrotartaric acid. Large colour¬ 
less needles (Volhard a. Erdmann, B. 18, 465). 
Forms a molecular compound [74°] with the 
preceding (Gatternuinn, Ji. 18, IU)05). 

Bromo-di-methyl-thiophene C,lf{OII:,).BrS. 
DromO'thioxmv, (11)1° uncor.). I'onucd by bro- 
mination of Ihioxone dissolved in CS.. Volaiilo 
with'steam. Colourless lliud. Heavier than 
water (Messinger, B. 18, 1037). 

Di-Dromo di-methyl-thiopheDe C 4 (CIf;,).,Br_S. | 
Dl-hromo-thioxmc. [40°]. (217° uncor.). Long 
colourless needles. J^ornicd by adding 2 inols. 
of bromine to cooled thioxene (from ooal-tar) 
(Messingcr, B. 18, 503). 

Di-bromo-di-methyl-thiophene C,(CIl 3 ).l>rB. 
Di-hromo-ihioxene. [47° 50-'J. Needles. Vola¬ 
tile with steam. Formed by bromination (with 
2Br.^) of thioxene (from acctonyl-acotone) (I’aal, 
B. 18, 2253). 

Tri-bromo-di-methyl-thiopheno 0.^11, ix. 
04 Br.j(Cn.,)(CH.Br)S. Tri-oromo-lhui.r(ine. [141°]. 
Crystallises and sublimes in needles. Formed 
by the action of an excess of bromine upon the 
di-bromo- derivative of the thioxene obl.aineJ 
from acctonyl-aoetone (Paal, B. 18, 2253). 

Ooto-bromo-di .methyl-thiophene 

[114''’].SinaU 

needles. Foj niod by the aeliou of an excess of 
bromine upon thioxene (from coal-tar) (Mes- 
singcr, B. 18, 50r»). 

BROMO-DI-METHYL-o-TOLUIDINE 
a,H,.JirN ix. C,ll 3 (Cn 3 )(Br)NiIo,,. (21.5°). Pre¬ 
pared by bromination of di-inethyl-o-toluidinc, 
or by methylation of bromo-o-lolindino (Mich)er 
a. Bampaio, B. M, 2172). Liquid; sol. alcohol 
and ether, volatile with steam. 

Bromo-di-mothyl-7H-toluidliio 
CIl 3 (Br)(CH,)XMe„ [1:2:4]. [38°]. (275°). 'h-e- 
pared by bromination of di-nietliyI-?«-tc)luidine. 
White leanets. Insol. water, sol. alcohol, ligroin 
and 0,;TIo (Wurster a. lUedel, B, 12, 1800). 

Ferrocyanidc B'._.ll4Fe(ON),i4aq: cryslals. 

Ferricyanidc B' ,1 r,;Fey( C N) ,2 Oaq. V« ‘ry 
soluble yellow crystals (Wurster a. lluscr, B, 
12,182G). 

TETRA-BBOMO-MYBISTIC ACID 
C„H„BrA. From myrislolic acid and Br 
(Masino, A. 202,176). 

DI-BROMO-MYRISTOLIC ACID 
Obtained by gently warming the preeeding (M.). j 

a-BROMO-NAPHTHALENE C.Jl.Br [Ij. 1.5’J. 
(277°); (280° cor.) (Uamsay a. Young, 0. J. 
47, 650). I’JToO; F503. 

(Nasini, Q. 15, 93). 

Formaiion. —1. From naphthalene in CS^ 
and Br (Laurent, A. Ch. [2j 59, F.)6; Glaser,yl. 
135, 40; Wahlforss, IBO.'h 3; Gnehm, B. 
15, 2721).—2. From diazo-bronjo-najd tlialeno* 
salts by boiling with alcohol (Rothor, B. 851; 
Stallard, C. J. 49, 188).—3. From Hg(C,oII,).i 
And Br (Otto, A. 117,175). 

Froycrtics. —Liqui<l, insol. water, miscible 
with alcohol, ether, and benzene. 

Beactions.~~l. CrOj gives phthalic acid 
(Beilstein a. Kurbatow, C. C. 1881, 359).—2. A 
. solution in CB,. gently heated with Al.Cl, gives 
/AVK«><\m/\.n5itt1ithn.lAnA aR th« chicf nruduct. to¬ 


gether with di-bromo-naphthalcnes, and naph- 
Hialene (Boux, BL [2] 45, 510).—3. Toluene in 
presence of Al^Cl,, forms bromo-toluene and 
naphthalene (Roux).—4,* Reduced by sodkm* 
aimUjam to naphthalene.—5. CbCOjEt and Na 
give naphthoic acid. 

Picric acid compound 
C„lI.BrCJL(N 02 ) 30 rT. [135 ]. Yellow needles 
(Wicholhaus, B. 2, 305 ; B.). 

JJirkloride CjoUjBrClj: [16.5°]; tables. 

( 6 )-Bi-omo-naphthaieuo 0,„1I Br [2]. [59°J. 
(282 cor.). S. (92 p. c. alcohol) 0 at 21) ’. 

Formation, -h By heating (/3)-dia/.o-naph- 
thaleno wdth a large r-xcess of llBr (Gasioruwski 
a. Wayss, B. 18, 1911; jf. Liebennann, yl. 183, 
268). 2. By running a Volution <»£ {3)-diazo- 
' naphthalene bromide into a Imt solution of 
I cuprous bromide; the yiedd is 30 p.c. of Ihco- 
I relical (Lellmaim a. Kiany, B. 19, Bll).- 3. 

: From (ia)-najiliihol and Pllr-, (IJrunel, JJ. 17, 

! 1179).—I. From (o)-bromo-)uipiithaIenc and 
' AI,C1« (Roux. Bl. [2i 45, 513). 

1 Trimetric scales, v. sol. CS.,, 

CIICI 3 , benzene, and ether. 

I Picric acid compound 
\ C,JT,«i-C„IL(NO,),OH. L7y ’] (II.): [80°J (B.); 
S. (alcohol of 92 p.c.) 6 at 20° (H.). 

Di-bromo-uaphthaleno C|„U„Br.j. [61°]. 

: Formed in small quantity by bromiiiating naph- 
: thaleno (Joliji, Bl. [ 2 ] 28, 514; not observed by 
! others). 

0 Di-bromo-naphthaleneC,„H„Br 3 [l: 2 ], [03°J. 

1 From ( 1 , 2 )-l)ronio-(/ 0 )-naphtliyl.amine by the 
(lia/.o-perbroinide reaction (Meldnla, ('. J. 43, 5). 
j Oblique rhoml>ic prisms (from alcohol, acetone 
or petroleum). 

w-Di-bromo-napbthalene C,„Tl,iBr., [1:3], 
[64°]. From di-bromo-(tt)-naidjthylamine, fll9°] 
by removal of Nli.j (MeUlola, C. J. 43, 2). 
Needles. 

Di-bromo-naphthalene C,„H..B **2 i2:3]? 

[c. 68 °J. Formed, togi'ilier witli t\vi» isomcrides, 
[ 8 l°j ai d by the action of Br (2 mols.) 

on naphthalene (1 mol.) (Gtiare.-xdii, G. 7, 24). 
Also from bi'uiiio-(/3)-iuij)hthol and l’Br.,(Canzo» 
iK'ii, O'. 12, 125). iTisnis (from alcohol). 

(aja')-Di.bromo-iiaphthaleneC,„Jl.iBr^; l:2'or3^]. 
[T P’J. From (4, 2'or3', 2 )-di-bnuno-)i:ipljthyl- 
jiininc by diazo- reaction (>fiddola, C. J. 47, 
513). Silvery scales (from dihile alcohol). 

Tj-Di-bronio-uaphthalene C,,|lI,Br. [1 :j*]. [77°]. 
Formed, togetlier witli the i.-.oii-criile ], by 
Irominating naph'iialeno (a)-‘ii)piu)iiic acid 
(UannsLiidter a. Wichelliau.s, J. J52, 301). 

( 8 )-Di-bronio-naphthaJcne Cnjll.Br.^ [1:4]. 
! [82-'j. (310’). S. (93*5 per cent, ul'-oliol) 1*33 
, at 11*4° ; 6 at 56° (Guave..elii, A. 222. 269). 

I Formation.- 1. Tiie chi-.-f pruiiuct of the 
! action of bromine (2 mols.) on nuplfthalene 
(Gia.ser, ^l. 135, 40).—2. By distilling (c;)-bromO- 
najihlhalenc suliih .iiic acid or ni}io-(a)-bromo- 
iiajihthalenc [85 j 'vith ^i>r, (Jolm, JH. [2] 28, 
511). - 3. From aci tyl-(tt)-iuiplilliylamiiie bybro- 
minating, saponifying, and treating t'le njsulting 
C,.,UBr(NU.J by the dia/.o-icaction (McddolA; 
a. jUi, 4). 

J^ropcrlics.—JiOnt; needles. Oxidised bj 
UNO:, to di-bromo-phtliulic and broino-nitrO’ 
idithalic acids and bromo-nitro-naplithaleue 
CrOj in acetic acid gives di-bromo naphtho 
I quinone and di-broino-phthalide. Reacts will 
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Br forming C„H,Br, [173®] (Gnareschi, G. 16, 
141). 

Constitution. —This follows from the oxida¬ 
tion to di-bromo-phthalic acid, coupled with the 
observation that the bromo-(o)-naphthylamine 
from which it may be formed (v. supra) gives 
(a)-bromo-naphthalone by the diaso- reaction. 

(7) Di-bromo-naphthaleno 
C,„H„Brj [1:1'or4']. [131® cor.]. (326®). S. 

(93-5 p.c. alcohol) 2 at 66°. ^ • 

FormalUm. — 1. By brommating naphthalono 
(G.; Magatti, G. 11, 357). —2. From diazo- 
bromo-naphthalenc (from bromo-naphthylamine 
[64°]) by adding hroinino-water and warming the 
pp. with HOAt:.— 3. 'fhe chief product of tlie 
action of Br on naphthalene (a).sulphonic acid 
(Barmstadter a. Wioholhaus, A. 1.62,303).— 4. By 
the action of PBr^ on (a)-di.nitro iiaphthalene 
or bromo-naphthalcne (a)-sulphonic acid (.1.). 

IVoper/tcs. - Tables. UNO,, gives bromo- 
nitro-phthalic acid. CrO, in HO Ac gives breiao- 
phthalic acid ri70 ’]. Does not form a tetra- 
bromide with Br. 

5-Di-bromo-naphthalene C,„n,jBr-. [141°]. 
Fiom naphthalono (a)-3ulphouio acid and I’Brj 
(J.). Thin plates. 

«-Di-brorao-naphthslene C,„HsBr.;. [160°]. 
From (a)-bromo-naphthalene sulphonio acid and 
I’Br, (J.). 

Di-bromo-naphthalene tetra-chloride 
O.iiTtiBrjCi,. [156°]. From di - brominalcd 
naphthalene (? [82°]) and Cl (Baurent). 

Di-bromo-naphthalene tetra-bromide 
C„|ll„lir„. A mixture of three bodies of this 
composition, [c. 100°] [120°] and [173°] is formed 
from naphthalene and Br (G.). 

Tri-bromo-naphthalene C,„HjBr3. [75°]. 
Forjiicd by brominating naphthalene, or by heat¬ 
ing di-broino-naplithaicno tetra-broinido with 
alcoholic KOIl (Laurent, A. Ch. [2) 5‘J, 196; 
Glaser, A. 135, 4il). Needles (from alcohol), 

Tri-bromo-naphlhalene G|„{l,Brl [1:4:1']. 
[85°]. From di-bromo-nitro-naphthalcno [117°] 
and I’Br, (.John). Needles. 

Tri-bromo-naphthalene C|„II,Br, [87°]. 
From di-bromo napl^thalene (8)-.sulphonio acid 
and I’Br,, (J.). Needles. 

Tri-bromo-naphthalene C,„l£,Br3 [l:3:l'or4']. 
[105°]. From (3,1' or 4', l)-di bromo-naphthyl- 
iiuii,.,. by dhtzo- reaction (Meldola, C, J. 

47,51^. 

Tri-bromo-^htbaleno CiJI^Bf, [l:3:2'or3']. 
[110°]. F’rom (1,2' or 3', 3)-di-bromo-naphtiiyl- 
ainiiie by the diazo- reaction. Needles (from 
alcohol) (Meldola, C. J. 47, 513). 

Tri-bromo-naphthalene - C,„n,Brj [1:2:4]. 
[114 ], From C,aH,(NH ’Br2 [1:2:4] by diazo¬ 
reaction (Meldola, C. J. 43, 4). Fomred also by 
heating C|„H3(NHj)(NO,)Br [1:2:4] with cone. 
HBrAq and glacial IflOAe at 130° (Pr.agcr, B. 
18, 2163). White noodles (from dilute C.^lljOJ. 
Dilute HNO, at 180° gives phthalic acid. 

Tetra-bromo-naphthalene C,„H,Br, [1:4:2’:3']. 
[175°]. S. (95 p.c. alcohol) '5 at 78°. From 
di-bromo-naphthalene tetrabromide [173°] and 
NaOFt (Guaresehi, G. 16,141). Needles (from 
alcohol) or plates (by sublimation). CrO, in 
HOAc gives di-bromo-phthalide [188°] and 
.talra-bromo-(a)-uaphtho<iuinonc [224°]. 


[ Tetra-bromo-naphthalene C„H,Br,. [120°] 
From di-bromo-naphthalene tetrabromide [100^ 
and NaOEt (Gu.). Needles (from alcohol). 

Tetra-bromo-naphthalene tetra-bromide 
C,on,Br,. [173°]. From(l,4)-di-bromo-n8phthal- 
ene and Br (Gu.). 

Penta-bromo-naphthalene C,„IIjBr,. From 
C,„H,Br| and Br at 150° (Glaser). Granules, 
insol. alcohol. 

Hexa-bromo-naphthalene 0,JI.Br,. [252°]. 

From naphthalene, Br, and I at 400° (Gessner, 

B. 9, 1505). Also from naphthalene (20 g.), 
AhCl„ (15 g.) and Br (300 g.) (Bou.x, Bl. [2] 45, 
515). Noodles; easily sublimed. Does not 
combine with jneric acid. 

BEOMO-NAPHTHALENE Dl-CARBOXYLIC 
ACID CijIIjiirO, i.c. C„H,Br(CO.,Il),.. [210°]. 
From bromo-acenaphthene and OrOj (Blumen- 
tbal, B. 7,1095). Needles (from benzene). Con¬ 
verted by Nil, into the imido C|„H,Br(C0).3NH 
[above 265°]. 

BEOMO-NAPHTHALEN E - (6) - STTLPHINIC 
ACID C|,ll,BrSO.JT. From naphthalene (8)- 
sulphinie acid ami Br [Gessner, II. 9, 1503). 

(a).BEOMO-NAPHTHALENE SULPHONIC 
ACID 0,„n„Br{SO,IT)[l:4]. [139°]. Formed by 
sulphonating (a).broino-nairhthalenc (Laurent, 
Compt. chim, 1849, 392 ; Barmstadter a. 
Wichclhaus, A. 152, 303; Otto, A. 147, 184). 
Flat needlc.s. Oxidised by KMnO, to phthalic 
acid (Meldola, B. 12, 1964). Potash-fusion 
gives no bromo-naphthol (M.). Br gives chiefly 
CinMsBrj [82°]. — CaA'j 3aq. — BaA'., 2aq. — 
I’bA',3 l.inq. 

CAforids C,„lI,Br(SO,3Cl). [87°]. (Jolin,7H. 
28,516). In its preparation there is also formed 

C, „H„CI(S(U!r) [116 ] (Gessner, B. 9, 1504). 

Bromide 0,„H„Br(SU.Br) [11.5°] (J.). 
-4wideC,„H,Br(SO.,Nry [1!10°] (J.); [195 ’] 

Bromo-naphthalene (a)-sulphonic acid 
C,„’',.Br(SO.|lf). [104°]. Formed by bromina¬ 
ting naphthalene (o)-sulplmnio acid (1). a. W.). 
I’Br, gives di-bromo naphthalono [131°]. —KA'. 
Chloride C,„lt„Br(S0.01) [90'] (.1.). 
Amide C,„U„Br(.SO.,NrL) [205°] (.1.). 
Bromo-uaphthalene (8)-salphozuc acid 
®]oH„lir(>SO;|II). [62°]. Formed by brominating 
naphtlialcne (8)-sulphonio acid (D. a. W.). 
Crystalline mass, sol. ctber (difference from tire 
two preceding acids).— KA’. 

Bromo-naphthalene sulphouic acid 
C,„II„Br(SO;,H). Formed in small quantity in 
prej>aririg its isoraerido [139°] by snlplionating 
(a)-bromo-napbtlialeue with HjSO, or 0180,11 
(Armstrong a. Williamson, C. J. Croc. 1, 234). 
Chloride C|„H,lirSO,Cl [161 ]. 
Di-bromo-napkthalene (8)-salphonic acid 

Formed by brominating naph¬ 
thalene (8)-atilphonio acid (J.). Crystalline. 
I’Br., gives tri-brpino-naphthaleno [87°]. 
Chloride C,„H,Br.,(SO..C]) [109°]. 

Amide C„H,Br,(S6.,Nli.,) [238°]. 
Di-bromo-naphthalene suiphonlc acid 
OioH^Br.^lSOjII). Got by snlplionating di- 
bromo-naplitbalene (Laurent, A. 72,299).—KA'. 
-BaA'... 

B-dOMO-NAPHTHALIC ACID v. BnoMo-o«. 

(a)-N.U'HTnoQOiNONn. 

BEOMO.(a).NAPHTHOIC ACID 
Cj.HjBrOj i.e. C„H.Br.CO,H [1:4'J. [246°] (Ek- 
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•trand, D, 19» 1135). Produced from its nitrile 
or by brominating (a)-naphtholc acid (Hausa- 
mann^ B. 9, 1516). White needles (by subli¬ 
mation).—KA' .Uq.—CaA'.. 1 Uq. S. 1*5 at 20®.— 
BaA'..3a(j. S. 1*7 at ‘2r\-AK.V. 

Aviide C,oU,Br.CONH/. [211®]; Hat iumh11(‘s. 
Nitrile C,„H,;ilr.CN. [147®]. From (a), 
naphthonitrile in GS. and Br. 

Bromo.(/3)-naphth.oic acid C,uH.iBr.C().lI. 
[250®]. From (3)‘naphthoic acid and Br(l[.). 
Needles (by sublimation). KA'2‘,a(i. ■ CaA'.,6atj. 
S. -02 at 20®. - Ba/V, Ui{. S. -02:1 at 

Nitrile C,„U„15r.CN : [MO 'h dat iiecdlcs. 
Tii.bromo-(/i)-iiaphthoic acid C„JI,Br;,.00.11. 
[270®]. From ((8)-naplitlioie acid (I mol.), Br 
(3 mols.), and I at 350®. Needles (by sublima¬ 
tion). BaV, (IL). 

Totra-bromo. (a) -naphthoic a "id 
0,oHjBr,.COii. [239®]. From (a).naplitlH)ic 
acid (1 mol.) and Br (4^ mols.) at 350' (U.). 
Oranules (from alcohol) or needles (by sublima¬ 
tion).—BaA^. 

Tetra-brom 0 - (/I) -naphthoic acid 
C,„H;,Br,.CO.dI. [260®]. Preparation and proper¬ 
ties similar to those of the preceding acid (II.). 

BROMu • (a) -N APHTHOL. E Iky I ether 
C,^H,db'(()l'jt). [18®]. From ethyl bromoda)- 

naph'tliol and Br (MarclietU, C. N, 40, 87). 
Prisms, v. sol. ether. 

Bromo-((3)-naphthol C,„H,Ih(OIT) 1.3:21 ?. 
[84°]. Prepanul l)y adding Br in glacial aeelic 
acid slowly to naplithol in glacial aet.-tie acid 
(A. J. Smith, O. J. 35, 789). Needles. Sol. 
alcohol, ether, liglit petroleum and benzene. At 
130® it begins to decompose, giving olT IIBr. 
Oxidised by alkalim3 KMiiO^ to pltlhalie aehl. 
PBi’a gives (li-hromo-naphtlialcne [68 j and (/J)- 
bromo-naphthaleno (Ganzoncri, 6'. 12, 421). 

Acetyl iterivative C,uH,jBr(OAe). (215^) 
at 20 min. (C.). 

NitrosO‘ derivative C,ulI.(NO)l>r(OU). 
[65°]: green needles. 

Di-bromo-(a)-naphthol C,„n,Br.dOII) [1:3:4]. 
[106®] (Fittig, .1, 227, 241). Formed by bromi- 
nating (a)-na])hthol in IlO.Vc (Hicidermann, B, 0, 
1110 ) and in small (piaiility from di-bromo-(a)- 
naphthylamine by thedla/.o- reaction (Afebiola, 
G. J. 45, 161). Long needles (from alcohol). 
Powerful oxiflising agent. 

IlmclioiLs. -1. KMnO, gives phthallc acid. — 

2. Alcoholic KOH gives tri-oxy-naplitlialene. - 

3. Combines w'itli aniline forming a white crys¬ 
talline salt. If this is heated for 10 miimli^s 
at 200®, and then allowed to cool, ctyst^ils of 

C,„H^{NPhn)<]^^^ or (B)-naphthoquinone di- 

anilido (q. n.) arc j;ot (Meldola, G. J. 45, 156).— 

4. p-Toluidine forms the corresponding (O)-naph- 
thoquiiiono di-toliiide (^.n.).—5. 

amine forms the corresj)onding (/3)-naplitho- 
quinone di-n.aphthalide {q.v.). 

Tetra-bromo.(/3).ii.Tphtholu,oH3Br40H.[15G’].^ 
Prepared by adtling excess of bromine io (0)- 
naphthol dissolved in glacial acetic acid (.\, j. 
Smith, C. J. 35, 791). While needles (from 
glacial acetic acid). Sol. CS,.. benzene and 
alkalis. Oxidised by KMnO, andKOU to bromo- 
phthalio aci«l (anhydride [125°]). Hence it is 
CJIBr,(C.HJ3r01I). 

Penta-bromo-(a)-naphthol G,„H,{BrvOH 
P:4:l':3':4':l]. [239°]. Formed by bromination 


of (a).naphthol in presence of Al-Br^. Slender 
felted needles. SI. sol. benzene, xylene, and cu¬ 
mene, nearly iusoh alcohol and ether. Dissolves 
in alkalis. By dilute UNO;, at 100® it is oxidised 
to tetra-bromo.(a)-naphthoquinone [265®] ; at 
150® it is oxidised to di-bromo-jihlhullc acid 
[206 ’]. — C,„lLIjr ..ONa: long osmily soluble 
ne. dlts. - (;|„l[,lh*,.UK: small colourh- s noedicn 
(Blumlein, 7L17, 2185). 

?cuta - bromo - (ifi)- uaphthol 0,„11 ,l>r. (Oil). 
[237®J. Formed by'bromination of {/i)-naplitbol 
in presence of AlBr,,. White needle>. Insol. 
alcohol, si. sol. l)«-nzeue. It i:'. oxi<lised by UNO, 
to lo:i-.i-bromo-(B).nuphlhoquinouo: on further 
oxidation it yields tri-bromo iddbnlie acid 
G,„ll.Br (ONa); long whuc silkv medics (I'lessa, 
IJ, 17', 1179). 

Bromo-t 8 ) naphthol (a)- 8 ulphonic acid 
C,.,n,Br(On)SU,ll. L 3 : 2 ;IJ? 

Salts.-—Formed l^y adding the calcuhiled 
qiiaiitily of bromine to saturated solutions of 
tlio salts of (fl)-naphtliol (a)- 8 ulplK)nio acid 
(Armstrong a. (Irabain, C, J. 39, 137).-KA'. 

S. *1 at 15®. Boiling llNOa forms pbtluilie acid. 
—CaA\, .ruq. 

BR6MO-(u).NAPHTHOaUIN0NE 

Anilide G,„U,Br(NlIC.,H.)0,. [160°]. 

Formed by the action of aniline on bromo-oxy- 
(tt)-naplithoquinonc [197'd i*^ acetic acid solution, 
lied prisms. Sol. hot alcohol and hot acetic 
acid. By cold aqueous NaOIi it is split up into 
its eonstitueiits (Baltzcr, Ji, 14, 1902). 

An isomeric anilide 0,j,lI,Bi(NPblI)0, 
[2;3:1:1J [194®] is formed by boiling ili l)roino. 
(a)-naphlhoquinono [218 ’] with analeoliolic soln. 
tion of aniline. It is converted by KOII into 
bromo-<»Ny-(a)-naphthoquinoncl 2 U 2 '] (Miller, lit. 
[2] 43. 125). 

})■ fir 0 mo-anilide C,JI,Br(NIIG,.II,Br)CV 
[210 ]. Prepared by bromination of (u)-naphtho- 
quiiiono-anilidc, or by boiling a mixture of }>• 
bromo-anilin and bromo-oxy (a)-naphtho<iuin- 
one with acetic acid. Bed needles. Sol. benzene, 
si. sol. alcohol. By alcoholic IT.BO^it is decom¬ 
posed into l)romo-oxy-(«).naphtlioqmnone andj;- 
bromo-aailine (Baltzer, B. 14,1901). 

Broiao-(B)-naphthoqumoiio 

[178® j. Obtained by bromination of (B)-naphtho- 
quinonn in acetic acid. Bed needles or prismatic 
crystals. M. sol. warm alcohol, benze»''\ ond 
acetic a«d. Subhmablo. Dissolves in dilute 
caustic alkalis with a brownish red colour, form¬ 
ing bromo - oxy - (a)-naphthoquinoDO [196°J 
(/.iiicko, B. 19, 2495). 

Di-bromo - (a)- naphtLoquinono CiJI^BraO/. 
[151°]. S. (alcohol)'98 at 13 ’’. Fonmal by the 
action of Br (7 pts.) and I (2 pts.) on (aj- 
naplithol (1 1 'l.) ill presence of water (Diehl a. 
Merz, B. 11, 1065). Yellow needles; may b^ 
Bubliinod. Alkalis froi* HBr and bromo-oxy- 
naphthoquinone. 

Di - bromo - naphthoquinone 
[171®-173®] [1:4:1';4'J? S. (95 p.c. alcohol) *34 
at 16®. From di-bromo-napht!ialeiie [82® |, 
CrOj and glacial acetic acid (Guaveschi, A, 222, 
279). Yellow needles (from alcoiiol). Inwd. 
water. Cannot be sublimed. Volatile with 
steam. CrO, does not oxidise it to di-bromo- 
phthalide. 
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Di-bromo-(/5)-naplitlii)qiiinoiie C.oH^BraO, 
(1:2:8;4]. [174®]. Obtained by the action of 

bromine upon bromo-(3)*naphthoquinone in hot 
acetic acid, or better upon (o)-ami(lo-(^)-naplithol 
or its sulphate. Thick red plates or tables. SI. 
8ol. alcohol and ether (55ineke, Jh 11), 211)C). 

Di-bromo-naphthoquinoneO,uU,I>r„().» [218®]. 
From (a) naphtliO(|uinone, Br, and I (Miller, Bl. 
[2] 38,138). Prisms. Converted by KOII into 
bronio-oxy-naphthoquinone,r200®]. * 

Anilide [11)4°]. 

Tetra-bronio-(a).iiapbthoquinoiie CjoTOrp.. 
(205®]. Yellowplates. SI. sol. alcohol. Formed 
by oxidatioTi of pcnta*broino-(a)-n;iphthol with 
dilute UNO., Tit 100®.^ By further oxi»lation at 
150® it yields di-bromo-phthalic acid [20G®J 
(Plumloin, Ji. 17, 2188). 

Tetra-bromo-fa]-nnpl.thoquinone C,oIL13r,0^. 
[r:4':2:3:l:l]. (22i®]. Formedbyoxidisingtotra- 
bromo • naphthalene [173°]. ()ranf»e - yellow 
prisms, v. sol. hot water (Guareschi, (/. 10, 111)). 

Tetra-bromo*(j3)-uaphthoquinwne C,oUJ5r,().M 
[164®]. Ked granular crystals. Si. sol. alcohof. 

Formed hy oxidation of penta-broino-(i8)*naj>hthol 

with dilute IINOj. By further oxidation it is 
converted into tri-bromo-ijhlhalic acid (Flessa, 
B. 17, 1481). 

BROMO-NAPHTHOSTYRIL v. Inner anhy- 
drid.e of Biuimo-.\mii>o nahitiioic acid. 

DI-BROMO-(aa)-DINAPHTHYL 
[215®]. Fiom di-naplithyl and hroniino-viipour 
(Lossen, .-1. 114, 77). Monoclinie prisms ; v. si. 
sol. alcohol. 

Hexa-br>'mo-(aa)-diaaphthylC2„HsBra. K< sin. 

Hei)ta-broaio-(/B/i)-dinaphthyl C.^H-Brj. 
Amoi'iihoiis (Smith a. PoyntinK, C. X 27, 851). 

BKOMO-NAPKTHYLAMINE C,„II,Br(>iH.). 
By reduction of bromo-nitro-naphthaletu* [Ho-’J 
of John, itself got from (a)-bromo-iiaphtlialeno 
by nitration. An oil. May be distilled with 
steam. Fe.^CI,. gives a violet colour in its aqueous 
solution. Ib'dueefl AgNO^ [Gua^jeschi, A. 222. 
299). P( ssibly identical with Itothei^.? (1, 4}- 
bromo-naphtliylamine [94®]. 

»n.Bromo-(a)-naphthylamine C,oH^Br(X f f J 
[3:1]. [62°J. From the nitro- compound, zinc- 
dust, and HOAo (Mcldola, C. 47, 509). Needles 
(from dilute alcohol). 

Acetyl derivative C,oU,(Br(NHAc) [187®]: 
needles. 

_ o.B romo.{'BVn»athylainine C,oH,i(Br)NH2 
[hij.^jeO®]. Got by saponilication of tlic acetyl 
derivative obtlynod by bYorninaKon of acetyl 
(j8)-naplitliylam'no [131°J. Small white needles. 
Volatile with steam. It is a neutral body. Dilute 
HNO, gives phtitalic^acid (Meldola, C. J. 43, 0). 
When Nil. is displaced by 11 (a)-bromo-naph- 
thalcne results (M.). 

Acetyl derivative C,oHJlr.NII(Ac) 
[135®]. Needles (Cosiner, B. 14,59). 

Bromo.(a)-naphtbvlamino C,nII«Br(Nn...). 
[Itl'ord']. [64®J. Vrom bromo-nitro-najih- 
tbalene[122-6®] (Guareschi,^.222,297). Volatile 
with steam. Plates (from boiling water). May 
be sublimed. KMnO, forms c-bromo-phthalic 
acid [165® .172®].—BllCl. 

m-Bromo-OVnaphthylainiiie C,„TI„Br(NIl2) 
[1:3]. [72®]. From Liebermann’s broino-nitro- 
tiai.)hthatenG by reduction (IVIeldoIa, C. J. 47, 
509). Converted into (1, 3)-di-bromo-uap]it}ial- 
6ne by the diazo- reaction. 


Acetyl derivative C|oH4Br(KHAG)k 
[187®]: needles. 

2 ) -Bromo-(a>naphthyiamlne G,oH^Br(NH 2 ) 
[1:4], [94®]. From its acetyl derivative and 
KOH (Bother, B. 4, 850; Meldola, B. 12,1961). 
Needles. On oxidation it gives plithalio acid. 
By diazo- reaction it gives (a)-bromo-naphtha- 
lene. Br gives di-bromo-naphthylamino [119®]* 

Acetyl C,JI.Br.NHAo. [192®]. 

Prepared by slowly adding HCl to a solution of 
bromine in NaOH in wliich is suspended acetyl- 
(a)-naphthylamine. White needles (Prager, jB. 
18, 21.59). 

Di-bromo-(a)-naphthylamine Cj„TT.Br2(NIl2) 
[3:2'or3':l]? [102 J. From its acetyl deriva¬ 

tive. Needles ; sol. boiling dilute acids. Re¬ 
moval of NTI2 gives di-bromo-naphthalene 
[74°J (? ll;l'j). 

Acetyl derivative Cj„TI Br._,(NITAc) 
221®]. From aectyl-(3, l)-bronio-napUtliyIamino 
and Br (INIeldala, C. J. 47, 514). 

Di-bromo-(tt)-naphthylamine 
C,JIaBr,(NH,) [P:3:l]. [105®]. From its acetyl 
derivative. Needles. O.xidisnd by dilute UNO, 
to c-broiiio-phlliulic acid [174®]. Converted into 
di-bromo-iuipbtluileuo [74®] by diazo- reaction. 

A cetyl derivative C,oU,BriNllAo). 
[222®]. From bromo-naphthylamino [62-’] by 
acetylation and bromiiiatiun (Meldola, 0. J. 47, 
512 ; 0. J. Broc. 1, 173). 

Di bromo-(a)-naphthylamine 
C,jrBr,(N(r,) [1:3:4]. [119°]. From the acetyl 
derivative by hot aqueous KOII. Needles; 
does not combine with acids. Gxidation gives 
I>hthalic acid; the diazo- reaction gives (1,3)- 
di-bromo-naphthalcne. 

.1 ccijil derivative C,„H,Br._,(NJIAc)« 
[225 ’]• Formed by bromiiiation of aontyl-(a)- 
naphthyl.imine (Meldola., B. 12, 1961). 

I»i-bromo-()':l)-naphthylamine C,„II..Br.2(NH.2) 
[121®]. Long colourless needles. Formed by 
tluo action of bromine in acetic acid solution 
upon (3)'TUiplinia1ouo-azo-(8) naphtliylaminc. 

Acetyl derivative'. (208®] (Ijuwsou, B, 
18,2121). 

Tetra-bromo-naphtliylamine 

Acetyl derivative C,„n,Br,NllAc. [138®], 
Formed by brominating ae( tyl-(l,2)-ln<>mo-(8)- 
naphtliylaniine in acetic acid solution (Middola, 
C. J. 43, 8). Minute needles (from alcohol). 
Could not bo saponilicii. 

BROMO-NAPHIHALENE-BIAMINE. 

Acetyl derivative C|„lI_^Br(NIL.)(NHAc) 
,[2:4:1] [c. 222®]. From bromo-uitro-acetnaph- 
thalide. Is not basic (Meldola, C. J. 47, 499). 

Di-bromo-(l: l'orl')-naphthylene-diamiiie 
C,„H,Br(NIL).^. From naphthyleno-diamino 
hydrochloride (fiom (a)-di - nitro - na])h thalene) 
and bromine-water (Hollenuinn, Z. 18(>5, 556). 

3) I.BR0M’0.(a).DINAPHTHYLEN£-OXIDE 
C,„ll,oTir,0. [287®]. Light-yellow crystals. SI, 
sol. benzene ana acetic aci(l. Picparod by the 
action of Br on a CS.^ solution of (a)-dinaphthyl- 
eno-oxide (Knecht a. Urizeitig, B. 13,1725). 

Di-broxno-(/l)-dinaplithylcne-oxid6 
GjoBioBrjO. [247®]. Yellow needles. Prepared 
by the action of bromine on a CS^ solution cf 
(i8)-dinaphthylene-oxide (K. a. IT.). 

DI-BROMO-DI-NAPHTHYL-M ETHANE 
CjjoIIjiBrj. [193®]. Prom di-naphlhyl-methaue 
anu Br (Grabewski, B. 7, 1006). Needles (from 
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fldeohol'benzene) \ not affected by boiling alco- 

4)olio KOH. 

BEOMO-NICOTINE v, Niootinr. 

BBOHO^^KlTRO-dCBTOPHEHONE 

<3,H.BrNO.,t.e. [2:1] C,H,{NO,).CO.CH3r. [56®]. 
By brominatiou of 0 ^ 114 (^ 0 . 2 ).CO.Mo (Oovckoht, 
A, 221, 627). Needles (from benzoline). 

Bromo-m-nitro-acetophenone 
|; 8 : 110 «H 4 (NO.,).CO.CH..Br. Nitro-phcnyl bromo. 
methyl ketone. [Ob'^J. Formed by nitratiii;' 
fbromo - acetophenone. Needles (from iUlute 
alcohol); v. s). sol. ether. 0 \idati(ni ^ives m- 
nitro-benzoio acid (Hnnnius, 13. 30, 2008). 

Di-bromo-o-nitro-acetophenone 
‘C,H,(NO.,).CO.CllHr... [ 86 -']. Prepared like tho 
above (O.). Attacks the eyes. Prisms (from 
benzoline). 

{y-Di-bromo-m-nitro-acetophonone 
€.H,(NO..).CO.ClT15r,,. m-Nilro-phenyl dUn'omo- 
methyl keUme.. [59®]. Formed by careful nitra- j 
tion of w-di-bromo-acetophonone ; or by further 
bromination of « bromo-7n-nitro-acetf)phenone. 
Yellowish tables. V. sol. most solvents (Engler 
a. Hassenkamp, B. 18, 2210). 

BROMO-NITRO-f;-AMIDO-BENZOIC ACID 
C,H,nr(N 0 ,,)(NlUC 0 . 2 TI [1:2?:1:5]. [272^. 

Kormed by treating nitro-isatoic acid at lOO® 
with bromine dissolved in glacial acetic acid 
(Oorsch, [2] 66 , 40). Long yellow nee<lleH. 
Sol. hot water, acetone, alcohol, glacial acetic 
acid and ether. Insol. clilorofonti and l)crizon{*. 

Di-bromo-nitro-o-amido-benzoic acid 
C,Hi 3 r 2 (NO,){NIUCO.,TT. [c. 206"i. From nitro- 
isatoic acid and bromine in glacial acetic aeid 
at 100® (T>.). Plates. Sol. aectone, alcohol and 
glacial acetic acid, less sol. b<m/cno, chloroform, 
and ether, iiisol. water. 

Tri-bromo nitro-o-amido-benzoic acid 
€aBr 3 (NOJ (N H.^) (C(.)..1I). [190®]. From n itro- 
isatoic acid and bromine (D.). Needles (pi)d. by 
adding water to its solution in acetone). V. sol, 
acetone, alcoliol,ether, glacial aceticacid.cV’oro- 
iorm and benzene. 

(6:o:4:l) - BKOMO-NITRO-AMIDO-PHENYL- 
ACETIC ACID C,H..(lir)(N 02 ){Nil,).CIL.COJf 
[6:5:4:!]. [192®]. Prepared by sa})oniAeation of 
the acetyl ilorivativo of {6:5:4:l)-broin(>-nitro- 
amklo-benzyl cyanide (Gabriel, B. 15, P.M.)1). 
Ijong yellow needles. Sol. hot alcohol, ether ami 
acetic acid, si, sol. cold water, IxMizcne, and 
ciiloroform. 

Nitrile 

C,H,(Br)(NO,,)(NIL).CII,CN [3:5:4:11. Bromo- 
nitro-amido-hcnzyl cyanide. Acetyl derlralive,'. 
[101°]. Formed by nitration of t*.jc ucetyl derU 
vativo of (6:4:1) bromo-umido-ph(>nyl-acido- 


Fortnatioiu — 1 . From nitro-p-di-bromo-benz* 
ene and alcoholic NH 3 at 165® (K.; Meyer a. 
Wurster, A. 171, 59).—2. By nitrating j 9 -bromo 
aniline in glacial HOAc (Iliibner, A. 209, 357)* 

B. By the action of alcoholic Nil., on the methyl 
derivative of (l,6,4)-l)romo-nitro-phcnol. 

Propcrtic !^.—Grunge neodl(?s; may be sub¬ 
limed; searcoly basic. Converted by diazo-re¬ 
action into ni-brouio-nitro-bciizene [56 ’]. 

*Acetyl derivative C,.l 1 ,nr(NO._,)(NnAc). 
[106®]. F'ormed by nitrating ucidyl-p-bromo- 
aniline (II.). Ammonia and zific-dust reduce 
it to C,Il:,Br(NTIAc).N,,.C..]I;J’.r(NllAc) [282®] 
(Matthicssen a. MixUir, Am. 8 , 617). 

Benzoyl derivative C,;n,lh’(N()..)(NIIBz). 
[138®J. Formed by nitrating lM‘n/,nyl-p-bromo- 
iinilino or brominating ben/.o}l-(»-nilro-anilino 
(Mein(’ckc\ B. 8 , 5CI; Johnson, B. 10, 1710). 
Bromo-nitro-aniline 

C, TT,r.r(NO.,)(NlJ..) [1:2:4]. [162 ). Formed by 
nitration of ^)*l>rumaniliiio dissolved in 10 pts. 
of l[,.SO,. Flat plates. V. sol. alcohol, ether, 
acetic acid, and chloroform, v. sol. water. By 
further hromiiiat ion it yields tri-bromo-nitrani- 
lino [106 ’] (Nulling a. Collin, B. 17, 266). 

Bromo-nitro-aniline 

C..H,Br(NOJ(NTL) [1:1:5]. [151®]. Formed by 
the action of alcoholic Nil;, upon (l,5,l)-di- 
lirumo-iiitro-b(‘nzciie [62°] or on (l,4,5)-bromo- 
di-nitro-ljcnzDie [56’j (K.; Wurster, /?. 6 , 15-42). 
Grange rieedh'S. Gives by diazo- r(?aetioii p-bromo- 
iiitro-i)onzeno. Is not basic. Gihil.e ilNG, (S.G. 
1*38) slowly forms bromo-ili-nilro-phenol [81®]. 
Bromo-di-nitro-aniline 

C II,Br(N(),),(NU,) [1:6:5:61. [15r](rj.); [144®] 
(K.).* Formed by brominating di-nitru-anilinc’ 
(K.), or by In.^iting iU-nilro-metliyl-aniline with 
llOAc and Br (Ijeyinann, B, 15, 1264). Yellow 
needles. Converted by boiling KOII into bromo* 
di-nitro-pheiiol [118 

Bromo-di*nitro-anilinB C,lI^Bi(N(.)_.)^(Nn.J. 
From di-bromo-di-nitro hen/.ene [lOD®] 
and alt .hoi ic NH,, at 100' (Austen, B. 9. 919). 
Grange scales. 

Bromo-(li-nitro-aniline C..II.i*r(NOJ.^{NTI.J. 
[178’]. From di-hroino-di-iiilro-htmzeno [117®] 
and alcoholic NH;, (K.). 

Bromo-di-nitro-aniline. Tienzoy I deri¬ 
vative C«lLBr(NG,),(NUBz) [1:6:5:1|. [221.®]. 

Small needles; formed by nitrating benzoyl 
brumo-nitro-aniline C.;H,B. (\0.^)(NJlBz) [1:6 4], 
or benzoyl di-brotrio-aniline (.lohnson, B. 10, 
1710). ‘ . 

Brorao-di-nitro-aniline. Benzoyl deri¬ 
vative C,lLBr(N'0,),(NnBz). [196®]. Formed 
by nitrating henzoyl-p-bromo-aniline (M< inecke, 


nitrile (Gabriel, B. 15, 1992). Slender yellow ! B. 8 , 561), is ijrobably 1 lentical with the pre 


needles, sol. alcohol and acetic acid, si. sol. cold 
water, v. si. sol. etlier and CS... ^ 

BROMO-NITEO -ANILINE 
C.H.Br(NO..)(NII,) [1:3:0]. [101°]. Foi-niecl by 
beating C,lI,Br..(NO.) [59” with nlcoholio 
NH, at 190° (Koincr, G. i, .371). tfollow 
needles ; gives m-brorao-nitro-bcn/.cne by diiizo- 
leaotion. Br forms di-bromo-^i-nitro-iuiilino 
.f203°7. 

Bemoyl derivative C,iH,I5.'(NO.,)(NHBz). 
[160°]. From benzoyl.;)-iiitro-anilino and Br 
(Johnson, 75. 10, 1709). 

Bromo-TUtro-aiiUineO,H,Br(NO..)(NH.J[l:3;l]. 
[111’]. S. -014 at 20°: S. (alcohol) 10'4. 


coding. 

Di-bromo nitro-aniline C„lI..Br ,(NO.,)(NH.j). 
[75°]. From di brmu i-di-nitro-benzcne [159°] an.l 
alooUolio Nil, at Ino ’ (.\nstcn, B. 9, 622). Bed 
needles. ^ 

Dl-bromo-o nitro-aniline C H Brj(NO.,)(Nn.) 
[1:3:5;(>]. [127°] (llctitsclnd, /. pr. [2] 34, 426). 

Formation.—1. By broiniiialing o-nitro-ani- 
lino or (l, 3 , 4 ).brmuo-nitro-auilinn. —2. By the 
action of alcoiioUc NH, on (l,3,4,5)4ri-broino- 
nitro-benzone or the methyl ether of (1,3,6, 6 )-di. 
bromo-nitro-pheuol (K.). 

Properties .—Orange needles. 

Acetyl derivative C,HjUr„(NOJ(NUAo). 
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[209^. From acet 7 l>di-bromo-aniHne by nitra* ! aablimable. On reduction it gives (a)-diamt<lo- 
tion. Needles, v, sol. alkalis (Remmors, JB. anthraiiuinoue (Claus a. Hortel, B. 14,981). 

7,848). p BR0Ml.O'KIXR0.B£NZALD0XIU 

Benzoyl derivativeC,lIJir.,{m,){^Enz) | C,H,NABi-i.c. [2:4:1] CA(NO,)(Br)(CH:NOH) 
[1:3:5:6] ? [195’’]. Formed by brominatliig ' [158®]. Prepared by heating o-nitro>p-diazo* 
benzoyl-o-nitro-anilino (Johnson, B. 10, 1710). ’ benzaldoxim with IIBr (Gabriel a. Meyer, B, 
Yellow noodles. | 14, 827). Fine needles. Bol. alcohol, ether, 

])i-bromo-/)*nitro-aniliiLe 0 ,in,Br..(NO.J(NH..) acetic acid, and liot benzene. 

[1:8:5:2]. [207^ (L.); [203®] (K.). ‘ ' | o-BROMO-NITBO-BENZENB C,TI,Br(NO,) 

Jforuuition. —1. By brominating p-nitro-Ani- [1:2]. Mol. w. 202. [4l°J (F. a. M.); [43®J (K.*), 
line or (l,.3,fi)-hromo-nitro-ainlino.—2. By the (201® i.V.). Formed, together with a much 
action of alcoholic NH., on tri-bromo-nitro-bcnz- larger quantity of the /J-isomorido, by nitrating 
one [112'^'] or the methyl ether of (l,3,r),2)-dU bromo-bon/.otic (Iliibnor a. Alsberg, ^1. 1.50, 310; 
bromu*nitro*|)honol (K.). — 3. From tri-bromo- Z. [2] 0, 309; Walker a. Ziiicko, B. 5, 111; 
aniline in llOAc by warming with cone. IINO 3 ' Fittig a. Mager, B. 7,1179). Yellow ilcedles, 
for a short time (Losaiiltsch, B. 15, 471). more sol. alcohol than thep-isomoridc. 

Properties .—Thin yellow needles. Bisplacn- j ltcaetions. ~l. SiiCF reduces it to o-bromo- 
mentof NIFl)yTIgivcstri-bromo-benzono[ll2']. aniline.—2. Alcoholic Nil,at 190^ gives o-nitro- 
Tri-bromo-nitro-aiiiliue C,,HBr.,(\'lOJ(NlP) ' aniline (W. a. Z.).—3. UNO, gives broino-di- 
fl:3:r):4;0]. [103®]. From 7 a-nitro-anilino and nitro-beuzeuo [72^]. -1. KO.N and alcohol at 
bromine-vapour (K.), or from (1, 2 ,4)-bronio-' 190® gives C,iU|Br.GN.—5. Heating with JiOHAq 
nitro-aniline and Br in HOAc (Nolting a. Collin, | gives o-bromo-phonul. 

B. 17, 200). Pale grconish-yeliow noodles in ! 7 rt-Bronio-nitro-benzene CyII^Br(NOJ [1:3]. 
fitollato groups; v. sol. alcohol. Converted by ' [50®]. (257® i.V.). 

diazo- reaction into (l,3,5,4)-tri-bromo-nitro- j Forni itum. ~-\. From ^a-nitro-aniline by the 
benzene. j diazo- reaction (Gricss, 1\ 1804 [3] 712).— 

Tri-bromo-nitro-anilme CaHBr 3 (NO.^)(NHJ . From (1, 3, 4)-bromo-nitr() aniline (Wurster, 
fl:3:.5:4:0]? |215°]. From its acetyl doriva-■ B. 0, 1513; 7, 410).—3. From nitry-bonzene 

tive (itommers, V?. 7, 351). Flat yellow needles; j (10 g.), Fo.CI,; (1 g.), bromino (L3g.)iu sealed 

si. sol. alcohol. This body luiglit be expected to tubei for 12 hours at 70® (Sohoufelen, .4. 231, 
be identical with the preceding. 105). The yield is 80 p.c. of tliu theoretical.— 

Acetyl derivative C,.HBr.,(NOJ(NIIAc). 4. By tho action of a hot solution of cuprous 

[232®]. From acutyl-(l,3,5,0)-tri-bromo-aniliuo bromide upon 7 rt-nitro-diazo-bcnzene sulphato 
(U.). Noodles. (from 7 n-nitraiiilhie) (Sandmey<;r, B. 18, 1495). 

C^nnr 3 (NOa)(NAc.j). Properties.—Yo\[o\y trimetric plates. Not 

Formed by nitrating di-acetyl-tri-bromo-anilino. attacko<l by KOIIAq or alooliolio Nil,. 

Tri-bromo-nitro-aniline C,UBr,(NC),,)(N[I.) p-Bromo-nitre benzene C H,Br(NOJ [1:4]. 
[1:2:3:5:6]. [101®]. From (l,2.4)-bromo-nitr6- [120®]. (250® i.V.). 

aniline [151®] and bromine vapour (K.), Lemon- B'ormation .—1. Tlio chief product obtained 

yellow needles (from alcohol). Converted by hy dissolving bromo-berizene in Cuming llNOa 
diazo- reaction into (l,2,3,5)-tri-bromo-nitro- | (Coupor, yl. 104, 22 <‘>). -c 2 . i^'roin 2 Miitro-aniUiie 
benzene [112®]. - 'by 'die diazo-reaction.—3. From bromo-nitro- 

BROMO-NITRO-ANTHBAQUInONS ; aniline [151®]. —4. From bromo-benzone 

C|,H,.(N()..)(Br)0._.. [261® uncor.J. Prepared by ni- plionic acid and ItNOj (Spiogelberg, ..1.197,257). 
trationofretra-bromo-anthracenc. Wliiteneedles. 5. Formed by Llie action of j)recipitatcd CuoO (1 
Sublimable. Sol. acetic acid, si. sol. alcohol, ' mol.)uponp-broiuo-diazo-ben/cncnitrito(lmol.) 
other, and cliloroform. On reduction it gives | obtained by n<hling slowly a solution of 15g. of 

amido-anthraqnirione(Clausa.IIcrtel, B. 14,980). : NaNO;, in 50 c.c. of water to a mixture of 17 g. of 

Bromo-di-nitro-anthraquiuone | p-brorno-anllinc, 20g. HNOj (1*4), and .50 c.c. of 

C, [213® uncor.]. Prepared by water. Thcyieldi3smaU(Sandmeycr,Ji.20,149()). 

nBration of tri broiifu-anthracone with ajnixture BropcrBcs. —Long white needles, si. sol. 

of finning UNO, and fuming ILSO^ Yellow IIOFt. 

needles. Sol. ^nzeno, chlbroforiA, and acetic Heactioyu, —1. lloscmblcs o-nltro-aniline in 

acid, m. sol. alcohol and ether (Claus a. Diurii- 1 and 2.—2. Alcoholic KCN at 190® 

follner, B. 14,1333). gives ?n-bromo-bonzonitrile (Uicliler, B. 4, 402). 

Di-bromo-nitro-anthraquinone 3. Br at 250® gives p-di-, /z-tri-, and s-tetra- 

C,,H,Br.^(NOo)0.^. [24n® uncor.]. Prepared by bromo-benzenes (Ador a. liilUet, </. 1870, 370). 
nitration of tctra-bromo-anthVaccno. Sublijnabte. Bromo-di-nitro-benzene G,.II,IJr{NO.,)y [1:3:4], 
Fine yellow needles. V. sol. hot acetic acid, [59®]. From ;p-bromo-nitro-beiizene, UNO., and 
less in alcohol and ether. On reduction with ILSO^ (Korner, J. 1875,332) Monoclinio plates 
sodium-amalgam it gives amido-anthraqiiinono. (from etiicr-ulcohol). Alcoholic NHj at 180® 
Di-bvomo dl-nitro-lntliraqulnoiio ' forms [1:4:3] [151®]. Boiling 

C, 4 n,Brj{(N(>.)A;* [239® uncor.]. Prepared by NaOWAq (H.G. 1*135) gives 0,iri,Br(NO.)(OIl) 
nitration of tetra-bromo-anthracene with a [1:4:3] andalittlcC..ll,Br(NOJ(OH) [1:3:4] (LaU- 
mixture of fuming IL^SO, and fuming HNO 3 . beiiheimcr, B. 11,1159). 

Needles. Sol. acetic acid, benzene and chloro- Bromo-di-iiitro-b 3 nzene 03 H 3 Br(NO .^)3 [1:2:4J* 
form, si. sol. alcohol and ether (C. a. D.). [72®]. From bromo-henzene, fuming HNO,,, and 

Tetra-bromo-di-ttitro-anthraquinon© H^SO^ in tlxe cold (Kokul 6 , A. 137,107; Spiegel- 

C, 4 H 2 (NO.J.Br A. [105®]. Prepared by nitra- berg, .<4. 197, 257). Large yellow prisms. Aloo- 
tion of dibromo anthracenc-tetrubromido. Sol. holic Nil., forms di-nitro-aniline. KOUAq forma 
tlcohol, ether, benzene, and acetic acid. Not di-niiro-phcnol [114®]. Sa and HCl gives i/;- 
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phenylentt-diamine (Zinoke a. Sintenis, B. 5,791). 
Crystallises with benzene as (0*HjBr(N02).;)a0^H, 

'^romo-dl.nitro-benzeaeCeH;,Br(NOa)a- [87°]. 
Di-bromo-di-nitro-benzene [158°] is treated with 
alcoholio NH^ at 100 ° and in the resulting 
C^Il 2 Br(NOJ.^(NH.J Jiydrogen is substituted for 
NHjj by the diazo- rcaetiou (Austen, B. 8,1183). 
Not allectcd by alcoholic Nil.,. 

Di-broino-nitro-benzene Cjl,Br.^(NOJ [1:2:1]. 
Mol. w. 281. [59°]. From o-di-bromo-benzone 
and HNOa (Kiese, A. 1(»1, 179). MoiiocUnic 
tables (Groth a. Bodewig, B. 7,15G3). May bo 
reduced to di-broino-anilitn; [80°]. 

Di-1)roxno-nitro-bonzou8 O^H;,Br.^{KO.^) [1:3:4]. 
[02°]. Formed by nitrating »t-di-bromo-bcnz- 
eno {Meyer a. Ntiibor, A. 105, 170). Triclinic 
prisms (by sublimation, G. a. B.); volatile with 
steam. Converted by alcoholic Nil., at 190° 
into (l,4,3)-bromo-nitro-atuliue. Iteduction 
gives (l,3,4)-di-bromO'aruIine. Alcoholic KCN 
at 250° gives the nitrile of di-bromo-bcnzoic 
acid [209°] (11.). 

Di-bromo nitro-benzene CaUaBr.^(NOJ [1:3:2]. 
[83°J. Separates from the alcoholic mother- 
liquors from which the preceding has cry:>tal- 
lised. Prisms or laminm. Alcoholic Nil., at 
100 ° gives nitro-w*phenylciio-diamino (Korner, 
0 , 4, 300). 

DL-bromo-nitro-benzene C„H 3 Br.^(NO.^) [1:1:5]. 
[85°]. From j)-dl-nitro-beiizcno by nitration 
(lUche a. Buraid, A. 133, 51). From wt-bromo- 
nitro-bonzene (14 g.), Br., (ll’2g.), and Fe_.CI„ 
(4g.) at 80° for 12 hours (Scheufelcn, ^4. 231, 
169). Yellowish-green tablets (from ether- 
alcohol). Alcoholic NHa at 210° gives (1,3,4)- 
bromo-niiro-uniline. Sn and IICI gives p-di- 
bromo-aniliiie [51°]. Alcoholic KON gives the 
nitrile of di-bromo-benzoic acid [152°]. 

Di-bromo-nitro-benzene C^iri 3 Br.(NO.J [1:3:5]. 
[105°]. I'Torn (1,5,3,0) or (1,5,3,2) di-broino- 
nitro-anilineby (liazo- reaction (Korner). Pnsms 
or tablets (from other). May be reduced to di- 
bromo-aniline [57°J. 

Di-bromo-dl-nitro-benzeno C,.lLBr.(NO,;)^. 
[117°]. Formed by nitrating m-<li-bronio- 
bcn/.('no (Korner). Greenish-yellow noodles, 
volatile with steam. Heating with KOHAq 
gives bromo-di-nitro-phcnol [92°J. 

Di-bromo-di-uitro-beuzene C,iHJlr.(N(),) 3 . 
[58°J. Formed by nitrating o-di-bromo-benzeme 
(Austen,i^.8,1182). Prisms (from HUAc). Bytlis- 
placemcnt of Br by Nll^andll successively it may , 
be converted into bromo-di-nitro-bcrizeno [S7°l. 

Pi-bromo-di-nitro-benzene C„H.,BrANO.J^. 
[120°]. Formed in small quantities in the pre¬ 
paration of the preceding body (A.). 

Di-bromo-di-nitro-beazene C„H 3 r 2 (N 0 Jo. 
[159°]. Formed by nitratingj^-di-hromo-lKUizene 
(Austen, B. 9, 021J. Small needles. Alcoholic 
Nil;, forms di-bromo-nitro-aniline [76°]. 

Di-bromo-di-nltro-benzend* > 

C,H,Brj,(NO,), [1:4:2:0J. [100°]. Fonyod in 

preparing the preceding (A,). Alcoholic NII 3 
converts it into brorno-di-nitro-anilino [ 100 °]. 

Tri - bromo - nitro - benzene C„irj3r;,(NO..) 
[1:S:4:6]. Mol. w. 3(50. [94°]. Formed by ni- ; 
trating «-tri-bromo-benzene (Mayer, A. 137, 1 
220). Palo yellowisli-green needles (from alco- 
•liol). Alcoholic NHj gives bromo-nitro-^?- 
phonyicne-diaminc. 


Tri-bromo-nitro-bemene 

C 3 H,Br 3 (NO«^ [1:2:S:6]. [112°]. From (l,6,3,6)- 
di-bromo-nitro-aniline [203°] by displacing: 
NHj by Br, or from (1,2,3,5,4) tri-bromo-nitro- 
anilino by displacing NH^. by H (Korner). Tri- 
clinic crystals; «:6:c-1*005:1:*1823 (Da Valle, 
O. 10, 1). lleduction gives tri-bromo-anilino. 
Alcoholic Nil.,givesdi-bromo-nilro-auiline[203°]. 

Tri-bromo-nitro-bonzene 
C,.iUlr;,(NO.,)[l:2:t:(5J. [120 J. From (2,4,6,1) 
di-hromo-nitro-anillinc In* ilia.:o reaction (K- r- 
iicr). Needles (from JlO.Vn). .Alcoholic NHj 
gives the parent di-bromo-niiro-auilinc. 

Tri-bromo-nitro benzene 
CJLBrdNO,) [1:3:5:2!. [125°]. (177°) at 11 ram. 
Prcjiarcd by nitratiou of .s-tri-bromo-bonzene 
with HNOj (1*5) (Wurstera. Bcran, B. 12, 1821; 
cf. G. L. Jackson, B. 8 , 1172). Formed also by 
diazo- rctfbtiun from (l,3,5,2,4) tri-bromo-nitro- 
anilino (Korner, Q. 4, 42*2). Monoclinic prisms ; 
a:5:c = *(3518:1: *8095 ; - 99°4G'(Pancbianco, (7. 

9, 354). Tin and IICI rerluco it to ordinary trl- 
bromo-aniline. Alcoholic Nil, at 170° gives 
(l,4,3,5)-bromo-nitro-piienylcne-diamine. 

Tri-bromo-nitro-benzene 
CJI..Br,(NOJ [1:3:1:2J. [above 187°]. Formed 
in small quantity in preparing the isomcride 
[94°]. Sublimes at 187°. 

Tri-bromo-di-nitro-beiizeue 
CJIBrjNO,)., [1:'2:1:3:5?]. [135°], Formed by 
nitrating tlie preceding body (Mayer). TricUnic 
crystals; *455:1: *457 (Panebianco, (7.9, 

35")). Alcoliolio NII 3 gives bromo-di-niti*o- 
phonylene-diaminc. 

Tri-bromo-di-nitro-benzene 
C,HBr,(NO,), [1:3:5:2:G]. [192^. Gli.stcning, 

needles. Prepared by nitration of s-tri-bromo- 
benzene with HNO 3 and U;^SO| (Wurster a. 
Beran, B. 12, 1821). 

Tetra-bromo-nitro-benzene 
C,lIBr,(NO,) [1:3;4:5:C]. [90° after several fu¬ 

sions]. Slemb'r needles, [60°] (from alcohol). From 
•w-tetra bromo-benzene by nitration. Formed 
also by licating C, (NO.jBr^SO.,H with IICI (V. v. 
llichtor, B. 8 , 1427 ; Langfurth, A, 191, 202). 

Peata-bromo-nitro-benzene C^Br^NO^). 
[228°]. From - tetra - bromo - bcir^eiic and 
faming HNOj (R.). Monoclinic prisms (from 
benzene). 

BROMO - NITRO - BENZENE SULPHONIC 
ACIU C,U3Br(NO.,)(SOjH) l1:4;2]. C130°-135°]. 
From bwm^-benzeuo o-sulphonic acid and cone.. 
HNO3 (BaUiinamj, A. 180, 'From p-bromo' 
nitro-benzeuo and fuming (Augustin a. 

Post, B. 8 , 1559). Flat yellow columns, v. e. 
sol. water. Iteduction gives amiilo-beuzcne w- 
Bulphonic acid; rxcliang»j of NO^ for Br gives 
p-di-bromo-benzono sulplionic acid. AgA'.— 
BaA'.^5aq. S. (of Jbi.A'J 5*3 at 10 ’.—CaA'^daq. 
—CaA'.^ 0.>a(i (A. a. lb). •— KA'. — Na.Ab—NH^A'. 
PbA'.^5aq.” ZnA'^Taq. . 

OAZoriif eC,II,Br(NO..)(SO..Cl):[92°l;table3.. 

Anilide C..il,Br(NO,)(SU,Na,). [205°j. 

Bromo-ttitro-benzene sulphoaic acid 
C„n,Br{NOJ(SO,,H) [1:0:2] ? Formed in small 
quantity in preparing the above by nitrating* 
bromo-benzene o-sulphonio acid (B.).—BaA^- 
S. 156 at 8 °. K.V. 

CAforirfoC,.t£,Br(NO,)(SO,Cl): [97°];tables.. 

Amide C„II,Bi(NOJ(SO^NHJ. [216°]. 
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Bromo-nitro-benzene-rolphonio soid Dl-bromo-aitro-bentsiie (olpboaia aoU 

C.H,Br(NO..){SOaH) [1;3:6]. Formed by heating 0,H^rj(N02)S0,H[l:3:4:6] [above200'>]. Formed 
nitro-diazo-benzene-sulphonio acid (1:3:6) with by nitrating C,HjBrjSOsH [1:3:4] (Bassmann, A. 
HBr (Limpricht, B. 18, 2186). 191, 235). Deliquescent needles or prisms (con- 

Chloride-. f75°], large yellow tables. taining xaq).—K.V. S. 1-4 at 21-6°.—BaA, jUq. 

Amide : [1GC°], small white tables. S. (ot BaA'.j) 1‘OG at 24°.—CaA'.Oaq.—PbA'^laq. 

Bromo-nitro-benzene sulphonic acid Chloride C,Jl.,.(NOJBr,.SO,,Cl. [115'5°]. 


C.,H 3 Br(N 0 ...)(.S 03 H) [1:4:3]. Formed by nitra¬ 
ting bromo-benzene m-sulphonicacid (Berndsen, 
A. 177, 9.5 ; Thomas, A. 186,124). Keduced to 
amido-beiizene o-sulpbonio dcid. Kxchange ol 
NO, (or Hr gives p-di-bromo-benzene sulphonic 
acid.—AgA'l,',aq.—Ba.A'.. 3aq. S. 2'4 at 7°.— 
CaA'.. 6aq.—^A'.— Nil, Ah—l’bA'...3aq. 

Chloride • C,ll,Bi(XO.,)(SO',Cl). [83°]. 

Amide CJljBr(NO,)(S(),.Nli,). [170°]. 

Biomo-nitro-benzeno sulphonic aci-'. 
C.H 3 Br(KO.,)(SO,,II) [1:2:4]. Formed by nitra¬ 
ting bromo-bevzene p-suliihonic aciJi (Ooslich, 

A. 180, 03; Limpricht, B. 8, 450). Formed 
.also by snlphonating o-bromo-nitro-benzene 
(A. a. F.: Andrew:?, Ji. 13, 2127). Keduction 
by HI at 120° gives amido-benzene m-sulphonic 
acid. - Ii;iA'.. juj. S. (of BaA'^) 1*71 at 15° (A.). 
-BaA'jllaq. S. (of liaA',.) 1-40 at 0° (G.). - 
CaA'./2aq (A, a. l’.). -CaA'.; 2Jaq. S. (ot CaAhJ 
4'71 at 0’(G.).—CuA'jOlaq.—KA'. H. 1'02 at 
9° (G.). NH^A'. S. 5-96 at 9°.—PbA'... 2aq.— 
■ZnA'oZaq. 

Chloride C.H,Br(NO.;)(SO..Cl). [10°-50°] 
.(A.); [57°] (G.). 

4»iidcCABr(NO-)(SO.Nn2):[177°]iplatc3. 

Bromo-nitro-benzene di-snlpbonic acid 
C.,II.Jir(NO-)(SOjH),. From nitro benzene «t- 
sulpbonic acid rid di-nitro-benzenc di-sulplioiiio 
acid and amido-nitro-benzone disulpbonic acid 
(Limpricht, D. 8, 289). Trimctric tables (con¬ 
taining aq). 

Di-bromo-nltro-benzene sulphonic aold 
C„H.,Br.,(NO,)(BO;,H) [1:2:4:6J. From o di- 
bromo-benzene sulphonic acid and fuming 
HNOj (Ooslich, A. 186, 152). ll«luotijm gives 
di-bromo-anilinc sulphonic acid.—I>aA',;3aq. 

B. '9 at 7°.—CaA'.’iaq.—CaA'^Oaq.—KA'.— 
NH,A'.—PbA'..3aq. S. -8 at 11°. 

Chloride C„HJ3r..(NO..)RO,Cl. [99°]. 

Amide C„H,Br 2 (Nb.,)S(LNllj. [211°]. 

Bi-bromo-nitro-benzene snlphonlc acid 
C„H,Br,(N02)(SOJI) [1:4:3?:.5]. From (1,4,5)- 
di-bromo-benzene gulphonic acid and UNO, 
‘(Borns, .4. 187, 358; lliibncr a. AVilliatns, yl. 
107, 121). Hygroscopic prt-iiis which bl.ackon 
at 100°.—BaA'Xq.—BaA'._. l,',,aq. BaA'.,2(aq.— 
BaA '2 Gaq.—BaA 2 9aq.- Ca.\\ 3aq. CuA'._. aq.— 
KA'aq. - KA'O.iaq. —NHjA'J.aq. — PbA'-^Oaq.— 
PbAh^Saq. B. 10-3 at 10°. 

* C/Goridc C„H,J3r2(NO..((SO,,Cl). Oil (?). 

Amide C,n 2 Br[(NO.)(SO-NU 2 ). [178°]. 

Bi-bromo-nitro-benzone sulphonic acid 
O„H.2Br.,(N02)(S0„II) [1:3:4:.5J. From s-di- 
bromo-benzone sulphdliic acid and HNO, (Lcnz,i 
A. 181, 32). Tablets (containing aaq); not 
hygroscopic. By exchanging NOj for Br it is 
converted into (l,3,4,5).tri-bromo-bcnzeno sul- 
iphonic acid. - BaA'._. liaq. 8. ’73 at 20°.— 
BaA'jdaq.—CaA'., 3aq.—KA'aq. S. 109 at 20°. 
- NH,A'.—PbA'-^ilaq. 8. '120 at 20°. 

Chloride C,Il.Br.,(NO )(S02C1). [121°]. 

A tnide C,H,Br 2 (N 02 )(SO,NHJ. Blackens 
*t 300°. 


Amide C„H .(N’ 02 )Br 2 H 0 jNHj. Minute 
tablets. Not melted at 210°. 

Tri-bromo-nitro-benzene sulphonic acid 
C„nBr,(NO-)SOJI 2aq [l::i:5;2;0J. [c. 100°]. 

F'ormed by nitrating C^H-BrjSOjH (Langfurth, 
yl. 191, 196; Beinkc, A. 186, 282; Biissmann, 
yl.l91, 2I6|. Hygroscopic, monoclinic prisms. 
Cone. IICI at 180° gives H. SO] and 
C„ILBr,(NO..) [125°].-KA'. S. -70 at 5° (B.)j 
1-33 at 11°'(L.).—BaA'-^aq. S. (of BaA'.,) -207 
at 1-5° (B.); -331 at 15° (L.). BaA', IJaq.— 
CaA'.,2aq.—PbA'.,9aq. S. (of PbA'„) "63 at 7° 
(B.) ;'93atl0“ (L.).—PbA'^lJaq.—PbA'.2Pb07aq. 
—PbA'.,Pb06aq. NH,A'. 

Chloride C„IIBr,(N0.2)S02Cl. [145°]. 

Amide 0 „HBr;,(NO-)SO.jNIl 2 . 

Tri-bromo-nitro-herzono sulphonic acid 
C„nBr,(NO.)(SO;JI) [I:2:3:4:6]. From (1,2,3,5). 
tri-bromo-benzene suljihonic acid by nitration 
(Limpricht a. Lenz, B. 8 , 1072, 1132 ; A. 181, 
41). Lamime.—BaA'-^laq, S. '074 at 18’.-- 
CaA',. 3aq. S. I'Oo at 20°. — KA' aq. S. ’10 
at 18°. NH,A'aq. ■PbA'.,aq. 8 . -14 at 20°. 

Chloride C,,HBr.,(X 6 ,)(S 0 . 2 Cl). [116°]. 

Amide C„HBr 3 (N 6 ..)(SU 2 NIL). [202°]. 

Tri-brorao-nitro-benzene sulphonic acid 
C„HBr 3 (NO.,)(SO,H) [1:3:4:2:6]. [125°] or, anhy. 
drous, [111 ]. From (l,2,4,5)-tri-bromo-benz- 
eno sulphonic acid and UNO,, (Spicgelberg, ,4. 
197, 284) columns (containing 3at]).--AgA'aq. 
S. (of AgA') '45 at 7°. BaA'., 3aq. S. (of BaA',,). 
•669 at 9°.—CaA'., 4 ]aq. 8 . (ot CaA'..) 1'95 at 
8 °.- KA'. S. I'19at8°.—NT1,A'. S. 1-68 at 6-5°. 
—PbA'„ 6 aq. H. (of PbA'.) -Hr,:! at 7°. 

Chloride C.:i]Br,(NtL)(SO.,Cl). [11.3°]. 

Amide C„llBr,.(NO.,}{BO..Nll 2 ). Blackens 
at 250°. 

Tri-bromo-di-nitro-bonzone sulphonic acid 
C,lir,,(NO.,).80,,II [l:;!:r,:2:4:01. [216°]. From 
C,ILilr.,HO,,H and cono. HN(),, at 100° (Biiss- 
inann, yl. 191, 239). Colourless ccUmms (con¬ 
taining 3a(l). Not hygroscopic, but v. sol- 
water, sot. alcohol. - With water at 2:10" it gives 
i C,FlBr.,(NO.;).. and H .SO,. Itednced by Sn and 
nCl to C„H..Bi(NH.,).]SO.,H.—NH,A'aq.-KA'aq. 
S. (ot KA')-48 at •24 . ■ BaA',.9.aq. S. (ol BaA'.^) 
'83 at21°.—CuA'.,7.',aq. - PluV'jhaq. S. (otPbA'j) 
1-02 at 19-6°. 

Chloride C.Br.,(N0..1 .SO..C1. [203°]. 

Amide C„Br,{N 02 ).S 0 ..NH 2 . [260°]. 

Totra-bromo-nitro-benzene sulphonic acid 
C,4ir,(N0.3)HG3H [1:2:3:5:4:6]. Got by nitrating 
C„llBr,SO;,H. Crusts of needles (containinglaq). 
V. sol. alcohol add water (Beckurts, yl. 181, 220; 
LaujJurth, yl. 191, 202). With cono. HCl at 
200° It gives C 3 UBr,(NO.,) and H..SO,.—KA'lJaq, 
8. (ot KA') -57 at 10-5°. -‘BaA'.i9aq. 8. (of BaA'j) 
•36 at 11° (B.); -100 at 14-5° (L.),—NH^A'aq. 
8. (of Nil,A') 101 at 11°.—CaA'., 8aq. S. (of 
CaA',) -16 at 6°.—PbA', 9aq. 8. (of PbA',) -06 
at 6°. 

Chloride C„Br,(NO,)SO,CI:[147-5°]:tablets. 

Amide-, crystalline powder. 
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Tktift-tooBio-iiitM-benniia snlplumio soUl 

0,Br,(NO,)SO,H [1:2;3:4:6;6]. [173“]. From e- 
tetra-bromo-beuzene sulphonio acid and HNO, 
(Spiegelberg, A. 197, 297). Slender needles (con¬ 
taining aq). —BaA'a 4aq. S. (of BaA'.,.) '22 at — 
BaA': 9aq.—CaA'j aq. S. (of CaA'..) 2‘8 at 13“.— 
KA'aq. S. (of KA') -17 at 11“.- Nil,A'. S. -40 
at 11°. -I‘bA'..2aq. S. 012 at 11°. 

Cbio)'idcC,Br,(NO,)(SO..Cl): [173°]; prisms. 

Amide C„Br,(NO.,)(SO.,NII..). Blackens at 
200 °. 

BEOMO.NITEO-BENZOIC ACID 

0,R,Br(N0.,)C0-H [1;1;3]. Formed, 

together with the isomeride [250"] by nitraliiig 
JM-bromo-benzoic acid (Hiibncr a. Ohly, Z. .2] j 
1, 547; 2, 241; A. 143, 230; 222, 102). | 
nionoclinic prisms.—NaA'3aq.—Ka.A^21aq. 

KA' 2aq. — BaA',. 4a(|. —CaA'j 2aq.— MgA'., -laq.— 
PbA'..--CuAV AkA'. 

lithyl ether [55°]; moiioclinicprisms. 

Bromo-nitro-bonzoic acid CallaBriNOaiCO,!! 
[1:3:5]. [101°]. S. -057 at 11°. Formed from 
C,H,(NH..)(N 02 )C 0 .,H, glacial acetio acid, Hlir 
(S.ti. l- l'j), anil nitrous acid gas (Ilescmaim a. 
Kohler, A. 222,100). L«ng noodles (from water, 
benzene, ether, or CSj), whetstone - shaped 
crystals (from glacial acetic acid) or thin six- 
sided plates (from alcohol). — KA' lac;. — 
BaA'j 5,'.aq.—Ca.V., aq.—JIgA'., aep - Zii A 4iaq. 
-CdA';4;aq. SrA',.-- AgA'. -I’bA',. 

Bromo-nitro-benzoic acid CylIaBr{^0.;)CO;.H 
[1:3:0]. [104°]. Formed by oxid.ation of 

C U,Br(Nd.,)Me by dilute HNO,, (Kcheu felon, .-I. 
231, 173). V. sol. ether and dilute alcohol. HI. 
sol. water, lleducod by Sn and HCl to m-bromo- 
aniline, CO., going oil. ■ Ag.V. 

Bromo-nitro-benzoic acid C,ili.il.lr(NO._.)((-0,li) 
[1:4:0]. [180°]. From C.H,Melir(NO.,) [1:2:5] and 
dilute UNO, (Hcheutclcn, A. 231, IHl) or by 
nitrating o-bromo-bonzoic acid (Hurgliard, Jt. 8, 
500). Almost insol. cold w.ater, si. sol. hot water, 
V. sol. ether and dilute alcohol. ,.\lcoholic Nil, 
at 130" gives p-nitro-aniliiie and (1, 4, 0)-amido- 
nitro-bcn/.oic acid.—ISa.V,ohu]. 

Kthyl ether Kt^V: [110°]; needles. 

Bromo-nitro-benzoic acid 
C„IIjl3r(NO..)CO.,H [1:2:4J. [190"]. Formed by 
nitration of p-bromo-benzoio acid [218 ] (Tlub- 
ncr, A. 143,218; llavcill, A. 222, 177) and by 
oxidation of tho corresponding bromo-nitro- 
tolucne (Scheufelen, A. 231,183). Bong needles 
(from water) or plates (from dilute alcohol); v. 
sol. ether, si. sol. water, llcduclion gives in- 
amido-bcnzoic acid. 

Salts. ■ -AgA'.—BaA'.,4aq.—SIgAlaiq. 

Ethyl ether KtA': [71"]; prisms. 

Bromo-nitro-benzoic acid 
C.H,Br(NO..)CO,H [1:2:3]. [250°]. From m- 

bromo-benzoic acid by nitration. Seiiarale,l 

from its isomeride [141°] by being less soluble iii 
wator(lIubncr,A. fl3, 234 ; A. 222,101). 
clinio octahedra (from oilier). NaA aq.--. 

BaA'.,4aq.—MgA'.liaq. 

Ethyl ether FtA': [80°]; prisms. 

Di-bromo-nitro-bonzoic acid 

From di-bromo-bcnzoic acid [230 ] by nitration 
IK. F. Smith, A. 222, 188). Colourless needles; 
reduction gives anthranilic acid. 

Salts.—rbAV—Na.A'3aq.- KA .—l,aA .,aq. 

-CaA'.31aa.—MgA',. 


Di-bromo-nitro-benzot# acid 

0,H.,Br,(NO,)(CO,H). [162°]. Formed by nitra¬ 
ting the di-womo-benzoio acid [223°-227°] 
obtained by brominating benzoic acid (Anger- 
stein, A. 158,13). Needles (from water). He- 
duction gives di-bromo-aniido-bcnzoic acid 
[190 ] and then anthranilic acid. NaA'3aq. - 
BaA',2aq. This acid is perhaps identical witli 
the preceding. 

Di-bromo-nitro-benzoic acid 
C„II.,Br.,(NO.,)C() ll,[:t:5:2;n. [233°|. Formed by 
nitration of C„H;,i!r,CO,ll (llc.-cmaim a. Kohler, 

A. 222, 17;i). Long coiourlcss nccdlivs; may bo 
sublimed.—liaA'., laq.- Ga.A'...—Ag.-i'.—-KA', 

BRCiMO-NITEO-o-BENZYL-l'HENOL 
C„ll|„BrNO.,. [105"-1U1,°J. From potassium 
nitro-o-bcnzyl-phenol siilphoiiic acid iiiid Br 
(licnnic, C. ./. 49, 410). Yellow scales (from 
j alcohol).-i|KA'. 

Bromo-nitro-;i-benzyl-phenol 
; l>h.Cll,.C,ll,lSr(NO,)UlI [1:3:5;4;. [lib"]. 

I:\iriiiation. —1. From potassic bromo-bonzyl- 
pliciiol snlplionate and dilute. UNO, (1:1) 
Jltennic, C. J. 41, 223).—2. From potassic mtro- 
bcn/.yl-phcnol siilphoiiato, C.,il,0-, and Br.— 

3. From nitro-benzyl-phenol, C,H|0.„ and Br.— 

4. From benzyl-phenol by first brominating 
and then nitrating. 

/ ’ro;ici <ii's.—Crystalline scales (from alcohol). 
— K.V. Bed scales.' HNO,ox'idiscaittobromo- 
di.mtro.phcnol,C„II..Br(N6.,).,Oll[l;2:3:.5][118°]. 

BROMO-NITEO-BUTANE C,U,BrNO, i.e. 
C.,II,.CUBr(NO-). (181° cor.). From nitro- 
butane, potash, and Br (Ziiblin, IS. 40, 208.>). 
Tho three following oompounds are prep:ired in 
a similar way (Z.). 

Di-bromo-nitro-butaneOjn,CBr,(NO,). (204 

Bromo-di-nitro-butane C,IIX’Br(N02)2. Not 
volatile. 

Bromo-di-nitro-iso-butano 
(Clh,).,CH.CBr(NO.,).,. [38"J. Sedid resembling 

camphor. \ -latile with steam. Iteadily deeom- 
nosed bv alkalis forming dinitro isobntaiie. 

BEOMO-m-NITEO-CINNAMIC ACID 
[3:l]C„U,(NO,).0,IIBr.CO,H. [212']. Foriuedby 
heating the d'ibromidc of ni-iiitro-benzylidene- 
maJonic acid (Stnart, O. •/. 49, 301). 

Bromo-n-nitro-cinnamic acid 
[4:l]C,JI,(NO,).C.,l I Br.CO,11. [ 110" I. V. sol. alco- 
hoi, ether, chloroform. ,S1. sol. hot CS,. More 
sol. in cold water than it.s isomciide ‘znO-J. . - 

SalN-BaA',. Boih'd with wiiUr gives nitro- 
phcnyl-aectylone, CO., and Ba! r.,. 

Ethyl ether VAA'. \i\Ti I'lisms. From 
C II iNd.)CllBr.CllBr.CO..Etand alcohohcKOll 
(C. L. Mi'iller, A. 212, 131)'. 

Bromo-n-nitro-cinnam.c aeul 
[4:1] C„H,(NO,,).C,lJl)r.CO,II. |205']. Slender 
silky needii:s (from water). SI. sol. cold water, 
insoh cold CS,. V. sol. aic.diol, . ther, chloro¬ 
form, or benzoline. . ....... 

Salt.-Ba.A'.j. Decomposed by boding into 

nitro-phonyl-acctylene, CO.; and IhiBr;. 

Ethyl etherlAk’. [93"J. N.'cdlcs. From 

di-cxo bromo-f)-nitro.phenyl-propiomc ether by 

alcoholic KOH (C. L. Miillcr, A. 212, 131). 

Di-bromo-»-nitro-cinuamic acid 
[4:r!C.H,(NO..).CBr:CBr.CO.;H. [c.l80’]. From 
p-nin'i”-pbenyl.propiolic acid and Br (Drewaon, 
A. 212,167). 
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Ethyl tther'^ik'. rSf!”]- V. sol.benzene, 
chlorotoim or glacial HOAo, si. sol. benzoline. 

BROMO-KIIBO-ClIirirAIIIC ALDEHYDE 
C.n,(N’0,).CH:0Br.CH0. [97°J. Long yellowish 
needles. Formed togetlier with tlie isomeride 
by nitration of a^bromo-cinnamic alde¬ 
hyde. 

Phcnyhhjfdrazide. Iiargoyellow 

plates (Zinckc a. Hagen, B, 17, LSK)}. 

Broino>nitro*ciiiTiamic aldehyde . 

C,n,(N0a).Cn;Cllr.C110. [aao^j. YdlowUh 
needles. Formed as above. 

l*hen}jl-hydrazi(ln. [151°]; red crystal¬ 
line solid, sV» sol. alcohol (Z. a. Jf.). 

DI-BROMO-NITRO-o-CRESOL 
C,lT(CII,)(K0.,)(Ur),(01t) [l;l:.n‘2] [^*2”]. 

Formed by bromination of nitro-o-cresol 
C,Hj(Cil,)(NOo}(OH) [1:1:2]. VoUowish needles. 
V. sol. alcohol and ether, nearly in ol. water 
(Noltiiig a. Collin, JJ. 17, 270). 

Bi-bromo-mtro'p-cresol 

C,nMc(N().,)(OH)Lir., [1:2:4:?:?]. [8:1^]. From 
iiqucoiiR nitro-cre.'^ol, [78'*], and bromine-water. 
Long yellow noodles (from alcohol). Insol. cold 
water, V. si. sol. liot water, v. sol. alcohol or 
ether (K.Kiiochf, A. 215, 80; B. 15, 1071). 

Salts. ~ C,4I.Mft(i\0,,)(0Na)Br.,2’.aq. Red 
Dccdles (from alcohol). - 0. ilMe{N02)(0K)Rr2aq. 

DI-B kOMO-NITRO-CUMENE 
CJI,.CnBr CBr(NO.,).CH,. Bi - bromo-nitro • 
yhcnyl ‘propi/Ienc. [77^-78'5°]. F'rom 
l’li.Cil:C(NO,).CII, and Br (rricl).s, A. 225, .402). 
Colonrloss prisms (from liglit pctroicnm). Not 
<b‘Composed even by hot aqueous NaOH, thus 
dilTering markedly from tlic corresponding di- 
bronio-nitro-ethyl-bon/ene. 

Bromo-iiitro-^z-cumene 

C..nMe;,Br(NO.J [l:2;4:5:;r]. [102^]. Formed by 
nitration of bromo-pscudo-cuinenc by 

fmnijjg ITNO,. Needles. Sol. benzene, si. sol, 
alcohol {Kelbe a. Bathe, B. 10,1548). 

Bromo-di-nitro-i^-cumene 
C,Mo^Br(NO,)2[l:2:4:;t:5:nj. [181°^ Formed by 
nitration of bromo-pseudo-cumene [1:2:4 
Long yellowish noodles. Si. sol. hot alcohol, 
nearly insol.cold (Kelbe a. Batlic, B. 10,1551). 

Bromo-di-nitro-t//-camenc 
C,Me3Br(NO,),[l:2:4:5;3:Cj. [214^]. Formed by 
nitration of bromo-pseudo-cunienc [70^] with 
fuming ITNOa and cone. ILSO,. Microscopic 
tables. Sol. benzene^si. sol. hot alcohol, nearly 
h'lBol. cold alcohol (Fittig, A. 147,14 ; Kelbe a. 
Bathe, K19,1518). , ^ • 

BKOMO-NITM-iso-CUMENOL * C,n,„BrNO, 
t.i>. C.IL.(C.II,)Bi»:NO,)(011) [1:5:3:2]. Bromo- 
nitro-isopropyi-phciwl. [ 84^]. From bromo-iso- 
propyl-phenol and JIXO3 (Fileti, G. 1C, 123). 
Bale yellow needles (from dllpte IIOAc). 

Bromo-nitro-iso-cuiiienol 
C,HoPrBr(N03)(0H)[l:4:5:2]. [88°]. From nitro- 
isopropyl phenol and Br (F.). Nacreous tables 
(from dilute alcoliol); v^olatilo wnth steam. 

bromo-niiro-cumyl-propionic acid 

C,5jH,4BrN04 i.e. 

C.n3(C3H,){NO,).CHBr.CII.^.CO,n. [127°]. 
From o-nitro-c.w proi^yl-cinnamic acid and H13r 
(Kinliorn a. Hess, B. 17, 2020). 

Di-bromo-nitro-cumyl-propionio acid 
C,113(0311,)(NO.,).CIlBr.CnBr.CO,H. [171°]. 
From o-nitro-cso-propyl-cinnamio acid and Br 
(AVidman, B. 19, 2C0). 


Di-bromo-nitro-cumyl-propionio acid. [184°]. 
From m-nitro-eso-propyl-cinnamio acid and Br 
(Widman, B. 19, 418). 

BROMO-NITRO-CYMENE C,„H,„BrN02 ue. 
C„lLMe(C 3 H,)Br(NO^ [l;4:3:x]. Formed by 
nitrating the bromo - cymono derived from 
thymol (Mazzara, G. 10, 193). Oil, volatile 
witli steam. 

Bromo-di-nitro-cymene 

C,llMeBrBr(NO.j)i. [1:4:2?:?;?]. [0S°]. Formed 
by nitrating LTomo-cyrnene (229°). Monoclinio 
prisms (Gcricliten, B. 11,1092). May bo iden¬ 
tical with the following. 

Bromo-di-nit ro-cymene 

C,HMeBrBr(NO,)* [1:1:3:?:?]. [94°]. Formed 

by nitrating the bromo-cymene derived from 
thymol (At.). Slender yellow needles. 
Broino-nitro-isocymeue 

C,H,(OJI,)(CH,)(Br){N(),) [4:2:1:?]. [121°]. 

Ijong rod needles. Prepared by nitration of 

(l:2:i)-bromo-iRocyin(’iu! (Kolbe, B. 15, 40). 

Bromo-nitro-m-isocymene (?) C,„lI,2(N02)Br. 
[83°]. From di-bromo-m-isocymeno by nitra¬ 
tion (Kelbe a. Czarnoniski, A. 235, 281). 

Bromo-di-nitro-isocyraene 
0,11(0, IT, )(Cli,)(X(),),(Mr). [55°]. Short thick 
needles Brepaiod by nitration of (/3)-bromo- 
isocymene (Kcilbc, B. 15, 42). 

BROMO-NITRO-ETHANE 0.11,BrNO., i.e. 
CH 3 .CIIBr(N(),.). (147°). Formed by dissolv¬ 
ing nitro-cthane (7.V.) in a(iuc<tus caustic potash 
and adding bromine : Oil,.CM K(N02) + Br,-« 
0ri.,.CHBr(N0.2) + KMr (Meyer a. Wurster, B. 6, 
01; Tsclierniak, B, 7, 010; A. 180, 120). - Pun¬ 
gent oil. Forms unstable sails. 

Bromo-di-nitro-ethaue Clli.CMrfXO.J.j. From 
Brand potassium dinitroclhano (Ter i\fcer, A. 
ISl, 15).—Oil, volalile with steam; decomposed 
by K.,C 03 which forms OII,.C.K(NO.,).,. 

Di-bromo-tetra-nitro-ethane 
CBr(N() 2 ).-CBr(NO.J. 2 , J'’rom etliylene bromide 
and fuming IINO 3 , or from 0.(N0..),K2 and Br. 
Bnslahle liquid ; forms with potash a compound 
01 >r.j{N 02 ) 42 KOiT, m. sol. liot water, which ex¬ 
plodes at about 180°. Ammonium sulphide con¬ 
verts it into SO .2 forms NII 3 , IIBr, 

and IICN. Aqueous K^SO., forms yellow crys¬ 
tals C,.(N02)4K23K2S04 (Viliicrs, C-lt. 94,1122; 
98,431). 

Di - bromo - nitro-ethane CH;,.CJ3r.2(NO.J. 
(1C5°). Formed by adding potash to a mixture 
of nitro-ethane (q. i’.) and the calculated quan¬ 
tity of bromine (V. Meyer, if. 7, 1313). Indif¬ 
ferent oil, insol. KUO. 

• BROMO-NITRO-ETHENYL - NAPHTHYL- 
ENE-DIAMINE 

= 1 ] • [ 242 <>]. 

Formed by nitration of ethonyl-(4;2:l)-brorno- 
naplithylcnc-diamine (Brager, B. 18, 21C2). 
Yellow noodles si. sol. alcohdl, v. aol. liNOsAq. 

wo-DI-BfiOMC^gi-NITRO.ETHYL. BENZENE 
C^H^Br.NO., i.e. [2:1] C,H 4 (N 02 ).CnBr,CH.Br. 
o-nitiij‘Si\jmtc dibromidc. [52°]. Fromo-nilro- 
styrene and Br (Einhorn, B. 10, 2213). 

aa-Di-bromo-m-nitro-ethyl-benzene 
[3:1] C,H,(N0.2).CHBr.CH.2Br. [7U°J. From w- 
nitro-styrenc and Br (Brausnitz, B. 17, 698). 

wa-Di-bromo-p-nitro-ethyl-benzene 
[4:1] C,H,,{N0.2).CIIBr.CU,,13r. [73°]. From p» 
nitro-‘'4yrcne and Br (Busier, B. 16, 3006). 



BROMO-NITRO-NAPHTHALENE. TOI 


)»a.Dl.broino-»-mtro-etliyl-benzene 
C.Hj.OHBr.CHBrNO,. [SC"*]. From a». nitro - 
phenyUethylene and Br (Erdmann, B. 17, 414). 
Also from w-nitro-ethyl-bonzcne and Br (Priebs, 
A. 225, 341). Monoclinic crystals, <i:6:c=» 
1*257:1:1*390; L=s83^54'. Cold aqacous NaOII 
gives bromo-nitro-styrono. 

ctfa-Di-broQio-a)o-di.iiitr{>-etbyl-beiizen6 
[2:1] C,H,(^^0,).CTIBr.CHBriNO,. [91^]. From 
ojo-di-nitro-pbcnyl-ethylcnc and Br (Priebs, -1. 
2*25, 352). White noodles, v. si. sol. lij^roin. 

wa-Di-bromo-ftijj-di-nitro-ethyl-beazene 
[4:l]C,H,(NO,).CHBr.CHBrNO,. LB)3^J. From 
aip-di-niti'o*ph'enyl-ctliylcne ami Br (P.). Plates. 

DI-BROM^-NITRO-ETHYLEIfE 
O^HBraiNOJ. [112-^]. From sodium tri-nitro- 
rosorcin C,^H(NOJs(OH)(ONa) in aqueous solu¬ 
tion, and bromine vapour (Morz a. Zetter, B. 12, 
2045). Prisms (from CHOI.,); does not combine 
with Br. Zn and HOI give ethylamine. 

DI-BSOMO-DI-NITBO-FLUO RE SCElN 
02 oH,,Br..j(NOJ 204 . From di-bronio-Uuorcscctn 
and HNOj, or from di-nitro-tiuoroscein and Br. 
Yellow noodles ; is not fluorescent. 

Acetyl derivative [2>b’J (Baoyer, A. 
183, 01). 

BHOMO-NirROFORM v. Biiom o-tm-Niti;)- 

MliTltVN'R. 

BROMO-NlXaO-HYDROCINNAMIC ACID 

Btt:)MO-NITa')*PIIENYL-l*];OI>ION'IO AGIO. 

BROMO NITRO-MESirYLEME 0.fI,„r>rN0, 
i.e. 0.,HBrMe;,(N0J. [ot'J. Formed by nitrating 
bromo-mes'tyleno (Fittig a. Storor, ,1.117, 7). 

Brom^-di-nitro-mesityleae G,Bi‘Mi!j(NO.)... 
fl04®]. From di-bromo-incsitylone by fuming 
UNO.,. Needles (Siis.^onguth, /1.215, 218). 

BROMO-NITRO-METHANE CH ,Br(NO-,). 
(111'). Formed by tlie action of bromine on 
sodium nitro-methano (Tsehernialc, 7>. 7, 910; 
.4. 180, 128 V. Nmio-.Mi:rn,\NE). Pungent oil. 
The bromine and nitroxyl render its hydrogen 
displaceable by sodium : it is a strong acid. 

Bromo-di-aitro-methane CfIBr(NOJj. From 
di-bromo-di-nitro-inctliano and alcoliolic KOII 
(VilUor.s, in. [2J 37, 452; Losanitscli, Ji. JO, 
51); or from {a)-di-bromo-camphor and cone. 
llNOa (Kachlor a. Spitzer, M. 4, 558). Oil. 

Salt. -CKBr(NO.,).,: B.G. 1*25; trieiiiiio 
crystals which explode at about 147 Itc^duc- 
tion by sodium-amalgam gives IlCN, HBr, and 
Nila (Villiers, U, 282). Amuiuniam 

sulphide gives di-nitro-mothano. 

Bromo-tri-nitro-methano OBr(NO;.),,- Uromo- ' 
niirofcymi. [about 12^J. S.0.2*8. From 

nitroform and Br in sunlight; or from incn-nrie 
nitroform and Br (Soliisehkolf, A. 110, 217). 
Decomposes at 140'\ but volatile with slcam. 

Di-bronio-nitro-niethane ClIliro(NO.). 
(155"-1G0’). Formed by adding bromine to 
potassic bromo-nitiu-niethane: 

OHKBr(NO,) + Br,=CHBr^(NO,) + KBr. 
Bromopierin, insoluble in potasli, is formed at 
the same time (Tschorniak, A. 180,130). “ Very 
pungent oil, volatile with steam, soluble in 
caustic soda. 

Di-bromo-di-nitro-methane CBrJNO,);. 

[c. O'^j. Formed by the action o: cone. fINOj 
ou tri-bromo-anUinn, ethylene bromide, bromo- 
phenol, or di-bromo-^^-tolnhlino (Tiosanitsch, B. 
15, 472; Yillicrs, Bl. [2] 37, 452). Orcenish- 


yellow, pungent oil, volati|b vritb steam. Alkalis 
form salts of bromo-di-nitro-meihane. 

Tri-bromo-nitro-metliane OBrj(NO,). Bromo- 
picrin [10®]. S.G. ^: 2*811. 

Formation. —From nitro-methane, bromine, 
and KOH (V. Meyer a. Tscherniak, A. 180,122h 

Preparation. — CaO (4 pts.), H^O (50pts.), 
Br^, (0 pts.) and picric acid (1 pt.) are mixed in 
the order named and the prodtiot is distilled 
(Slenhouse, P. M. [4] 8 , 30; Groves a. Bolaa, .4. 
15o, 253 ; G. J. 23,,153). 

Proper^it’S.—Pungent prisms, may be dis¬ 
tilled in vacuo. Converted by J.U* into CBr^. 

BROMO.DI.NITRO-METHYL-A15.ILINE 
C„ILBr(NO.,),NIlMe [l:3:r);(i]. [147®]. From 

di-nitro-motliyl-aniline .and Br.’ Yellow crys¬ 
tals ; boiling aqueous KOIf gives bromo-di- 
nitro-phenol (Norton a. Allen, li. 18, 1990). 

Bromomitro-di-mothyl-aniline 

O , JI,Br{N02)NMe,, [4:3:1]. [72 ]. l.nng crystals. 
Formed togetiier with other ])roducU by tiio 
action of nitrons acid upon ^nbromo-di-methyl- 
aniline (Koch, B. 20, 2100 ). 

BROMO-DI-NITRO - METHYL - DI-PHENYL- 
AMINE C,,H,„NBr(N(F).,. [19 PJ. Light yellow 
taijius. Formed by broinination of di nitro* 
mef.liyl-di-x>honyl-amine (Loymann, />. 15,1230), 

BROMO-NITRO-NAPHTHALENE 
C„.ll,Br(NO.J [1:11. [05®]. From (a) bromo- 

naphtluilene and HNO 3 . Yellow needles. PBr^ 
gives C,„ll,Br, [81'"] (John, BL [2j 28,515). 

Bromo-nitro-naphihaleno 
C,„H,.Br(NO,) [1:1'01 -4']. [122-5’j. S. (93 p.c. 

alcohol) *337 at 15*7®. From {a).nitro-riaplitha- 
lono and bromine (Guareschi, A. 222, 291). 
Yellow needles (from alc<dii>l). KMn 04 givcs 
bromo-phthalic acid [174®-170 '. 

Bromo-nitro-naphtbaleue C,„ll„Br(NO.) [3:1]. 
[131®]. From (2,4,l)-b»*omo-nitro (tt)-naphthyl- 
amine by the tlia/.n- reaction (IJi bermann a. 
Scheiding, A. 183, 202 ; Mohlola, C. J. 47, 508). 
Straw-coloured netullcs. Kxcluinge of NO.^ for 

Bl givei?(l,3j-di-bromo-naplithairiie [Oi 'J. 

Bromo-aitro-napbthalene C,„H .Br(N()^) [1:3]. 
[132 'J. From (u)-najihtl»ylaiTiinc by bromina- 
tion, nitration, diazuLisation Ac. (Lieliermann, 

P. 8, 1108; A. 183, 2()*2). Yellow neetlles; Bn 
and llCl give ()S)-naphthylamiiie, 

Bromo-di-nitro-naphthalene 
C,,|ll BrlNO-J,.. [170 ']. Long glish-nhig needles. 
Formed together with Uiei.-llowing isomcride 
jiitration,of (ft)-bromo-iiaplilhalcnc witli fuming 
UNO., (1*5). Not' attacked iiy l»oiling with 
a<picous NaOH. On oxidatioi’witSj ililuto JINO^ 
it gave a small quantity of (j)-nitro-phthalio 
mud (Alorz a. Weitli, B. 15, 2719), 

Bromo-di-nitro-naphthaleDB 
C,„II,Br(NO..) 2 . [l-r’l 1- Tiibles or pi-isms. rorniftil 
ns above. Not attacked by boiling iupn-ous NaOH. 
On oxidation with dilute HNO., it gave a little (u). 
nitro-phthulio acki (^.derz a. Weith, P. 16,2710). 

Bromo- tetra-nitro -naphtha I ono 
C,„U.,Br{NO,),. [190®]. Needles. S. (benzeno 
at 18’) 3*7. Formed by furtlier nitration of 
bromo-di-nitro-naj)hthalono [170'] by healing 
w itii a mixture of UNO;, and it .SO,. It dissolves 
in caustic alkalis forming leira-nitro-naplilhol. 
NFT, converts it into tctra-iiitio-napl»tiiy)amine, 
iiud aniline gives the phenyl derivative of the 
luller. Ou oxidation with dilute HNO* it giv»\9 





di-nitro-phtha1io Boi(|; [237°] (Mera a. Weitb, B. 
16,2712). 

B romo>tetra*nitro<naphthalene 

C,ftH3Br(N0j)(. [246®]. White glistening needles. 
Nearly insol. ordinary solvents. Formed by 
nitration of bromo-di-nitro-nnphthalene [143®] 
with a mixture of HNO., and JLSO,. It is at¬ 
tacked by alkalis with difliculty. NH, converts 
it into tctra-nitro-naphthylamine and aniline 
gives the phenyl derivative of the latter. On 
oxidation with dilute HNO^ it gives di-nitro- 
phthalie acid [200'J (Merz a. Weitli, Xi. 16, 
2718). 

Di-bron\p.nitro.naphthaleDe C,JI.,Br.^(N02). 
[0G*5°-0B”J. One of the products of action of 
Br on nitro-nal)Uthalenc. Small yellow needles 
(from alcohol) (Guarcsdii, A. 222, 28(i). 

Bi-bromo-nltro-naphthaleiie 
C,„T{JJr,(NO.,) [1:4:1']. [IKi-G®]. :^rom (1,4)- 
di-bromo-naphthalene and IINOg (S.G. 1*4) in 
tlie cold (John, Bl. [2] 28, 615). TCI, gives tri- 
bromo-naphtlialenn [85®]. 

Di-bromo-nitro-naphthalene C,«n,Br.(NOa). 
[100®-105®]. From di-hromo-naphtlialenc [68®] 
and UNO;, (S.G. 1*4) (Canzoneri, G. 12, 427). 

Tri-bromo-di-nltro-naphthalene 
C,oHjBr.,{NO.j).» From (1, 2, 4)-tri-bromo-naph- I 
tbalcno and fuming HNO., (1‘rager, IL 18, 2164). 

BROMO - NITKO - (a) - NAPHTHOIC ACID 
C,„HjBr(iN0.,)C02H [1:4:4']. [260®]. Formed by ; 
nitration of bromo-(a).naphthoic acid [24tj®]. | 
Small yellowish prisms (from alcohol). Its am- i 
monium salt forms glistening plates, b 1. sol. ! 
cold water (Ekstrand, B. H), 1135). , 

BR0M0-NITR0.(a).NAPHTH0L | 

C,„H,Br(NO,)(OH)[2:4:lj. [136®]. From (2,4,1)- ^ 
bromo-nitro-acetyl-(a).iiaphthylaniine and cone. 
NaOH. Silky needles (from alcohol); oxidation 
gives phthalie acid. 

Salts.---0,oIl5Br(NO.,)(ONa)aq: red needles. 
—(0,„n,Br(N0..)0).Ba Sa'q. 

Methyl ether C,„H,Br(NO,)(OMo). [115®]. 
Palo yellow silkyneedles (Meldola^G. tA.^47,407). 

Bromo-iiitro-(a)-uaphthol C,„n,Br(550J0U. 
[142®]. From acetyl-bromo-(a)-miphtiiylumino 
by nitration and saponilicalion (IJiiidermaim a. 
Remiiiors, B. 7, 538). 

BEOMO-NITRO-(a)-NAPHTHYI,AMINE 1 
C,oH,Br(NO,)(Nn.) [2;1:1J. [11)7°]. I'mra tlie j 
acetyl ilcrivative by dissolvini,' in coiic. IIBO, | 

iijii-;. with water.. Orange needles; gives 
jSithalio acid on oxidation (Meldola, C. J, 
47,41)7; 1,!, 9). ' . ' 

Acetyl derivative C,„HiBr(NOj)(NnAo). 
[22.7°]. from aoctyl-(a)-naplithylainiue by 
nitration and bromination. Bale ochreous i 
needles. ' 

Bromo-nitro-(o)-naplitliyramine 
C,JI-,Br(NO,)(NII.) [4:2:1]. [200°]. Broin 

acetyI-(a)-bronio-{a}-naphthylanuno by nitration 
and saponilication (liicbcrmann a. Scheiding, 
A. 183, 2f.8). 0.vidiSed by dilute UNO, to' 
pbthalio acid. Elimination of Nil, gives bronio- 
nitro-napbtbalcne [132°]. Coitc. llilrAii at 130° 
gives (1, 2, 4)-tri-bronio-napbtbalene. 

Acetyl derivative C|„lI,Br(NO,)(NHAo). 
[232°]. 

DI-BEOMO NITEO-OECIN C,II,Br..NO, i.e. 
C,MeBr,(NO,)(()H).., [112°]. l-'roin (8)-nitro- 
orcin and Br. Yoliow lamina: (from alcohol).— 


Ba[C,H,Br^ 04 }t 2aq,: ted needles (Weaelaky.. 

B, 7, 444). 

BBOMO.iriTBO.o-OXT.BENZOIC ACID 

0»H,,B>-(NO,)(OH)CO,H [6:3:2:1]. Brotnd-nitro- 
salicylie acid. [175°]. Yellow needles. Formed 
by nitration of bromo-salioylio aoid in acotici 
acid solution.—A'.Ca^aq: V.sol. water.—A',Ba: 

yellow needles.—0,H,,Br(NO,,)<[*°Q®^Ba2aq: 

red crystals.-0,H,Br(NO,)<®®-*^>Pb: nearly 

insoluble pp. (Lellmann a. Grothmaun, B. 17, 
2729). 

Bromo-nltro-o-oxy-beuzolc acid 

C, H.,Br(NO.,){OH)CO,n [3:5:2:!]. [222®]. Colour- 
less needles. V. sol. alcohol, ether, and hot- 

i water. For.’ued by bromination of nitro-sali- 
I cylic acid in acetic acid solution. 

Salts.'-A'oBa4a(i: long yellow needles.— 
A'gCa Oaq; yellow prisms (Lcllraanu a. Groth- 
mann, B. 17, 2724). 

Bromo-nitro-O'Oxy-benzoic acid. Methyl 

derivative C,;K,,Br(NO,)(OMe){CO,.H). From 
methyl bromo-isopropyl - phenyl oxide and 
UNO., (S.G, 1*3) (Vorajoner, G. 16, 420). A di- 
bromo-nitro-o-oxy-bcnzoic acid is also formed. 

Bromo-nitro-p-oxy-benzoic acid. Ifc thyI 
derivative C,H.,Br(NO,)(OMe)(CO.,H) [1:3;2:5]. 
[182®]. Bromo^nitro-ayusic acid. Formed by 
nitrating bromo-anisic acid. 

Ethyl ether'EiiM. [85°j: needles(Balbi* 
ano, 0. 14, 241). 

DI-BROMODI-NITRO-DI-OXY-DI-PHENYL 
SUIPHONE 

C,JI,Br.,N.,SO« i.e. (C,U,(NO,,){OH)Br).,SO,. 
[285®]. From di-nitro-di-oxy-di-phonyl sul- 
phone in CS^ and Br (Annaheim, B. 9, 660). 
Yellowish needles. — C,;ill 4 Na.^Br N.^SOg 2aq; 

I orange needles. 

! BROMO.NITEO-OXY- PIPERIDINE - v - CAR - 

BOXYLIC ETHER C,n-(Bi)(NO,){On)N.CO,Et 
[157®]. Colourless x>risms; sol. alcohol. Formed 
by fhe action of Br in HOAc on uitro-dohydro- 
})i{)eridmc-i'-earboxylic ether (Scliottcn, B. 16, 

ok;). 

BROMO-NITRO-PHENANTHRENE v. PiiEJl- 

ANTHUnNH. 

BKOMO-o-NlTRO-PHENOL 

C,H:.Br(NO,)(OH) [l:4:3j. (44°]. Formed, to¬ 
gether with the following body [88 ] by boiling 
(I, 3, 4)-bromo-dUnitro-beu/.one with aqueous 
KOII (Laubeiiheimer, B. 11, 1160). Prisma; 
volatile with steam.—NaA': scarlet needles.— 
BaA'a aq: red noodles, si. sol. water.—GaA' 22 aq. 

' AgA'. 

Broino - o • nitro - phenol CJl3Br(N02)(0H) 

[1;3:4J. [88®]. 

Formation.—1. From j^)-bnmio-})henol and 
IIXO;, (Hubiier a. Bronken, B. 6, 170; Korner, 
G. 4, 388).—2. From o-nitro-plu“iiol (45g.) and 
Br (52g.) (lirunck, Z. 1H/J7, 203).—3. From 
broiuo-(li-nitro*pj[ieiiol (i;. sup.). 

Properties .— Xeilow inoiioclinic laminsQ (from 
alcohol) a;6:c-2-941:l:l*625. ^^G4®2'(Arzrum, 
Z. Kryst. 1, 436); may bo sublimed; v. sol. 
alcohol and ether, slightly volatile with steam, 
llcduccd by Sn and HCl to bromo-ainido-phonol 
(Schiitt, J.pr. [2] 32,61). 

Halts.—Na(C^HgBrNO,); rod needles with 
golden-green lustre, v. sol. water.—KA' 2aq.-* 
BaA'j.- AgA'. 
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Methyl ether CJl 3 Br(NO,;OMe. [ 88 ®]. 
From the silver salt and Mel by boiling; or from 
the potassium salt, MeOH and Mel at 110®. 
Needles. V. sol. hot alcohol or hot etlier, v. si. 
Bol. water (Stacdol, A. 217, 55; B. 11,1750). 

Ethyl /icr C„H 3 Br(NO.JOKt. [ 10 ®) (S.); 
[47®3 (H.). From the potassium salt, Etl and 
alcohol at 100®. Formed also by uitraliiig o- 
bromo-phenetol. 

Benzyl derivative 

C,H 3 Br(NO,)(OC,H,). Yellow needles. 

Insol. water, v. sol. alcohol and glacial acetic 
acid, si. sol. benzene, ether or cliloroiorm (Uoll 
a. Holz, J. pr. [2] 32, 57). lleduccdto broiiio- 
amido-}}4iienol, when treated witli Sn and IlCl, 
benzyl chhuido splitting off. 

Bromo-w-nitro-phenol C^fl,,(l>r) (N O..) (Oil) 
[?:3:1]. [147®] (L.); [110^] (P.). iVrpaivd by bro- 
mination of w-nitro-pheiiol (Pful'f, B. 10,012; 
Lindner, B. 18, 012). Yellow needles. Sublim¬ 
able. SI. sol. hot water, CS^ and petroleum- 
other, insol. cold water. On reduction with tin 
•and nCl it gives »f-amido-phenol, the Ur atom 
being eliminated.—KA' 2ari: red crystals, sol. 
water and alcohol.-- Nait'aij: yellowish - red 
crystals, sol. water and alcohol.—llaA '.3 4a<i. 

Methyl ether A'Me: [lOl^'J; while 
needles, V. sol. alcohol and ether, on reduction 
with tin and UCl it gives /a-anisidine. 

Ethyl ether LtA', [57®j: ))risms. 

Broiho-^-nitro-phenol C,Jli,llr(\0..)(OIl) 
[1:3:0]. [102^J. h’ormod by brominating p- 

nitro-phcnol (Brunck, Z. 1807, 201). Satiny 
needles (from ether or aleoliol); m. sol. water.— 
Ba(C,iH 3 BrNO 3).3 0 a(i: orango needles, m. sol. 
water. 

Methyl ether MeA'. [100°]., From the 
potassium salt, Mel and MoOlJ at 110®. White 
needles (from alcohol). V. sol. hot alcohol or 
ether, m, sol. liot water (Staoilel, A. 217, 00). 

Ethyl ether EtA'. [08"’J (S.) ; [55°] (H.). 
Formed like tlie prectMling (H.). Fromj|Miitj.j- 
phenetol and Br (IJallocIi, B. 14, 37). Yellow 
needles (from alcohol). V. sol. alcohol or ether. 

Benzyl ether C„fI.,Br(NOJ(OC.H;). [120°J. 
Nearly colourless plates (frojii alcohol). Insoi. 
water, sol. alcohol and ether (it. a. H.). Beduced 
by Sn and IlCl to bvoino- 2 >-amido phenol and 

c,n,ci. 

Bromo-di-nitro-phenol C^H 3 Br(N 0 . 3 ) 3 ( 011 ) 

[1:3:6:4]. [80 ] (K.); [71®] (Austen); [70'J 

(Armstrong). Forjiied by nitrating /^bromo- 
phenol in HOAc, or by brominating and nitiat- 
ing o-nitro-phenol (Konier, A. 137, 205 ; Arm¬ 
strong a. Prevost, B. 7, 022). Formed also by 
brominating di-nitro-phcnol [04°J (Kih-iicu*, G. 
4,305); and by boiling di-nitrated ^j-di-bromo- 
benzene with a<iueoiis KNO.^ (Austen, Am. S. [3J 
10, 40), Yellow mouoclinic nrisms, a:b:c~ 
2-795:l:l'778; /8=»07^53' (Arz‘runi, he. ciL). 

Water and Br at 100® change il»into tlio iso- 
meride [118®J (Armstrong, C. J. 28,520). 
forms picric acid. 

Salts.—NH,A': silky red needles; sol.boil- 
ing water and alcohol. - Nil,A'aq. -BaA'.^: yel¬ 
low needles, sol. hot water.-- CuA'^: rhort brown 
needles, insol. water.—KA': long red needles, si. 
Bol. water.—AgA'.— CaA'jSaq. 

Ethyl ether EtA' [00°]: small needles, 
•ol. alcohol and hot water; saponilied by cold 
VoL. I. 


60S 

NaOFlAq (Schoonmoker alVan Mater, Am. 8 , 
187). 

Bromo-di-iiltro*-pbeaol CaH 3 Br(N 03 } 3 ( 0 II). 
[91*5®J. Formed by nitrating jn'bromo-pheuol^ 
and also from di-broiiio-di-iiitro-pheuol [117®] 
and boiling aqueous KOH (Korner, G. 4, 305). 
Prisms (from alcohol or ether). The K salt 
forms yellow needles. 

Methyl cf/tcr MoA'[101* ]. 

Bloitto • di - nitio - phenol 0,1 r,.Ilr(NO,.)..OXI 
[1:3:5;0J. [118®J. * 

Foniuituni. —1. From (1,3,4)-di-niiro phenol 
and Br (Laurent, Uev. Srieiit. 0, 05). -2. By 
nitrating o-bromo-pheiiol (Korner, f/. -t, 3111).— 
3. From o-uitro-phonol , by brouhnatioii and 
nitration.—4. By boiling br(jiiio-di-iutrn-anilino 
[144°] with aqueous KOll (Koriiei).—5. By 
nitraliug br^minated plieiiol disuiphouic acid (^r 
di-broniinated phenol 2 >*«ulphouic acid (Arm¬ 
strong a. Brown, O'. J. 25, 801, Hti.'i).—0. By 
warming the isomerido [c. 7C®J with Br and 
water (Armstrong, G. J. 28, 520). -7. From 
picric acid, water, and Br (Armstrong, B. 0, 050). 
8 . By nitrating tri-bromo-phenol (Armstrong a. 
Harrow, C. J. 20, 477),—0. From hromo-nitro- 
ben/.yl-phenol in llOAc by UNO;,: heii/yl being 
displaced by NO .3 (Keuiiie, C. ,}. 41, 225). 

Brtipertiea .—Yellow prisms. Needles (from 
alcohol). 

Sails.—K.\'aq: llat yellow needles, si. sol. 
cold water.—KA'Uaq. JiaA./31aq. BaA'.-laq. 
—BaA '3 oaq : yellow needles, si. sol. water.-— 
— CaA '3 7aq. — CaA '3 8 a(i. - - (’a.V^ I2aq. — 
Nil,A'2u<x.~Na.A' I laq.— rbA '3 2.up 

Methyl ether MeA'. [48°J. i'’roin hromo- 
anisic acid and HNO;,. Yellow prisms, sol. alco¬ 
hol and ether, insol. water (Balbiano, G. 14,235). 

Di-bromo-o-nitro-phenol C.Il .BrdNO^jlOll) 
[1:3:5:01. [U7‘5®J. ‘ ‘ 

EoniuiUifii. —1. From o-nitro-pheiiol and Br 
(Brunck, Z. 1S07, 203 ; Korner).—2. From 

(l,3,4,)-(ii-hroruo-|dieiioi by nitration (K.).—.3. 
By nitrating di-bromo-pbonol sulpbonic acid 
(AriJistrong a. Brown, G. J.'2i>, 803). 

Prujiav/b).*?.—Golden monocliiiie jn isms (from 
alcohol); «:5:c=»'515:l:'51)l; —05'23' (.Arz- 

! rmii, Kryst. 1, 430). Volatile with steam; 
may be sublimed; v. .si. sol. water. Iloatcd 
with bromine at 100 ° it gives some of the iso- 
luerido [141°] togotlier with 1. tra-broino-quinone 
and (l,3,G)-bromo-nitro-p]ienol (Ling, G. J. 51, ‘ 
147). • , 

Salt.—KA': scarlet needles, v. si, sol. cold 
Vater. * 

Methyl ether McA'. [77°]. From tlio 
silver salt and Mel; alcohol c Nil, eonvmfs it 
iuLodi-broino-nitro-ai ilino [127°J wbciico UNO., 
gives <li-biomo-nitro-benzcne [105°| (K.). 

hlLhylethcr EiF. [40°]. Fromlliesilver 
salt, Etl and alcohol in. 100' (Stacdel, A. 217, 
58). V. sol. benzene, alci^iol or ether, insol. 
water. 

Benzyl ether C„H 3 Br. 3 (N 0 . 3 )( 00 ,fI.), [65®]. 
Y(dlow crystals (from ether). * Sol. benzene, 
chloroform, and glacial acetic acid, iri.sol. water 
(li. a. H., J,pr. [2] 32, 57). lleduced by Sn and 
IlCl to di-bromo-amido-phenol and benzyl 
chloride. 

Di-bromo-wt-nitro-phenol CJl 3 Br 2 (N 03 )OH. 
[94°]. Formed by heating m-nitro-plic 3 nol (1 

QQ 
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mol.) with bromine mola.). Yellowish plates. 
V. sol. alcohol, si. sol. water. 

Salts.—KA^ aq: easily solable orange-red 
needles.—AgA': sparingly soluble red powder.— 
BaA'jbaq : very soluble red noodles. 

Ethyl ether C„K,nr,(NO,)()liU: [110®]: 
yellowish needles, sol. hot alcohol (Lindner, B. 
18, cia). 

' Di-bromo p-nitro-phenol CJI..Br.(NO.j)(OII) 
[LiK.'fM)]. [1-12®] (Lcllinann a. drothmailn, B. 
17, 27;ll). 

Formation. —1. Cy brominating 
phenol or its snlphonic acid (Urunck, 1807, 
201; Porf't a. Bmckelmscb, .d. 205, 01). 2. By 
nitraling tri^bromo-plienol dissolved in liO.Vo 
(ArinsU'ong a. Harrow, loc. cih).—3. In small 
quantity by licating tlic iaomeridc [117®] witli 
Br (Ling. C. J. 51, 117). 

Properties. —Prisms, si. sol. \vater, v. sol. 
alcohol and ellmr. 

S a 11.—BaA'« 10 aq: yellow needles, clTervcs- 
cing to a red powder. lhiA^3.\aq.— AgA'. 

Methyl ether ^U'Mi [12.5‘^1 (Komcr, <7. 4, 
300). l'’rom didiromo-aniaio aci<l and HNO.„ 
the COJl being displaced by NO^ (Balbiano, G. 
11, Oh I’yrarnidal neccllos; converted by NH^ 
into di-bromo*p-nitro-aniUne [203 ’]. 

Ethyl ether [lOH®]. Long quadratic 
columns (Stacdel, A. 217, 67). 

Benzyl ether CJLBr,(NO,)(OCJr,). [9-1®]. 
Nearly colourless needles (from alcohol). Insol. 
water, si. sol. alcohol, ether, benzene, chloro¬ 
form, and glacial acetic acid (U. a. H.), Heduced 
by Sn and IICI to di-bromo-p*amido-plienol (q. v.) 
and benzyl oliloride. 

Tri-bromo-nitro-phenol C HPrafNO ,).OTl 

[6:4:2:3:l]. [85®] (L.); [89®] (D.). I’ormod by'heat- 
ing w-nitro-phenol with Br (.3 mols.) at 100® 
(Lindner, B. 18, 614). Colourless crystalline 
powder; v. Bol. alcohol, other, and be.izene, v, 
si. sol. hot water. 

Salts.—A'NH,: sparinglyy soluble niicro- 
Bcopicnceilles.- A'Kaq: v.sol.water.-'/AhBc 8aq: 
sparingly soluble orango-yeliow crystals.— 
Ahllaaq.—AhMgn : easily soluble red plates. 

o-Nitro-henzoiil de. rival i v e 
CuHBr,(NO,)O.CO.Ojir,(NO,); [129^ cor.]; very 
small colourless needles. 

m-Nitro-benzoyl derivative 
C,HBr,(KO,)O.CO.O,H,(NO,): [151® cor.]; glis- 
*tening colourless needles; S. (90 i;>'C. alcohol) 
■263 at 14® (Daccomo, B. 18, 1167). 

Ethyl ether EtA': [*^9®]; prisms. 

BR0M0-NI'*'R0-PHEN0L STJLPHONIC ACID 
C,H,BrNSO„i.f.'C„HBr(NO,)(OTT)SO,H [1:3:6:5]. 
Formed, together with di-bronm-nitro-phenol, 
by brominating (I, 4, 3).nltro-pbenol sulphonic 
acid(Posta.Braekebusch, ^1.205,92).—CaAhOaq. 
—BaA',3aq.-CJI,BrNSO,(PbOH),2’aq. 

Bromo-phcnol snlphonic acids liave been 
obtained by Armstrong (C. J. 25, 857; B. 
7, 401,024) anil I’osV {li. 7,169) by the action of 
nitric acid on various brominated phenol sul¬ 
phonic acids, and by the action of bromine on 
(1, 2, 5)-nilro-phenol siilplionic acid. 

BaOMO-NITKO-DIPHENYL CpIInBrNO.. i.e. 
[4:1] C„H,Br.C,H^(NO,) [1:4]. [173°j. (above 

360°). Fonned by heating diphenyl (I pt.) with 
cone. UNO, (I pt.), or from amido-nitro-diplienyl 
by the diazo- reaction (Schultz, A. 174, 218). 
Long white needles (from toluene). CtO, gives 


p-bromo-benzoic acid and a littlep-nitro-benzoid 
acid. 

Bromo-nitro-dlpheayl O.aHaBrNOa t.«. 

[4:1] C«H,Br.C,H,(NO,) [1:2J. [65®]. (o. 360®). 
I^rmed together with the preceding. Monoclinio 
columns. CrOj gives p-bromo-benzoio acid 
(Schultz, A. 207, 348). 

D i -bromo -nitro -diphenyl 
CJI,Br.CJI,Br(NO.,). [127®]. Formed by nitra¬ 
tion of di-bi'omo-diphcnyl in acetic acid solution 
(Lcllmann, B. 15, 2837). Yellowish crystals; 
V. sol. alcohol, benzene, and acetic acid. 

Di-bromo-di-nitro-diphenyl C, 2 HflBr 2 (NOJj. 
From pp-di-bromo-diphenyl and fuming HNO;, 
(Fittig, A. 132, 206; S.). Hair-like^'crystals 
(frojn bon/one). Sii and KCl give di-bromo-di.* 
umido-dipheayl [89®]. 

Di-bromo-tri-nitro-diphenyl 
C«H 3 Br(NO,).CJT 1ir{NO.,).. [177®]. Formed by 
nitration of di-bromo-diplionyl with cold fuming 
UNO, (1-55) (Lcllmann, B. 15, 2838). Small 
colourless nctHlles. Sol. benzene, si. sol. alcohol. 

BROMO-NITRO-PHENYL ACETIC ACID 
C,.I4Br{NO.,)CIf.2CO.,n [1:2:4]. [114®]. Formed 
by uitrutiou of a mixture of o- and p-bromo- 
phenyl-acetic acids (l>(?dson, 0. J. 37, 97). Flat 
greciiish-yollow needles. Sol. hot, insol. cold 
water. V. sol. alcohol and etlier. K.CraO, and 
H„SO, give C,IIBr{NOo)CO.,n [199®]. ■ 

Salts,—BaA\. aq. Itsafiueous solution gives 
white pps. with AgNO., rb(OAc) 2 , and a blue 
pp. willi Cu(OAc) 2 . 

Methyl ether. McA'. [41®]. Needles. 

Ethyl ether. Oil. 

(a)-Bromo-nitro-phcnyl-acctic acid 
CJI,I ;r(NO ,)C1 r,.CO,lI. [169®]. Formed by 

nitration of. mixture of o-and p-bromo-phenyl- 
acetic acids (Bedson). Ycliowish-white, branch¬ 
ing needles. V. sol. alcohol and ether, insol. 
cold, sol. hot water. 

Salt.—BaAVhiq. Its a(iuuons solution gives 
whito pps. witli AgNO^ and l^b(OAc) 2 , but h 
gie(‘n pp. with Cn(()Ac) 2 . 

Methyl ether [OB®!. Flat needles. 

Ethyl ether. Yellowish needles. 

(j8)-Bromo-nitro-pheiiyl-acetic acid 
C.,H,Br(NO,)CU.,.CO,Ii. [162®]. Foi-mod toge¬ 
ther with tile two preceding (Bedsou). Small 
yellow prisms. 

BROMO-DI-NITRO-DI-PHENYL-AMINE 
C,..H„BrN.,0,i.r.C,n,ar(N02)2.N ILCJIv Phmyl- 
broiiw-nifro-phenyl-amine. [120®]. Formed by 
warming brorno-di-nitro-boiizeno [100®] with 
aniline (Austen, B. 9, 920). Orange hair-like 
needles (frojn alcohol). 

Bromodi-nitro-di-phenyl-amine 
C,iH,Br.NH.C„H3{N02)2. Bromo-phcnyl-di-nib'O’ 
phenyl-amine. [153®]. From (1, 2, 4)-bromo- 
di nitro-benzone and di-p-bronio-di-phcnyl-urea 
at 170°. Yellow needlcil (from ether) (Willge- 
rodt, B. 11. 6C:1). 

^Bromo-tri-nitro-di-phonyl-amine 
C,H2Br(N02)2.NH.C«H,N0... [158®]. From bromo- 
di-nitro-di-phenyl-amine [120®] and HNO# (A.). 

Di-bromo-dl-nltro-di-phenyl-amine 
C,,,H,Br2(N0,)2N. [196°]. Formed by bromina- 
tion of di-nitro-di-phenyl-amine (Leymann, B» 
15, 1230). 

Di-bromo-tetra-nitro-di-phenyl-ammo 

CABr(NOjJ,.NIi.O*H^r(NOa)p [236°.fl42°]. 
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Prom NMe(0«H»Br,)(0,H,Br) and HNO,(Gnehm, 

B. 8, 920). Laminffi (from HOAc). 
TTi*bromo-di>nitro-di>plienyl-amine 

Oj2HfiBr,(NOu)aN. [210^^]. Pormedby nitrotin" 
tetra - bromo • di - phenyl - amine (C^H^Br^).NH 
(Gnchm a. Wyss, B. 10, 1I>23). 

BROMO-NITRO-PHENYL BENZYL OXIDE 
r. Bhomo-nitko-phenol, Benzyl ether. 

DI - BROMO - NITRO- PHENYL-CARBAMIC 
ACID. Methyl ether 
[1:3:4] C,H,13r,(NO,).NII.CO,Mc. [152°]. I’roiu 
methyl-(l,3,l)-di-bromo*phcnyl-carl)iim.at,o and 
HNO3 (Hentschcl, J. pr. [2J 34, 42>). Prising 
(from alcohol). NTTj forms (i,3,l)-di-bromo- 
anilinc. 

BROMO-NITRO-w-PHENYLENE .DIAMINE 

C«H,BrN,().^ i.e. C,;HJh'(NO,)(Nn,), [1:2:3:51. 
From tri-bromo-nitro-benzono and alcoliolioNIT;, 
for some days at 175^ (Konicr, G. -1). Oranj'C 
needles; decomposes at 103°. Converted into 
2>bromo*bcnzcn(.! by the diazo- reaction. 
Bromo-nitro-p-phenylcne-diamine 

C, .HBr(NO,)(NJl,)., [1:1:2:51. [150°]. Fioni tri- 
bromo-nitrodKOizenc [94°j and nloobolic Kllj at 
110° (TCornor, Cr. 4). Pyramidal needles. Con* 
verted by diazo- reaction into 2)-bromo-beii7.ciie. 

BROMO - NITRO - PHENYL - ETHANE v. 

BnOMO-NITRO KTflYL nKNZRNF.. 

Di-broino-di-nitro-i-di-phenyl-etliane 
CJI^{NO,).CHBr.CllLtr.CJl,.NO,. [al.ujvo 300°]. 
Di-broinido of dip-nlfro-stilhenc. Split up by 
heat into 21(Br atid di-nitro-tolano (Plbs a. 
Bauer, tl.pr. [2] .31, 315). 

Di-bromo-di-nitro-.s-di-phenyl-ethane 
0,4H,„Br.(NO.Ja. J)i dtvomo-di-iiUro-dl-hcnzyl, 
[205°]. Formed by nitrating di /j-biomo-di- 
benzyl (Fitth^ a. Stellinj^, A. 137, 200). Sword- 
ehaped crystals (Erom benzene). 

BROMO-NITRO-PHENYL ETHYL OXIDE v. 

Ef/iVMiKOMO-.MTUO-PHKNOL. 

aa-DI-BROMO-am-DI-NITRO-o.-PIIENYL- 
METHYL-CARBINOL. 

Ethyl ether CBr,{NO,).CTr(C.Tr,NO,,).Or:t. 
[99°]. —1. From the compound of alcoliol witli 
am-di-nitro-cinnamic ether (^/.7\) by simultaneous 
treatment with afpieons NaOII and Br (iM-iod- 
Itindor a. Lazarus, A. 220, 237).—2. From w-):i- 
di-nitro-styreno, alcohol, aqueous MaOH andilr. 
White idutes (from dilute alcohol). Insoluble 
in aqueous KaOll. 

Methyl ether Cnr,(NO,).CII{C.U,XOJOMc. 
[146°]. Formed in a similar way from tlie com¬ 
pound of methyl alcohol witli tlic same body, i)r 
from oj-m-dimitro-styivne, mctljyl alco!u)l, lh\ 
and aqueous NaOlI. White ])lates. 

BROMO - NITRO - PHENYL - METHYL- 
KETONE V. BnoMO-MTUO-ACKTOPlIKNoNK. 

p.BROMO o-NiT30-/3.PHENYL-PR0PI0NIC 
ACID Cjr,(Br)(NO,,)C,-ir,.CO,ll [4:2:1!. Bromo. 
iyitroAiydrochinamic acid. [Il2 ]. l*i:( )>are(l l)y 
Ae action of IlBr on tl'odinzo-fompouml from 
p-amido-o-nitro-hydrocinnamic acid. For^^icd 
together with the (4,3,1)-isoincridc by nitration 
of jj-bromo-liydrocinnamic acid. Flat feathery 
crystals. By reduction with tin and JJCl it 
gives p - bromo • bydrocarbostyril ((iabricl a. 
Zimmermann, B. 13, 1082). 

n-Bromo-f/t-nitro-jS-phcnyl-propionic acid 
OA(Br)(NO,).0,H4.CO,TI [4:3:1]. [DO '-95°]. 
Long glistening needles. Prepared as above. 
On reduction with tin and HCl it gives p-bromo- 


w-amido.hydroqjnnamio acid (Gabriel a. Zira- 
mermann, B, 13,1683). 

B-Bromo-o-nitro-B-phenyl-propionio acid 
CJI,(NO,).CHBr.CH,.COJI. [110°]. From o- 
nitro cinnamic acid, HOAc, and IIBr at 100° 
(Kinhorn, B. 10, 2208). Monoclinio crystals; 
V. sol. ordinary solvents, si. sol. benzene. 

Reaclionfi.-~\. Boiliny wafer forms indosyl. 
2. NiiOllAq forms nitro-cinnamic acid.—3. Cold 
Na.COjAq forms tiio lactone of o-nitro-i8-oxy- 
plienybpropionic acid.—1. Hot Na/’0,Aq gives 
nitro-cinnamic acid, lutro-oxy-phcnyl-propionio 
acid, and o-nitro-styrene. 

j3 Bronio-?a-nitro-0-phenyl.pronionic acid 
C,n4(NO,).CHBr.CI4COJI. [95 'j. Prepared by 
healing an acetic acid solution of m-nitro-cin- 
naniic acid with IIBr at 100'. V. sol. alcohol, 
si. sol. loliiHio, insol. ladroleum-ethor. 

Tieaciions. — 1. By boiling witli water it 
chiefly gives w-nitro-styreno. •2. An excess of 
alkali converts it back into ?/M)i1ro-eiimamic 
acid.—3. By adding tlie powdered acid to an 
aqueous solution of .* mol. of NaXlO,, it yields 
30 p.c. of 7u-nitro-styrene, 20 p.c. of m-iiitro- 
cinnamic acid, and 10 p.c. of 7«-nitro-j3-oxy-j9. 
phenyl-propioiiic acid. If the powdered acid is 
added to a cold solution of Na/JOj the f3.1aclono 
is formed (Pransnitz, B. 17, 595). 

/3-Bromo-/;-nitro-phenyl-proi)ionic acid 
C„Jl,(NO.,).OJlPr.CH,.Ct)JI. [172 ']. Pro])aredby 
heating p-nitro-cinnamio ether with llBr at 
100'. Prisms; sol. hot alcohol, b 1. sol. water 
and benzene. 

lieactiona. — 1. Long boiling with dilute 
II.SO, (25 p.c.) rcconvorts it into p-nitro* 
cinnamic acid.—2. Heated with wafer it yield-s 
p-nitro'^-oxy-phcnyl propionic acid (72 p.c.) and 
p-uitro-styreiie (28 p. c.).— 3. Cold jKjueous KOH 
gives p-nitro oxy-phenyl-propionic acid and its 
lactone. Alculiolic KOll yield.s almost (mtiroly 
2 >-iillro-ciin:ainio acid.—1. Aqueous Nil., yields 
the lucto’'e which by excess of Nil., is converted 
into the concsi)onding amide- acid. 

Ethyl ether A'Ft. [81°]; colourless plates 
(Basler, B. 1(», :5()01). 

Di-bromo-o-nitro phenyl-propionic acid 
CJ-I.,(NOJCHBr.CliBr.COJI. Dihromide. of o- 
nitro-cinnamic acid. [c. 180']. From Br and 
o-nitro-ciunamic acid (Baeyer, U. 13, 2257). 
Needles or platc.s; sol. hc« water. NaOTI.\q 
gives o-nitro-phonyl-propiolio acid. Zinc-dust 
and NaOH*i.p\' indoi.;. 

Methyl ether MoA'. [90']. 

Ethyl ether Ft.V. [7j.° uncor.] (M.) 
Ftom o-nitro-einnamic ether and Br (Muller, A. 
212, 130). Alcoholic KOH converts it into o* 
nilro-phenyi-propiolic acid. Healed with water 
at 120 ' it gives o-nitro-cinnamic acid. 

Di-bromo-p-nitro-piienyl-propionic acid 
CJI,(NO.,)CHBr.CIIl;r.CO,j:[. [218"]. From p- 
j^tro-cinnamic acid aad tfr (Hrewson, A. 212, 
J5l). Rhombic prisms (from glacial HOAc). 
M. sol. water or glacial HOAc, v. sol, alcohol or 
ether, si. sol. benzene, v. si. sol. benzoline. 
Aqueous NaOII forms p-nitro-cinnainio and p» 
nilro-phenyl-propiolic acids. — CaA'^. 

Ethyl ether hUA'. [111°]. Fromp-nitro* 
cinnamic ether and Br in CS 2 (0. L. Muller, A. 
212, 129). Columns (from CSj; v. sol. hot al¬ 
cohol, etlier, or benzoline. Alcoholic KOH coa- 
verts it into a mixture of two isomeric bromo-p* 

Q q2 
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nitro-omnamia etbclg, and jp-nitro-phenyl-pro- 
piolio acid. Heated with water at 120” it gives 
p-nitro-cinnamio acid. 

BROMO-HITEO-PHTHALIC ACID 
C,H,Br(N 02 )(C 0 ..H)j [1:4;2:3]. From di-bromo- 
naplithalcne [B 2 “] and HNOj.— Na.jA'' (Gtuares- 
chi, A. 222, 277). 

• «.BEOMO-<»-NITRO-PEOPANE 
CH 3 .CII...CHI 3 r(NO,,). (o. 160"). Formal to¬ 
gether with di-bromo-iiitro-nropano by the action 
of potasli and Br on nitro-propane (V. Meyer a. 
Tscherniak, A, 180,116). Oil, sol. potash. 

a-Erobio-a-nitro-propane Cn.|.CBr(NO..).CII.,. 
(160"). Froi.iCH,.ClI(NO,).CU,. Insol. potasli. 

Di-bromo-nitro-prdpano CfIj.ClI.CUr.iNO.). 
(181°-186“). From bromo-nitro-iiropane, Br, and 
potash. An oil, insol. potash. 

TEI-BROMO DI-NITEO-PEOPitiNIC ACID 
C 3 nBr:,N..O„ i.e. CBr 3 .C(NO.,),.CO.,H. From tri- 
bromo-phlorogluciii and cone. IINO3 (Bnncdikt, 
A. 184, 265). Silky scales, insol. cold water, 
V. e. sol. alcohol and other; decomposed by boil¬ 
ing water. 

BROMO - NITRO - PROPYL. BENZENE tr. 
Bko^to-nitro-cumene. 

BROMO-NITRO-^PROPYL-PHENOL v . Buomo- 

CUMENOL. 

DI-BROMO-DI-NITRO-PYRROL 

CBr:C(NO,.)v 

O^HBr^NA i.a. | >NH. [1C9°]. 

CBr:C(NO.,)/ 

Formed by dissolving di-bromo-nilro-i)yrryl 
methyl ketono [ 20 G '^1 in a mixture of fuming 
HNO 3 and cone. H.^SO, at —18 and prcciiuta- 
ting in water. Silky leallets (containing aq). At 
the ordinary temperature it is converted into di- ; 
broino-malcimide (Cianiiciau a. Silbor, Ti. 20, j 
609; (h 17, 262). ! 

DI-BROMO-NITRO-PYRRYL METHYL KE- 
CBr;C(NO,) 

TONE I >NH . [200°]r Long needles. 

Cilr:C-CO.CH 3 * 

Formed by the action of cold nitric acid 
upon di-bromo-pyrryleiic-di-mc'lhyl-di-ki tone 

CBi:C—CO.Olfa 

I >NH , [171°], which is fonned by 
CBr:C CO.CH3 

passing bromine-vapour into pyrryleuc di-methyl 
di-ketono (fMartiicvm a. Silber, JJ. 20, 609). 

Di-bromo-nitro-pyrryl mtthyl ketono 
CBr ; CBr ^ 

I >NTI . [l'fc°J. Prom nitro-pyrryl 

C(NOn):C-C(HOH, 

inethyi ketone [l97°] and Br. Needles. 

BE 0 M 0 -NrTRaQRIN 0 LINEa,H,N(Br)(NO 2 ) 
[133°]. Formed by nilraVon of bromo-quinolino. 
Long glistening lU'cdles. Volatile untlecoin- 
posed. Sol. alcohol and ether, si. sol. water. 
Weak base. -B'.dLCljVtCl.,: short orange-yellow 
prisms (La Costc, JJ. 16, 1918). 

DI-BROMO-NITEO-ftDINONE ' 

C.HBrj(N 0 J 03 [6;2:S:4:1]. [246°J. Yellow plates; 
V. sl. sol. hot water and cold alcohol. Formed 
by the action of a mixture of IINOg and II.SO^ 
upon the propionyl derivative of tri-bromo- 
phenol (Guarcschi a. Baccomo, I). 18,1171). 

BROMO-NITRO-BESOBCIN Ethyl ether 
CJl,Br(NO,)(OH)(OEt), [114°J. From ethyl 
(1, 2 , 4)-nitro-resorcin oud Br (Wesolsky, JT, 
1, 898). 


Bi-bromo-nitro-resoroin C«IIs,Br,N 04 <.e. 
CjHBr 2 (NO,J(OHJ,. [147°]. From (1,2,4)-nitro* 
resorcin [115°] in ether and Br (Wesolsky, A» 
1C4, 7). Golden laminoj.—Ba{CBn. 2 Br 2 NOj 2 daq. 

Elhijl ether OoHBr2(N02)(OEt)(OIl) 
[t:5;3:2;6]. [G9°J. From ethyl nitro-resorciu and 
Br (W.). 

Di-bromo-nitro.resorcin CJIBro(N 02 )( 0 H), 
[1:3:6:4;6]. [117°]. From (1, 2, 6)-nitro-rcsorciu 
and Br (W.). 

Bromo-di-nitro-resorcin C^H]k(NO.J.(OH)j. 
[193^]. Formed by nitrating di-bromo-nitroso- 
resorcin or by brominating di-iiitro-rcsorcin 
(Fevre, Bl [2] 30, 690; C, Jt. 96, 790: Typke, 

B. 16, 555). Orange noodles; sl. sol. boiling 
alcohol. - K.A" .',aq: red needles.—Na.,A"2aq.— 

I BaA"3aq.-(NH,),,A'hui. 
j Acctijl derivative: [135‘^]; prisms. 

I BROMO-NITRO-SALICYLIC AClD v. Bbomo- 
K iTKo-ox y-n i: n »ic ac 11 ►. 

DI-BROMO-NITROSO-RESORCIN 
; C,IJBr.(NO)(On).^. From nitroso-resorcin and 
Br (Fevre, Bl. [2J 39, .091). Yellowish needles 
(containing 2aq) wdi’cli turn brown at 138' and 
decompose at 150'"; insol. benzene, sl. 80 I. cold 
water, v. e. sol. alcohol. 

BROMO-NITROSO-THYMOL 

C, iITMerrBr(NO)(OH). [c. 135°]. Fromnitroso- 
thymene ami l.>r(Maz/araa.i)efioalzo, 6'. 16,190). 

BROMO-NITRO-STYRENE l>li.OBr:CHNO,. 
[68 ‘j. From di-bromo-nitio-plicnyl-ethano 
FhCBiTI.OIfBrNtX, and aqueous NaOlI (Briebs, 
A. 225, 313). Golden needles or plates (from 
light petroleum). »Sniolls something like hay; 

I when freshly ppd. from alcoholic solution by 
1 water it is soluble in alkalis, hence its consti¬ 
tution is Hi* above, rather than l’Ji.CH:CBr{NO;^). 

l)I-BROMO-Dl-NITKO-THIOPIIENE 
C,SBr.(NO.;).- [134°J. Light-yellow crystals. 

V. sol. hot alcohol. Formed by niualiou of di- 
or tri-broino-tlilophenc (Kreis, B. 17, 2074; 
;.ose.nb(‘rg, B. 18, 302'.)). 

' TRI-BROMO-NITRO-THIOPHENE 
C,SI{r,,(NO.J. [1.06°J. Formed by nitration off 
tri-broino-thioiihene. Fel(« (l yellow needles. V. 
sol. ether, sl.sol. alcohol (BosonbergjB. 18,3028). 

BROMO-NITRO-TllYMOL 
I CVflMePrJh(NO^)^Oll). [101°]. From bromo- 
. nitroKO-thymolaml K.,FeCy, {Mazzara,(7.16,196). 
i BROMO-NITBO-TOLUENE 
j C..U;,Mc(NO.)Br [1:2:3]. Oil. From bromo-nitro- 
■ m-loliii(lino by nitrous gas and alcohol (Nevile 
a. Wintber, C. J. 37, 630). 

I Bromo-nitro-toluene C,,H;,^ro(NO.JBr [1:3:4]. 
t [32-"J. (256"). y.G. 1- 1-631. From the corre- 
i spondingnitro-toluidinc by the dijuo-porbromide 
i reaction (Nevilo a. '\Vijither, C. J. 37, 442). 
I Formed abso by nitrating ^-bromo-toluene 
! (Wrobicwsky, A. 168, 176) and by treating wt- 
nitro-tolueno with Br aiid FcBr, at 70° (Scheu* 
I'elen, A. 231^-^80). 

Bromo-nitro-toluene C«IT;,Mc(N02)Br [1:2:4]. 
[46°J. (257°). From tho corresponding nitro- 
toluidine [78°] by the diazo-perbromido reaction 
(Beilstein a. Kuhlberg, A. 158, 340; Nevile a. 
Winther, C7.«/. 37, 441). Formed also, together 
with the preceding, by nitratingp-bromo-toluene 
(W.). Large monoelinic tables. 

Bromo - nitro - toluene CuH3^^e(N0.2)Br 
[1: 2or6: 3J. [55°]. (207°). Formed by nitrating 
w-bromo-toluene (W.; Grete, A. 177, 246). 
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Xrimetric crystals; on reduction it gives bromo> 
0 toluidine. 

Bromo-nitro-toluene C^H 3 Me(N 0 a)Br [1:4;2]. 
[77®]. From C,H,(CH,)Br(NO,)(NH,) [l:2:4:o] 
(Kevile a. Winther, C. J. 85). From ^-nitro- 
toluene, FeBr,, and bromine (Scheufelcu, A. 231, 
171). Also from dia;^o-mtro-tolnone inperidkle 
C..II,Me(NO,).Nj.NC,l£,^ and boiling HBrAq 
(Wallach, A. 235, 218). Needles. 

Bromo-nitro-tolueno C,iH.iMo{N 02 )Br [1:3:0]. 
[78'-']. From jn-nilro-toUieno.FcBr., and brojiiiiie , 
(Seheufelen, A. 231, 170). From (3, 1, 0)-nitro- ! 
o-toluidine (N. a. W.). I 

Bromo-nuro-toluene C.H 3 Mc(NO.)Br [1:3:.5]. i 
[81°]. (N. a. W.); [8(3°] (W.); (270"). Forniod 
(a) from bromo-nitro-^-toIuidine f05°j, {h) from 
nitro-(5,1,2)-bromO'0-tolnidine [143"}, or (c) 
from bromo-nilro*o-tolnidiiie [181°] by tlic usual 
methods (Nevile a. Winther, C. J. 37, -131 ; , 
Wroblewshy, A. 102, 203). Hence it can be 
prepared from a mixture of acetyl o- and p- \ 
toluidines by successive bromination, nitration, : 
saponification, and diazotisation. j 

Bromo-di-nitro-toluene C,jn2Me(N02)i.Br. 
[104°]. From w-bromo-tolueno and fuming 
UNO, (Grote, A. 177, 258). I 

Di.bromo-nitrO'toluene C,;HjjMo(NO.,)Brj! 
[l:4or6:2:3]. [c. 57"]. From C,,lI,(CIT,)nr2[2S°J | 
by nitration (Nevilc a. Winther, C. J. 37, 434). | 
Di-bromo-nitro-toluene C^H..l\re(NO.>)Br 2 ' 
[J:4:2:6J. [58°]. From C«H(CTI.,)(NJU(NO,)Br 2 
[124°-130°j by etliy] nitrite (Nevilo a. Wintlior, 
C.J. 37, 445). Also from (2,4,l)-bromo-nitro- 
toluene, FeBr^.andBr (Scluuifelon, yl. 231,178). 

l)l>bromo>nitro-tolueue C,irr.AIc(NO,)Br 2 
[1:5:3:4]. [63°]. From bromo-nilro-toluidine, 
C„H2(CU3)(N02)(NH,.)Br [1:5:4:3] by diazo-por- 
bromide reaction (Nevilo a. Winther, 0. J. 37, 
417). Colourless plates (from alcohol). 

Di - bromo - nitro -toluene C,;H.,^fe(NO.)Bra 
[1:3:2:5]. [70°]. I^rom broino-nitro-o-tolnidinc, 
[143°], by diazo-perbromido reaction (Nevilo a. 
Winther, C, J. 37, 448). 

Di - bromo - nitro - toluene CJI.MeBr.fNO^) 
[1:4:6:2 ?]. [80 ']• By nilrating di-brojno-lolut*nc 
from di-bromo-iH-toluidinc, [75°] (Nevilo a. 
Winther, C. J. 37.441). 

Di - bromo - nitro - toluene CsIOr{!(N02)r>r^ 
[1:6:3:4]. [87°]. Formed by nitrating the cor¬ 
responding di-bromo-tolueno. Converted by 
reduction and diazo-reaclIoninto(2,4,5,l)-tri- 
bromo-toluene [113°] (Nevilo a. Wijithcr, C. J. 
39, 83), 

Di -bromo-nitro-toluene C„H..Mo(NO.)P>r 2 
[1:4:2:5]. [88°]. From C„IL(Clf,}(KO,)(N Il,)Br, 
[181°j by the diazo-poi broinido reaction. Forincd 
also by nitrating CJI;,(CH 3 )Br. [1:2:51- Con¬ 
verted by reduction and diazolisation into (2, 4, 
d, 1)- tri-bromo-loluono [113°] (Nevilo a. Win¬ 
ther. C./. 37, 445; 39,83). • 

Di • bromo • nitro - toluene CJIjMe(NC^)Br 2 
[1:3:5:6]. [106°]. From bromo-nitro-o-tolui- 

dine, [181°], by exchange of NIH for Br (Nevilo 
a. Winther, C. J. 37, 433). 

w-Di-bromo-nitro-toluene CriH,.CBr2(N02). 
JPh$nyl-di‘br(ymo-nitro-mcthanc. Colourless oil. 
Formed by the action of bromine upo?» an 
aqueous solution of the di-sodium salt of nitro- 
benayiidene-phlhalide 
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CO 


>° 


mi 


Volatile with 


steam (Gabriel a. Koppe, B. 19,1146). 

Di-bromo-di-nitro-toluene C,.llMc(N0.2)...Br,. 
[158’’j. Formed bynitrating C,Jlj(Cll 3 )Br 2 , [*39°J 
(Nevilo a. Winther, C. J. 37, 437). 

Di-bromo-di-nitro-toluene C,iIlMe(N02)2yr, 
[105°]. Formed nt the same li:no as the i)re- 
coding (N. a. W.). ^ 

Di-bromo di-nitro-tolueno C,iHMp(N02)..Brj 
[1:?;?:2:(V1. [101°], By nitration of (2, 6, 1)- 

di-bromo-tolueno (N. a. W.). 

Tri - bromo - nitro - toluene C llMe(N02)Br, 
[1:4:2:5:6]. [106°]. Fi jm di-hninio-nilro-w- 

toluiiUne, [125 -130°J, by tlio diazo-perbromido 
reaction. AVhito needles (Nevilo a. Winther, 
C. J. 30, 85f 

Tri - bromo - nitro - toluene C,;TTMc(NOJBrs. 
[107°], [l:a:;:2:3:4]. Formed by nitrating tri- 

bromo-tolucne, [44°] (N. a. W.). 

Tri - bromo - nitro - toluene CJlMe(NOJBr, 
[1:3:2:1:6]. [215°]. Fonned by nitrating tri- 
bromo toluene [70°J (Wroblewsky, A. 168, 195). 

Tri - bromo-di - nitro -toluene 0„Me{ .\' 

[1:?:?:2:3:4]. [217°-22t)°J. Formed by nitrating 
tri-bromo-toluene [44°] (Nevilo a. Winther, B. 
13, 975). 

Tetra-bromo-nitro-toluene C^iMe(N02)Br4 
[1:4:2:3:5:6]. [213°] (N. a. W.) ; [227 'J (S.). 

Formed by nitration of C..II(Cll.)Br., [117°] 
(Nevilo a. Winther, G. J. 37, 450). From (2,4,1)- 
bromo-nitro-tolnene,bromine,and Fellr., (Scheii- 
felen, A. 231, 179). 

Tetra-bromo-nitro-tolnene C„Me(N02)Br4 
[1:2:3:4:5:C]. [2l2‘-‘]. From totra-bromo-toluene, 

[Iirj. 

Tetra-brorao-nitro-toluene C„Me.(N02)Br4 
[1:5:2:3:4:6]. [216"]. By nitration of tetra- 

bromo toluene, [108°J. 

BROMO - r.ITRO - TOLUENE SULPHONIO 
ACIDS 0„Il2MeBr(NO.JSOJf. The six following 
acid.s of tins constitution have been descrn)ed. 

I. Formed by nitrating o-bronio-toluone sul- 

plionic acid (Miiller, A. 169, 42 ; Bagel, A. 176, 
290). Doliquescout. — rbA'..2aq. — NaA'aq.— 
K,V.—BaA'.,2aq. _ 

II. By the action of fuming II>TO, on (2,1,4)- 
bromo-tolucno sulphonic acid or on {2,l,4)-o- 
toluidinc aulphonio acid: in the latter case the 
resulting dia/.j-nitro-tolueno suljilumic acid is 
boiled witli liBrAq (Ilayduck, 4.172. 219 ; 174, 
3-17). Minute needles ; may he reduced to 
(l,3,4)-w-toluidino sulphonic a’ ll. -BaA'.3aq. 

Chloride CJI.MeliriNOJSO^CI. [220°j. 

Amide CJI-MeBrlNOJlSO^NlIJ. Boesnot 
melt below 260 '. __ 

III. Fromm-bromo-tolucnosulphonioacidaud 
JINO;, (Wroblewsky, A. 1^)8, 169).--CaA'24i-aq* 
—BaA'a 3 \ aq.—PbA', 3aq. 

IV. Formed by nitrating (3,1,2 or C)-m- 
bromo-tolueno sulphonic acid (Weekwarth, A, 
172, 200).—NaA'.—Ca V.. 3aq. —BaA"; 3 [aq. 

V. Formed by nitrating (4,l,2)-p-bromo- 
toluene sulphonic acid (Iltisselburth, 4.169,22). 
Deliquesoont laininfB. — AgA'. - BaA'jj2aq.— 
CaA'.^ 6aq. - PbA^ 3uq. - SrA'j 7aq. 
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VI. Formed by |)itrating (4,1.3)-p-bromo- 
toluene sulphonio acid (H.). Deliquescent 
oeedle8.~BaA',aq.—PbA j2Jaq.—SrAjSaq. 

Di-bromo-nitro-toluene-di-salphonic acid 

O^HBr.;(NO.JMc.RO.,H. Prom jp-bromo-toluene 
di-sulphonic acid and boiling fuming HNOj 
(Kornatzki, yf. 221, 1!)7).—KA'iiq. -Bu.V, H'.aq. 

BROMO-NITEO-JU-TOLVIC ACID C^HJirNOj 
i.e. C,.IT,McBr(KO,)(CO,n). [170^].' Prom 
bromo-?;i-to]uic acid and UNOj (Filtig, A, 17, ■ 
S4).— CnA'., 3aq. ] biA'. ;laq. ’’ 

Sromo-nitro-p-toluic acid 
C«H,MeBr(NO,)(CO,H) 14:2:.r:l]. [200'^]. S. 

•1 at 15°. Formed by boiling bromo-cymcne 
(from tbymol)Vith 11^0^ (S.0.1*3). Lamina). 
—BaA^4aq (Filcti a. Crosa, 0.10, 297). 

Bromo-nitro-;)-toluic acid 
CBH.,MeBr(NO,)(COdl) r/70°-]80°]. 

From bronio-;>-toluio acid and fuming HNOg 
(Landolph, B. 5, 2G8). Needles (from water).— 
BaA'^aq. 

BROMO-NITRO^-TOLUIDINE 

0«H,Mo(NH,)(NO,)Br [1:2:3:51. [130°] (W.); 

[14.3°J (N. a. W.). Formed by nitrating bromo- 
acetyl-o-tobiidinc, (\;I-I.,M<'(NlIAc)Br[1:2:5),and 
removing acetyl (Wroblowsky, A, 102, 200;; 
Nevilc a. Winthcr, 0. J. 37, 431). (lives, by 
nitrous gas and alcohol, C. 11.,Me(NO.JBr, [81°] 
whence O..Tl,Me(Nil.)Br, [35^]. 

BromO'iiltrO'O’toiuidine 

C,n.,Me(NIL){N(\.)BiMl:‘-i:r>:3]. [181° cor.]. By | 
brominating CJ-T 3 Me(NlI._,)(NO.^) [1:2:3], [128'^] 
(N. a. 'SY.). Converted by nitrons gas and 
alcobol into C,.ll,Mc(NO..)Br, [81°] whence 
C„H3Mo{NlL)Br [3C>°J. 

Bromo-nitro-wtoluidiuo 
CJLMc(NH.,)(NO,)Br [1:3:0:51. \m% Formed 
by nitrating hromo-aeotybm-tolnidinc, and then j 
removing acetyl by ]T._.SO, (2 vols.) and water 
(1 vol.) (Nevilo a. Winthcr, C. J. 37, 030). 

Bromo-nitro-?«-toluidine 

CJI,Mc(NlT,)(NO,)Br|l:3:2:0]. [Ifi3°]. fsformed ' 
in small quant ity in the preparation of its i ?o- ! 
merido [181°J. 

Bromo-nitro-w?-toluidino 
C,njle(XlJ.,){X(),)Br Ll;5:-1:2] [ 181 °], From 
the aoctyl derivative hy saponification. 

Acetyl dcriva i ivt' !J10’-12r']. Formed 
by nitration of bromo*ac{*tyI-7a-toluidine (Nevile 
^a.Wintlier,a/. .37,^111). ; 

Bromo-uitrop-toluidiue | 

CJUTc(Nir 2 HNO,)Br 11;4;^:5]. Got by ; 

saponifying its needyl derivative. Orange needles. \ 
Converted by nitron.s gas and alcohol intobromo* ^ 
nitro-tolucne [8fi'^] (e/,,llaud, A, 234,157). 

Acetyl derivative [2J.1°J. From bromo- 
acetyl-;)-toluidine and I1N(),,. Or from acetyl-p- 
toluidine by successive nitration and bromina- 
lion (N. a. W.), Wln'te needles (from alcohol or 
dilute acetic acid) (AVrpblcwsky, A. 192, 202). 

Li-bromo-nitro-w-toluidine * 

CJIMe(NIL)(NO,)Br., [1;5:4:2:C]. [124°-130°]. 

From the acetyl derivative of bromo-nitro-w- 
tolnidine [181 ] by heating wdth ILSO^ (2 vols.) ‘ 
and water (1 vob) and subsequent treatment j 
with bromine (Nevilc a. ‘Wintlicr, C. J. 37, 441). ! 

BROMO-NlTRO-m-XYLENE CJLMe 3 (NO,)Br. ‘ 
(2C0°-2C5“). I’rom bromo-nt-xylene and cold 
iuming HNO.. Liquid (Fittig, A. 147, 81). j 


•Di-bromo. nltro. o . xylene C„HMeg(NOJBr| 
ri:2:8:4:5]. [141®]. Obtained by nitration ol 
di-bromo-o-xylene C„H 3 (OH 3 ),Bra [1:2:4:6] with 
cold fuming HNOa. Colourless needles (from 
alcohol) (Tohl, D. 18, 2661). 

Di-bromo-nitro-w-xylene 0„HMe.(N0.;)Br3. 
I [108°]. From di-bromo-w-xylcnc and UNO.. 
I Neodies (F.). 

! Di - bromo - nitro ~p - xylene C JlMea(NO^)Brg, 
[112"]. From di-bromo-»-xylene and fuming 
IINO., (F.). Needles. 

Di-bromo-di.nitro-o.xyleneCu(CIl3).^Br.^(N02)g 
[1:2:1:5:3:01. [c. 250°]. Small needles. Nearly 
insol. cold alcohol. Formed by nitration of di* 
bromo-o-xylcnc C,n,.(Cll 3 ),.Bra []:2:4:5J*(Tohl, 

, B. 18, 2501). 

I DROMO-NITRO-XYIiENE SULPHONIC ACID 

I CrtnMo.dlr(NC\,)(SO:,II) [1:3:0 :,t: 41. Prom nilro- 
m-xylidino suiphoiiic acid by diazo- reaction 
(Sartig, .1.230,341; 7^18,2100). lihombicplates, 
V. sol. water and alcohol.—BiiA'.3>.\;m.—NA'aq. 
BROMO-NONYLIC ACID v . Bkomo-ennoio 

ACID. 

DI-BEOMO-OCTADECANE C.JT^^Br.,. Octa- 
dccylene hromide. [24’‘]. Silvery plates. SI. 
sol. alcohol. Formed bytlie addition of Br (Imol.) 
to oetadceylene (KraiTt, /i. 17, 1373). 
BROMO-OCTANE v . Octyl mi oiide. 
Di-bromo-octane CJInjBr.^. Oclyh-ne bromide. 
From Br and octylone derived from castor oil 
(Bubien, A. 112, 207) or that from para/On 
(Thorpe a. Young, Pr, 21,103). Non-volatile oil. 

Tctra-bromo-octane OJI,,l>ri. CaprijlUlene 
tetra-hwmide. Frombromo-oetylcneandBr. Oil. 

BROMO-OCTONENE CJl,,Br. (2nl"). From 
ChTT.jlh’, (u. .stiDi'o) and alcoholic KOll (B.). 

BROMO-OCTYL-BENZENE C,,H,(0,H„)Br, 
(285-'-287°). ^Formed by brominaliou of octyl- 
benzeno. Oil (Ahrens, B. 10, 2710). 

BROMO-OCTYLENE (185°). From 

di bromo-octaue and alcoholic KOll (lUibien, A. 
112.^207). With Br it gives an oily tri-bromo- 
deeane. 

Di-bromo-octylene CJInBr 2 . S.G. I'J 1*508. 
C>mijlfnc bromide. From conylciie and Br 
(Werlheim, A. 123, 182). 

BEOMO-OCTYL-THIOPHENE 
C,SH.ACKH,-)Br. {2S.5^'-200'-*). Colourless oil 
solidifying to plates at 5”. V. sol. ether, irisol, 
water. Formed Ijyshnkir j ocl.yi-thiophene witli 
bromine-water (Schwohiitz, /•'. 10, 044). 

BBOMO-OLEIC ACID From di- 

bromo-stearic acid and alcoholic KOH (Over¬ 
beck, A. 140, 47). 

Di-bromo-olelc acid CjJIasBraO,. From 
stearollc acid and Br (0.). 

BROMO-ORCiN 0.,lI,Me(()ir).Br. [135°]. 

From orcin and bromine-water (Lamparter, A. 
134, 258). Cry.stals; m. sol. liot water, v. o, sol. 
alcohol and ether. Solutions are ppd. by lead 
subacetate. 

Di-bromo-oroK 
Methyl derivative 

GJI(CH,)(OMe)(OII)Br,. [140°]. Whiteueedlea. 
Prepared by brornination of the mono-methyl 
other of orcin (Tiemann a. Strong, 77.14, 2002). 

Di-methyl derivative 
C,,H(Clla){OMc)^ra. [1(10°]. Colourless plates. 
Sol. alcohol, ether, and benzene, insol. water 
and ligroin. Prepared by brornination of tb$ 
di-mv-thyl ether of orcin (B, 14, 2001). 
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Trt-bimo.orcin Ca(OHa)Br,(OH) 2 . [103®]. 
From orcin and Br (Stenhouse, Tr. 1848, 87; 
Laurent a. GcrhanU, A. Ch. [3] 24, 817; Lam- 
parter, A. 134, 257; Hcsso, A. 117, 311; Ston- 
house a. Groves, A. 203, 208). Is formed by 
beating pcnta-bromo-orein with formic acid. 
Needles; insol. water, sol. alcohol and other. 

Diacctyl derivative [143']. White 
needles. Formed by the action of Ac^O on 
penta-bromo-orcin (Cl.uissen, li. 11, I J IO). 

Penta - bromo - orcin C.II,1 >)■,(.)._. i.c. 
CaMeBr3(013r).^ ? [120 ']. From orcin and excess 
of bromine-water. Triclinic crystals (from CS,). 
At IbO^Jt gives o(T JJr.j,leaving C JI,Br^O. (Sten- 
house,/4. 103, 180; Liebermann a. Dittler, A, 
1C9, 252). 

Bromo-jS-orcin v. BnoMo-m’TonciN. 
DI-BEOMO-OXAL-ETHYLINE v. Bi-bromo- 

UETIIYL-ETIiyii-OLYOXAIJXi:. 

BROMO-OXINDOLE Oxini.oli:. 
BROMO-OXY-ACRYLIC ACID. Phenyl 
derivative C,.Hdlr(),i.c. CIIl{r:C(()rh).CO,ll. 
[138^]. From phenyl-oxy-iuicDbroinic acid 
CHO.CBr:C(()Ph).CO,ll -md KOll (Mill a. 
Stevens, Ain. 0, 100). Needles (frojii wfiter); 
V. e. sol. alcohol .and ether.—KA'. DaA',. 5a<]. - 
CaA'.,5a(i.-AgA'. 

BROMO . OXY - AMIDO - BENZOIC ACID. 

Methyl dcrivat ive C|„lI„llrN’0., i.e. 
C,H.;Bi(0^[e)(iMl,)0()jr. [185 ']. iUvmo-amuh- 
anisic acid. From the corresponding nitro- acid. 
Needles, si. sol. water.—CaA'., olag.—T’>aAV-Ji<l* 
—HATIOl [I80''l (Balbiano, (V. I t, 

BEOMO-Dl-OXY-ANTHRAQUINONE 
C,,IIjDrO^ i.e. GnlF,0.;(OIl)J3r. lSromo-aU::nrin. 
From alizarin (3 jHs.) and J3r (2^5 pts.) in at 
190^^ (Perkin, G. J. 27, 101). TiiSf.s of orange 
needles; may bo sublimed. KOlIAq forms a 
blue solution, exhibiting the same absor))lioji 
bands as alizarin. HN'O;, forms pbthalie acid. 
The same broino-alizarin, or an isoineridi!, is 
formed bytrcatingtri-ln’oino-antin-aguinone w HU 
KOH. It melts at 280' (Diehl, 11,190). 
Bromo-tri-oxy-anthraquinone 

Pronto > purpurin. [270^J. 
From Br and inn-purin, or its carboxylic acid, 
or by warming dl hromo-pmjnirin (V. infra) 
with cone. lied needles (Idath, Ti. 10, 

616, 1G19; Schunck a. lloemor, B. 10, 551). 

(B. l, 3 , 2 )-Di-bromo-oxy-anthraqr.inone 

i.e. G,n,:(C,0,):C,TrBr,(Oll). [->08’]. 
Formed, together witii di-bromo-phenol by Imat- 
;ng tetra-bromo-phenol- 2 Jhthale'in with excess of 
n.SO^at 150^ (Bacycr, A. 202, 130). Slemli r 
yellow noodles; its alcoholic solution shows 
reddish fluorosccnee. Its solution in alkalis is 
reddish-brown. NaOII at 200 'gives aliznvin. 
Acetyl derivative G,,Hr,AcBr,/)>,. (lOtJ'j, 
Di-bromo-di-oxy-anthraquhiono 
CnH 40 .^( 0 H)J 3 ru. nno-alkarin. [170']. 

Prepared by the"action eC Br in^)ves(incc of 1 on 
alizarin. Small brownish-red needles. (Com¬ 
bines with mordants (Dielil, B. 11,190). • 

Di-bromo-di-oxy-anthraquinono 
0,,H,0..(0H)..Uro. Di-hromO‘purpnroTar,thin. 
[227®-230“] (*P.)"; [231"J (S. a. It.). Fi-oiu pur- 
puroxanthin and Br (Platli, 7i. 9, 1205). From 
munjistin and Br (Scliunck a. Boomer, G.J. 33, 
424). Orange needles (from IIOAc). Warm 
c6nc. H.SO^ forma brorao-purpurin. 


" Tri-bromo-tri oxy-antaniquinone 

Cnn.p*{OII)3Br3. Tri-hromo-flavopurpurin, 
[284'"]. From flavopnrpurin in IIOAc and Br. 
Orange needles. Its alkaline solutions arc orange 
(.Scliunck a. Boomer, B. 10, 1225). 

Tetra-bromo-di-oxy anthraqttinone 
C,|ll._;0.(0H).Br,. Trlra-bronio alt rat in. From 
alizarin and excess of iodine bromich; at 180^^. 
Does not combine with mordants (DIohl, ll. ?1, 
191).* 

BROMO-o-OXY-BENZOIC ACID C M Ih O./.c. 
C,II.,Br(01I)CO,lI [3:2:1]. Broun acil. 

[181'J (]j. a. G.); [220'"] (M.a. 1*1.^'l^.)nl tao 
(•orr( S|>onilihg l>iuuio iimi<lo bi tr/ide acid by ex- 
ebango of NJi^ for Oil (lliibiu i' if. Kntmerling, 

X. 1871, 700) or from (3,* 5, 2, I ) bi ini)o-anildo- 
o.xy-benzoic acid bv eliminating Nil, (Fiollmann 
a. Grotbmai^n, B. 17, 2725). Needl'es, v. si. sol. 
cold water, v. e. sol. alcohol. P'eXl^ gives a 
vioh t colouration. -CaA'.. I2a(i: v. sol. water. 
BaA',3[a«i: prisms.—PbA'., (Jf.). --PbC4I,,nrO,. 

Bromo-o-oxy-bonzoic acid G,.n J lb (Ol i )(C3') d 1) 
f5:2:lj. [165"]. From salicylh* acid and Br or 
PBr, (Gerliardt, A. Ch. [3] 7, 217; Galionrs. A. 
C/i. [3)10,311; 13,99; Henry,B. 2,275; H.a.K.j. 
Also from the corresponding ainido /// bromo- 
benzoio acid (11. a. Ik). Needles (from water). 
F0..CI,. gives a violrt colouration. Ba.\'..3:ui.— 
PbA',. PbGJl,lh-(K,.—OuA',.-AgA'. 

Methyl ether MeA'. |38'] (jleiiry) ; [61*^] 
(Peratoner, O. 16, 405). (265 ’). From metliyl 

salicylate and Br or PBr^,. Trimetric prisms or 
needles. Coloured violet by Fe.Cl.;. 

Methyl derivative G„lj.,Br(()Me)C'),TT. 
[11!)'^]. — IbiA', 3a(|. — Ca.\Vlaii. AyA'aq. 
Methyl ether CblI,Br(OMe)CO,Me. T10 'j. 
(295 diP.). 

K thill deri vat ive CJT,Br{0I'h)CO3TT. 
[130'b \naA',-1ai.-(kiA'..2aq. M. thyl etJirr 
GJl,Br(()l-:t)CO,:do. [lO"]. (301 ). 

Pro]} til derivative C„141h (OPiKbl.ll. 
[62"J. Mctlvl ether C,lI,Bi(C.)Pi)(:() Me. 
(323'). •• 

Isopropyl (fcriuflf i re 0,H3Br(OPr)('0.lI. 
[lOl'^J. Methyl ether (301'"). 

Bronio-7>-oxy-benzoic acid. Methyl deri¬ 
vative GJl3Br(OMe)rO,K [3:1.T]. Bromo- 
anisic acid. [214 ]. [218 ’ cor.J. 

Fonnaiion. —1. From anisic acid and Br 
(Laurent; Cahours, A. 56 311; .SalKowski, 7A 
7, J0l3).--2. By oxidising tlio methyl oMier of • 
bromo-yj-c^. HoJ (Scball a. Dralle, B. 17, 2531). 

Properlii'sl'- Needles; may be distilled or 
sublimed. Insol. water. 

Sal ts. — AgA', — BaA'., 3),.Aq. —I3aA'„ 4aq.— 
CaA'.,6aq.—CnA',,21aq. - MgA', 5aq.—NaAN 2a(i. 

—PbA'., 3aq.—y<nA'..3a(j. 

Ethyl ether C.Tf,Br(OMo)(CO,Et). [74'’] 
(Crespi, G. 11, 419). 

Amide CJ4Br{aMe}(G0,NH,). [186=]; 
insol. water. 

• Bromo-p-oxy-benzoic *Aid. Methtfl deri- 
vaiive 0 lUh{OMe)CO,dI. [212°J.Ethyl bromo- 
anisatc [74°J is converted into an isumerido 
[60'] by heating with NaOKt at ISO-* for 20 
hours; on saponification it yields the acid whicli 
crystallises in needles, si. sol. water. Potash 
fusion forms protoentechuie acid. IINO3 gives 
the methyl ether of (2,4,6,!)-bromo-di-nitro* 
phenol. 

Salt.—ZnAk4afj (Balbiano, 0. 11,109). 





BBOMO-OXY-I 

Ethyl tthtr'S.h.'. [G0'>] (i>. sitpro). This 
»oid is possibly identical with the preceding. 

Bromo-di-oxjr-benzoic acid. Methyl deri¬ 
vative Ojgk(OII)(OMe)CO.,n 
Brmio-yaniUie acid. P’rom its acetyl 

derivative. Needles (containing atj). Acetyl 
derivative C„II,I)r(OAc)(OJIeicO.,ir. 

Fr<jni (icetyl-vanillic acid andiir (Mat.stnoto, B. 
u, i;i8). ' 

Bi-viclhyl derivative * 

0 ,iH,_,Br(0Me)^C02iI [a;:4:a:lj. Bromo-x'cratric 
acid. [181 J. From veratric acid and Br (M.). 

Methylene derivative 
C„II.,Br(OXII,j^CO..H or Cjr.,(0.,CHBr)CO.,n. 
Bi-omo-pij'enniylic acid, [205"]. From Inon’io- 
pipcronal and KMnO, (Fittig a. Miclck, A. 172, 
158). 

Bromo-di-oxy-benzoic acid 
C,H.,Bi(()ll)X(),li [a-:l:;i;5]. [2.53"]. From 

s-di-oxy-l)cnzoic acid and bromine water (Bartli 
a. Senhofer, A. Kil, 115), Needles (containing 
aq). Potash-Insion iorms gallic acid. Fo„01„ 
gives a yellowish-brown colour.—CaA'j 8aq.— 
Ag.A". 

Bromo-di-oxy-benzoic acid C JIjBr(Oir) jCO. Ii 
(a::2:(i:l]. [181“, anhydrous]. From c-di-oxy- 

benzoic acid in ether and Br (Zehentcr, M. 2, 
480). Prisms (containing a(j). Fe-^CIj gives a 
violet colour to its aqueous solution.— AgAhiq. 

BaA'j7iaq.-CuA'j4;aq.—PbA'^.-iaq.—KA'lJuq. 

Bromo-tri-oxy-benzoic acid 
C„HBr(OH).,C().n. Bromo-gallic acid, [above 
200“]. From gallic acid and Br (Illasiwctz, A. 
142,2.50; (Irimaux,^1.1807, 431). Monoclinic; 
si. sol. water. 

Di-bromo-o-oxy-benzoic acid 
C,HjBr,.(OH)COJI [5:3:2:!]. Di-brcnno-ealicyKc 
acid. [21!)“] (B.); [223"] (Tj.a.d.), Fromsalicylic 
acid and Br or from (:i,5,2,l)-bromo-amido-sali- 
cylic acid by the dia/.o- reaction (Calicars, A. 
Oh. [3] 10, 33!); 13, 102 ; Eollwnge, B. 10,1707 ; 
Lellmann a. Grothmann, B. 17,»'2727). (lives 
a violet colour with Fe.^Cl,. Heated with di'uto 
H^SO, it gives (3,5,2)-di-bromo-phcnol 130"1.— 
BaA',4aq. 

Methyl cfiicr C,in 2 Br-(OIT)CO,,Mn: [14!)"]; 
from methyl salicylate ami Br (Peratoncr, U. 
16, 405). Long needles, .si. sol. alcohol. 

Methyl derivative CJI,Br.,{O.Mo)CO.TI: 
[194“]. — Salt BaA'«,21aq. Methyl ether 
^ C„H,,Brj(OMe)CO._.Me : [53"J ; m^cdlcs. 

Ethyl derivative (''all.Br,(Oli’t).CO..II: 
[156"]; white needles. Mctliyl ether 
C,iH,Br.(OKt).CO,,Afe: [43"]; needles. 

Di-bromo-o-oxy-beuzoic acid 
C,H,Brj(OH)C(),U [)::!:2orC:l]. [218"]. From 
(4,3,l)-di-brnmo-bcuzoic acirl [22!)'] by nitra¬ 
tion, reduction,and diazotisalion (Smith,!). 10, 
1706). Gives a violet colour with Fc-^Cl^. 

Dl-bromo-o-oxy-benzoic acid 
C„HJBr.j(OH)C()-Il. (221' ]. Formed as a by¬ 
product in converting (5,2, l)-bromo-nitro-bcnzoio‘ 
acid [250"] into di-brorno-benzoic acid by the ' 
diazo- reaction (riiibncr a. Lawric, B. 10,1700). 
i'OjCl, gives a violet colour. 

Di-bromo-p-oxy-benzoic acid 
C„H..JJrj(OH)(,'0.,II. [208°]. P'rom di-bromo- 

anisic acid and cone. HI (Alccci, O. 15, 242). 
One oi the products of the dry distillation of 
sodium di-biomo-anisate (B.albiano, G. 13, 09). 
Long noodles, insol. water, sol. alcohol and ether. 


ENZOrO ACID. 

FCjCl, turns its solutions yellowish-red. Sodium, 
amalgam forms y-oxy-benzoic acid.—CaA'„8aq. 

Methyl derivative C„H,Br.,(OMo)C0.4l 
[3:5:4:!]. Di-bromo-ajwitc acid [207°] (It.) ; [214°] 
(C.). From anisic acid, Br, and water at 120“ 
(Iteinockc, E. 1806, 300; Crespi, G. 11, 425). 
Converted by prolonged action of Br and water 
into tri-bromo-anisol [87°].—NaA' 3aq.—AgA'.— 
BaA'^d.laq. Ethyl other CJI.,(OMe)(CO.,Et); 
[ 88 °] -, plates. n . i 

Di bromo.di-oxy-benzoic acid 
CJIBr,(01I).,CO JI. [214"]. From (.3, 2, 1)-di- 
oxy-bonzoic acid and Br (Zolientcr, M. 2, 475). 
Needles (containing aq); m. sol. hot ..water. 
P’o^CI,, turns its solution v.iolet; ci/iic. H-.SO, 
gives a gri on colour. Heating with water forms 
di-bromo-resorcin. —KA' 3'.aq. - CnA'„ 8 .taq. — 
PbCdl-Br.!),. — CuA'._,aq.—AgA'. 

Di-bromo-tri-oxy benzoic acid 
C„Bi'.j(OH).|CO..II. Di-hroim-ijalli acid. [140°] 
(G.); [1.50"| (E.). From gallic acid and Br 
((irimaux, E. J807, 431; Etti, B. 11, 1882). 
P'o-Cl, gives a blue-black colour in its aqueous 
solution. • 

Tri-bromo-o-oxy-bcnzoic acid 
CJ,,HBr.,(OH)CO,JI. Tri-hrr ,,o-eallcylic acid. 
P"rom Br and salicylic acid Small xu'isms, insol. 
water (Cabours, A. (Jh. [!’, 13, 104). 

Tri-bromo-)K-oxy-bcn*oic acid 
6 'BHBr 3 (OIl}CO,,H. [147''' P’rom m-oxv-benzoio 
acid (1 mol.) and Br (3 mols.) (Werucr, Bl. [2] 
40, 270). 

Tri-bromo-di-oxy-benzoic acid 
C 3 Br,,(OH). 3 €O..II. [183 ]. From (5, 3, 1). di- 

oxy-benzoic acid and Br (Barth a. Kenhofer, A. 
1.59, 225). Tallies (troin wilcr). I’otasli-fiisiou 
reproduces s-fti-oxy-bi nzoic acid. 

BROMO . o - OXY - B JNZOIC ALDEHYDE 
C,n BrO., i.e. C„II,,Br(GH)CHO. Bwmn - sali- 
cyhc aldehyde. [!)!)']. From s'llicylio aldehyde 
au4 Br or I’Ur, (Liiwig, 40, 57, 383; Piria. 
A. Ch. [2] 09, 281; Henry,/). 2 , 275). Iiamimu; 
iuRol. water, sol. alcoliol ami ether. Combines 
with IvllSOa- 

McUtyl derivative Br(OMe)CIIO. 
[114-J. From metliyl-salicylic aldclivdo and Br 
(Perkin, A, 145, 301). p’lat [irisuis (from alcoiiol). 

Ethyl derivative C„H 3 Br( 0 'iit)CHO: 
[08"]; prisms. 

Bronio-p-oxy-benzoic aldehyde 
C„II,lir(011)ClIO. [180"]. From 7 )oxy-benzoic 
aldehyde and Br. Y. sol. alcoliol ami ether, v. 
,sl. sol. walcr: Combines with KIISO, (lleizfeld, 
!). 10,2198). 

Di-bromo-o-oxy-benzoic aldehyde 
C„n..Br.,(OH)CHO. Di-bromosal icy lie-aide lyde. 
Prisms. P'rom salicylicaldeliydeaudBr(ilee'lein, 
J.pr. 32, 05). 

Phenyl-hydrazide • 
C„I14!r3(()H)Ci'l^jVJIl>li; [148°]; r. sol. alcohol, 
bciizeno, ether, ami CIICI,,, irisol. water. The 
)uonb-aoctyl.(li!rivativo C„H'.,Br,(()Ao)CH:N..HPh 
forms lino needles [ 1 S 8 'j.nearly'insolulileinethcr. 
Thcdi-acetyl derivativeC„lIJir-(OAc)Cil:N.AoPh 
crystallises inwhite needles, [158 -), easily soluble 
in ether; it is formed by broiiiinating the di 
acetyl derivative of the phonyl-liydrazide of 
salicylic aldehyde (Itossing, B. 17, 3008). 

Di-bromo-y-oxy-benzoic aldehyde 
C,H 2 Br 3 {OH)CHO. [181°]. P’rom y-oxy-benzoio 
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aldehyde (1 mol.) and Br (2 mole.) (Werner, Bl. 
[2] 48, 277). 

BEOMO-OXY-BUTYBIC ACID C,H,BrO,,. 
fl 02 °]. From di-bromo-bntyric acid and baryta. 
Laminae (I’etriell a. Egliis, J. R. 7 , 17'j).— 
BaA'„.—AgA'. 

Bromo-oxy-butyric acid 

CH,,.CHBr.CII(01I)C0.,II or 
CH 3 .CH(OTl).CIIlJr,CO.Ii. An uncryslallis.ablo 
syrup obtained as a residue when ofl-di-bromo- 
butyric acid is distilled with water (C. Kolbo, J. 
pr. 133,38!); cf. Hrletimcynr a. Muller, D. 1.5,41)). 
Bromo-oxy-butyric acid 

CIT,.Cli]!r.CII(01I).C0.,n or 
CII,.CIi{OH).CIIlir.CO,U. (!)()“]. From B- 

luethyl-glyoidic acid and IIBr 

(MeUkoff, Bl. [2] 43, 110). rrisins. Probably 
identical with the preceding. 

Bromo-oxy-iao-butyric acid 
Cn;.lJr.C(OIl)Me.CO.,Il. [101“]. Formed by boiling 
di*bromo-iso-butyric acid with water, and ex¬ 
tracting witli ether (K.). AWo Irom llBr and 

o-methyl-glycidic acid jj Needles; 

sol. hot benzene, insol. OHCl, and CS^. Not 
nlTccted by boiling water. Itcdiicod by tlio action 
of sodium amalg^ain on its aqueous solution, kept 
neutral by ILS()„to oxy-iso-butyric acid, [71)°J. 
BR0M0-0*XY.CINNAMIC ACID v. JluoMO- 

COUMAUIC ACID. 

BKOMO-(a 4)-0XY.(Pv 4)-ETHYL-QITINO- 
LINE TETRA-HYDKIDE C„H,Br(()li)EtN. 

Ethyl ether [HS*'']; longmonocHnicpriama, 
a:h:c 0*7002:1:0*5B28. Formed by broriiination 
of cthyl-kairine (ethyl cMmr of oxy-ethyl-quino- 
lino tetra-hydrido),or by ethylat- 4 ?ii of theetliyl- ; 
ether of bromo-oxy-quinoline-tetra-hydride. Tho 
picrato forms yellow needles [174“J (Fischer a. 
llcnouf, B. 17, 702). 

DI-BEOMO-OXY-INDOITAPHTHENE 

CjHjBr^O i.e. C.lI,<g®^^CBr. Pliem/le.m-di- 

hromo-ncetylcnekdone. [ 12 H“]. Obtained by heat¬ 
ing di-bromo-cinnamic acidC„H-,.CI{r:CBr.CO^Il 
with cone. Yellow needles. 

Oxim C„H^I3r.j(NOII): [11)5“J; yellow needles. 
Anilide : [170'-']; red needles. 

Di-broviide CyTT^OBr^: [124°]; prisms 

(Boser, J?.20, 1273). 

BBOMO-OXY-MALEiC ACID Phenyl deri- 
vafiuc CO.,H.CBr:0(OPh).COoH. [lO-Pj. From 
tho phenyl derivative of oxy-mueobromit; acid 
and Ag.^0 (Hill a. Stevens, Am. 6,187). Neodbv;. 
—Ag.,A". 

p.BROMO-«.OXY-MESITYLENE C„n„BrO 
U. C,Ha{CH,),Br{Cir.,.OH) [5:3:4:!]. pdiromo- 
mesityl alcohol. [00“j. Obtained from p-w-di- 
bromo-mesitylene (ji>-mcsityl bromide) by treat¬ 
ment with KOAc and saponilication of the 
acetate. Pointed needles. V. e. sol. alcohol, 
ether, and ben/eno, si. sol.cofd petroleum-ether,i 
insol. cold water. Decomposes on distyiution 
with separation of II.^O and formation, amongst 
other products, of p-bromo-mesitylenic aldehyde 
CrtIT.^(Gn.,).Dr(OH()). By oxidising agents it XB 
readily converted intop-bromo-mcsitylenic acid 
[214°] (Schramm, B. 19, 213). 

cso-Bromo-tBiWg-di-oxy-mesitylene 
O.EyarfCHaKCHaOH)^. [121°]. S. 3^ at 100°. 
From the corresponding tri-bromo-mesitylene 


f200°-216°) by boiling v^h water and PbCO, 
(Colson, A. Ch. [(>] 6 , 98; C. JR. 97. 177). 
Pearly scales; v. si. sol. cold water, m. sol. alco* 
hob Boiling HClAq forms CJl.,Br(CH,)(CII,Cl), 

BROMO-OXY-B-METHYL-CUMABILIC ACID 

« (i) 


CJLBr(OJf)/‘^,o‘“'^C.CO,,H. [221°]. Fowned 
• ^ O 

by boiling brom^ - $ - nudl i vl - nmbell iferon • di - 
X'.Meilr.CllHr 

bromide C„H..Br(011)<; | with alco- 

\0-CO 

holio KOn. Colourless ntH-db'?. V. sol. alco¬ 
hol and other, si. sol. Ixmi/.cjio, insol. water. 
Gold H^S 04 l^ives a oolonrloss solution which 
becomes violet on Ixealiiig. I'V.Clj. gives a 
yellow cofburatiori with the aloohoUo solution 
(Pcchmann a. Cohen, Ji. 17, 2131). 

BROMO - OXY-METHYL-ETHYL PYRIMID - 

INE [195°]. Formed 

by bi’omination of oxy-mol)jyl-et)iyl-pyrimidino. 
Longcolourlossglisteniiigneedles. HI. sol. water. 
C;H„N.^Br(OTI) uij; very soluble long white neodlos 
(Pinner, B. 20, 2302). 

BROMO OXY-DI-METHYL-PYRIMIDINE 

CIIj-C-^^^pj^Jl^j^CBr. Formed by bromina- 

tion of oxy-di-methyl-pjTimidino. The hydro- 
bromide (B'llBr) forms colourless needles, m. 
sol. water, v. sol. alcohol (Pinner, Ji. 20, 2361). 

(i>M.2,3,l)-BR0M0-0XY-METHYL-QUIN0L. 

INE 


.CiMo:CBr 

CjoTT^NOBr i.e. CJ1,< | ? Bromo^ 

\N : C.OIl 

oxyqnmnhUne, or bromo-fjuiuoxyl. [c. 258°]. 
Formed by tlio action of cold cone, IFSO. 
'.qtoii the anilide of bromo-aceto-aertic acid 
Cir;,,C(OH):CBr.CONIIPh. Also from (/V/-3,l)- 
oxy-ni' thyl-quinolincand bromine-water (Knorr, 

B. 17, 2875; 236, 91). Fine silky needles. 

SI. sol. alcohol, ether, and cliloroform. Dis¬ 
solves in aqueous acids and alkalis. 

Tri-bromo-(F?/.l) •oxy-(P//. 3 )-methyl-quinol. 
ine C 5 ,HaMcBr 3 ('OII)N. [275°J. Formed by 
bromination of (Py. 1, 3)-oxy-niotbyl-qninoline. 
Insol. alcohol (Conrad a. rjimpaeli, B. 20, 949). 

Bromo-(i^p. 3 )-oxy-(i^ 2 /.l, 4 )-di-inethyl-quinol- 
iue Brumo-metliiil-ti'judone. [172°j* 
P’rom tho ctrrespo.iding oxy-«limetliyI-quinolino 
and broniino-water (Knorr, Jt. 236, 110). Spheri¬ 
cal aggregates of neetlles (fpm alcohol). Insol. 
water and NaOHAq, v. sri. dilute acids. 

BR0M0-0XY-(a)-NAI HTHOIC ANHYDRIDB 
‘ /CO 

C, ,ILBrO,t.c.C,oH,Br<; | [192°]. Formed by 

\0 

bromination of oxy- naphthoic anhydride 
/CO • 

C,oUg^ I dissolved in CS^. Small white 

\o 

needles (Ekstrand, B. 19,1139). 

Bromo-oxy-(a).naphthoquinone 

/CO.C(OH) 

CJl/ II . [197°]. 

\CO.CBr 

Formation. —1. From di-bromo-(a)-naphtfio- 
quinone [151°] by boiling with aqueous NaOH 
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or Na.CO.; the yield Ifeing 60 p.o. o! the theo¬ 
retical (Diehl a. Merz, B. 11, 1004). — 2. From 
oxy-(o).naphthoquinono and Br.—3. Prepared 
by tlio action of alcoholic H 0 SO 4 on di-bromo-(o)- 
naphthoquinone-anilidc, p-bromo*aniline being 
eimultanooiiBly produced (Balt>:er, B. 14, 1001). 

4. By the action of alkali upon bvo!no-^-naph- 
thoquinone (Zincko a. Ocrland, 71. 20, 1517)). - 
6 . boiling bromo-anii(lo-(a).naphlho{ininono 

0. From broino-oxy-(a)-naplitliO(iuiiionc-iniide 
by boiling with cunc. IlCl or 

by troatnient witii alcoholic NaOH (Z.). 

PropertU's.- - Yellow n^’edlos ; v. si. sol. water, 
si. sol. ether, v. sol. alcohol. Oxidation gives 
phthalic acid. 

Balts. KA'aq: red needles.—BA^^* S.*07 
at lO^— AgA'. 

Bromo-oxy-(a)-naphthoquinone. [202'^]. From 
the anilide fl‘.)7"jof di-broino-naplitlioquinoiio 
[218^^1 by boiling with n<iuo(JUS NuXO., (.MiII('r, 
.B?. [2] 4H, 125). Oxidises to plitlialic acid; it 
should therefore 1)0 identical with the pree<'ding. 
BROMO - OXY . (a) . NAPHTHOQUINONE - 
XO — C(On) 

IMIDEC,H,< I . [c. 205°]. Formed 

\C(NII).CHr 

by boiling bromo-amido.(a)-naphthoqninone- 
imide ^u^^i^CcJnH) dilute NaOII. 

Formed also by the action of NII 3 u])on bromo- : 
(j3)-naphthoquinoiic. llrownisli - ri*d glistening 
needles. By boiling xvith cone. HCl or by treat¬ 
ment with alcoholic Na(»II it is converted into 
bromo-oxy-(a) -naplithoqnirjone. The sodium- 
Balt forma red needles; the salts of the heavy 
metals are sjiaringly soluble pps. 

Acciyl derivative: [270'"!: red hair-like 
needles fZineko a. (lerland, Ji. 20, 1.514). 

BROMO - OXY - NAPHTHOQUINONE SUL- 
PHONIC ACID C,„n UrSO., i.e. « 

C,.,H,0,Br(OH)(RO,H). From (0)-nai.hthol sul- 
phonic acid and Br, di-bromo oxy-iinphllio- 
quinone being also formed in .small quantity 
(Armstrong a. Graham, G. J> 30, 138; Arm¬ 
strong a. Streatfeild, C. J. Proc, 1, 232).— 
BaC,„H,BrSO,. 

BROMO-OXY-NICOTINIC ACID v. Bnojio- 
<pT-rYJiiPiNE carhoxylic acid. 

BROMO-OXY-OCTOIC ACID CJI,,BrO, i.e. 
cn,.CHi!r.cii,.cH(co,n).c«i,,.cn< 6 d).CHj. 

Br(mo-oxy~di‘proxajl-aceiic acid. 

h /CH...CH.CII3 

Lactone CH,.CIIBr.Cn,.CH<; | 

' ' \ CO.O 

5. G. — 1*304. From di-allyl-acctic acid and 
IIBr, the compound (Cir,.CHBr.ClI,).,Cn.COJI 
being probably first formed (TTjelt, A. 210, 73). 
Oil. Insol. cold water, v. si. sol. warm water. 
Tnsol. cold NaOH. Boiltd for a long time with 
water or aqueous Na-COa it apjv nrs to form the 

XH..CllMe 

lactone CII,:CH.CH3.Cn< '( v. Oxy- 

\ CO.O 

OCTENOIC ACID. 

Tri-bromo-oxy-octoic acid. Lactone 
xn,..CH.cnxr 

CH,Br.CHBr.CH 3 .Cn< ‘ I From 

^ CO.O 


di-allyl-acetio acid and bromine in chloroform 
(Hjelt, A. 216, 76). Oil. V. sol. ether. Insol. 
cold NaOHAq. Boiled with aqueous Na,CO* It 
forms (CH,(OH).CH(OH).CH 3 ).,CH.CO.,Na. 

Tri.bromo - di - oxy - octoio acid. Lactone 

CsHj.Br^Oa Le. 

I ClI,Br.airBr.CH,.C(OII).CIB.Cn{CIIBr).O.Ca 

■ From so-called ‘ di-allyl-oxalic acid ’ and bromine 
I (r. OxY-ocTi.\oic acid) (Sclialzky, J. pr. [21 
! 3t, 485). 

! Tetra-bronio-oxy-octoic acid CJIi-Br^O, i.e, 

! (Cirjk.Cni3r.Cr[,),CtOIl).CO,II. From so- 
called ‘di-allyl-oxalic acid’ and Br (Raytzeff, A. 
18.5, 189). Oil: readily splits up intoHBPand 
the preceding lactone. * 

Kthyl ether FtAk Oil (.Schatzkv, J”. It. 
17,73). 

DI - BROMO - HEXA - OXY - DIPHENYL. 

j Methyl ether C,Jl.iJi\(OMo),;. fl40°J. From 
; tlie methyl ether of hoxa-oxy-diphonyl and Br 
' (Fwald, 71. 11,1623). Needles (from alcohol or 
I lIOAc); cone. 11.80, forms a blue solution, 

I Tetra-bromo-di-oxy-diphenyl C,..H,Br ,02 i.e. 
CJFBr.iOII).CJBBr,(OlT). f20r^].‘ .From di- 
oxy-*diphenyl and Br (]\higatti, B. 11, 2267; 13, 
22.5). Also by reduction of bromo-rosoquinone 
(Baeyer, B. 11, ,1301). Fuming IINO 3 forms 
biowjifsh-vcd scabs of (CJf.^Br.^O)^. ‘Teira- 
byomo-di}dicnyUqui}ionc.' 

Acetyl derivative CjoHiAc-^Br^O.^. [245°]; 
needles. 

Tetra-bromo-tctra-oxy-diphenyl 

C,-jr.l3r,(On),. Tetra-broiito-dircsoredn. Fron» 
tri-biomo-resoqiiinono C,;HHr,0.,(?) nnd IT ,8 or 
8 uand 1101. Needles (from TlOAc). 9'urnslirown 
at 230“ and do<^mi>oses at 280°. Insok water, 
j V. sol. alcoliol and other. Rudinm-ajn.algam 
gives diresorcin, liod-liot zinc-dust gives di' 
phenyl. 

Acetyl derivative 0 ,.dLBr,fOAo )4 , 
j [195’i; needles ffrom alcohol) {.Benodikt, il/. 1 , 

; 352; B. .1)., 2170). 

I Deca-broin 3 -tetra-oxy-diphcnyI C,Jlr.^fOBr),. 

• Formed by adding Br and JiCl to a solution of 
diresorcin in nqneous potush (Benedikt a. Julius. 
M. 5, 179). TJjistable crystals, gives olT Br 
(2 mots.) at 18.5''. 80., retluees it to 0,„Brrt(OU).. 

BROMO-p-OXY-PHENYL-ACETYLENE. 
Methyl derivative CfllI;,Br{()M(d.C**CH. 
[75°]. Formed by Ijoating the methyl derivative 
of tri - bromo - p - oxy - phenyl - propionic acid 
CJT:,Br(OMc).CllBr.CI IBr.CiO^H with aqueoua 
KpH (30 p.c.). Plates. Gives an unstable 
greenish-yellow compound with ammoniacal 
CuCl.. (Migel, B. 20. 2538). 

Di-BROMO-DI-OXY-DI-PHENYI-AMINE 
C,H,,(OII).Nil.a,IJJ.5r,.OII [4:6:2:!]. Leuco-di- 
hromo.qmnone-pheiwhimide. [170°]. Colour- 
Ic.ss prisms. V. sol. all ordin^y solvents, except 
water. Formed by reduction of di-bromo-quin- 
«ne phcnol-imidc (V.Ioldau, B. 16, ‘2818). 

«- 4 - cso - C.90 - TETRA - BROMO - o - OXY * A- 
PHENYL-BUTYRIC ACID. Methyl deHvalive 
CaII.,13r2(OMe).CHBr.CMcBr.CO,H. [c. 200°]. 
l''rom (a) or {$) methoxy-phcnyl-crotonic acid 
and bromine vapour (Perkin, C. J. 39, 434). 
Crystalline powder (from cliloroform). 

Tetra-bromo-di-oxy-di-phenyl-methane 
C.ABr.O, i.e. CH. 4 (C„H,Br,.OH),. [225°]. From 
di-oxy-di-plienyl-mcthaiic and bromine-water 
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(n ethereal eolation it {onns an unstable orystal- 
Uno compoand with hydrie bromide 0,.H3r.O, 
(Beck, B. 10,1837). » » a 

BH01IO.OXY-PHENYI,.METHY1.PYRAZOLE 

Brotm-plmnyl-mcthyl- 
pyrazolone, [c. 130°), Fromoxy.]>licnyl-motIiyl- 
pyrazole and Br in glacial acetic acid (Knorr, A. 
238, 176). Sol. alkalis, and dilate acids; in?ol. 
water. SI. sol. ether, v. .sol. glaeial llOAe and 
chloroform. In alcoholic solution it slowly 
forms pyrazolo-blue. Fu-.d^ forms pyrazold- 
bluo. 

Dvhromo-oxy-phenyl-methyl -py razol e 

CigHgNgOBra i.e. J^i-bivmo- 

phenyl-methyl-pi/razolone. From o\y- 

phenyl-metliyl-iiyrazolc (Ipl.) and Br (2 pis.) in 
acetic acid solution (Knmr, A. 2‘)S, 177). Sol. 
alcohol, lIOAc, other, and GirCI.,; insoL waior, 
alkalis, and acids. Not attacked by Fe^CI,.. 
Reduced by Sn and IICl or fmning HI to oxy- 
phcnyl-methyl-pyrazolo. 

BROMO-OXY-PHENVI-METHYL-PYEIMID- 
INE C„U„N,BrO i.c. C.n..<^x;c{c{f|)>CBr. 

[260°]. Formed by bromination of o.xy-pliunyl- 
metliyl-pyrimidine. Glistening needles (1‘innor, 

B. 20, 2301). 

BSOMO-o-OXY PHENYL.PHOPIOLIC ACID. 

Methyl derivative 

C. H„(OMe)l!r.CiC.CO,lI. [10S°] (wilh decom¬ 

position). l''i’oni the methyl derivative of tri- 
bromo-oxy-phonyl-proi)ionio aeiil (q.v.). Short 
white needles (from hen/.ene). I 

BEOMO - o - OXY - f) - PHENYT, . PEOPIONIC ' 
ACID C„H„BrO, i.e. C,II,Br(01i).CJI,CIT.,,GO,,H. , 
Brmno-meUhlic acid. [112'']. From its anliy- ' 
drido by boiling with water, lleelaogiilar tables ' 
(from chloroform). Sol. alcohol, si. sol. water. 
Changes on ninltiTig into its anhydrido. J 

O 


BB-Bromo-a-oxy-a-pliemyl-propionte acid 

OHBr.j.CPh(OH).CO.,H. Di-bronio-atrolaetit 
acid. [167°]. Prepared b^ dissolving di-bromo- 
pyruvio acid and benzene in cold H.SO,. Long 
needles or four-sided tables. Sol. benzene and 
CS., si. sol. cold water. By boiling with water 
it decomposes info C().„ flOr, and w brom- 
acetophenone (C,JI.,.CO.CIl.Br). On redue-tion. 
it gives atrolactie acid {Biilthiger, B. 11, 12*5). 
•Bromo-di-oxy-pheuyl.propionic acid 
Methylene ^thcr C,„II,BrO, or 

on, <Q>C.H.Br.Ci Cj.CIL.CO.,lI. Bromo- 

pqu'ro-propwnic acid. [110°]. I’ltmi soilium 
broino-{)8)-hyclro-))ipcrato aiui KMnO, (Wein¬ 
stein, A. 227, 41). Moiiocliuic crvsliila (from 
ether) sol. alcoliol, si. sol. water.— CaA',,. 
Di-bromo-o-oxy-plieiiyl-propiouic acid 

Vi'hroJiio-jncIiloh'c [115'’*]. 

From moiilotic acid and Br (Z\v<'n;;.or, .1. Siippl. 
^,110). Needles; may ho dislilh'il.-n!uV._.5aq 
a-)9-Di-bromo.().oxy-phcnyi.propionic acid. 
Di-bromHe of conmaric acid. 

Methyl derivative 
C,H,(()Mo).CIllir,CIIlh-.CO,IL [102'']. 

S. (CllClj) 2'7 at 17'^. From the m<'‘th_vl deriva¬ 
tive of couiriarie acid C„U,(()Mo)Cll.CII.COJr 
and Br. V. sol. ether. Bci^oiupusud liy atiueous 
alkalis. Wilh bromine va|>our it gives rise to. 
C.,ll,Br.,{OMe)CUBr.ClIBr.C(),II Ic. 202 ■]. Crys. 
lals (from bon/.cnc) (I'erkin,* C. J. ;10, 420; 
Fitllg a. Ehol, .1. 210, 157). Siiong potash 
(l:J) forins (3,.lI,(O.Mo)C.llBr.GO,]l [171 J. 

D i met It i/l ether 
C,H,(O.M.)OUBr.CllBr.C(),Me. 

(a)-compound [125^]. S. (CSJ 3‘4. 
(/^)-compound [Oh-’J. H. (GS.)**4. 

These two coinponnds am forim .l together hy 
acting on tln^ Isomeric mellioxy ph' nyl-aoi;, lati h- 
of methyl with bromine in OS , But the (t^)- 
i.'.omerido gives chielly that nit lliiig at 125^’ 
while the (/i) ’somerido forms chi' tly the other 


Anhydride C„II,Br<',,rTV.i, >00.[100°]. i 421). Aleoliolie p.jtash cmi- 

\C11,X11./ J I verts both into nu thoxy-plu-nyl-hrumu-a iwlie' 

From melilotic anhydrido and Br inCS, in the ' - ’ 


cold (Fittig a. Ifochstetlor, A. 220, .'i(ll).' Thick 
prisms (from chloroform). Bromine is not taken 
out by boiling alkalis. Sol. alcohol and chloro¬ 
form, si. sol. CSj. Slowly converted by boiling 
water into bromo-mclilotic acid. 

a-Bromo.0-oxy-/3-phenyl-propionic acid 
C„H 5 .CH(OII).CHBr.CO.,H. [122“]; [12.T, an¬ 
hydrous]. From aB-di-hromo-B-phenyl-proi,ionic 
acid by boiling wilh water (Glaser, yl. 147, Kit. 
Thin lamimc (containing aq). Boiled with very 
dilate Na^COj it gives phenyl-acetic aldehyde: 
l>h.CH(01I).CII nr.CO H 

Ph.CH . CH.CO,H I HBr=i 

\o/ 

Ph.ClT,CH(OU) + HBr=. 

6 . CO * 

Ph.CH;CH.OH + OO.^ + HBr - * 

Ph.CH,.CH0-4C02H IIBr. 

The yield is 75 p.c. of the theorelioal, but some 
phenyl-glyoorio acid is also formcii; 

Ph.CH . CH.C0,II-4H,0=. 

Ph.OH(OH).CH(OII).CO,yi 
(Erlenmeyer, B. 13,308). Salt.—AgA'. 


acid. 

Ethyl deriralive 

C,.H,(OEL).011Br.GJlBr.COJI. [155 ]. H. (CS.) 
1-03 at From tlio clhyl dt-rivalivos Jf 

coumaric and of couiiiurinic acids hy Jh*(F. a.E.). 
Small crystals (from CSj^ 

Di-ethyl ether , 

C„]I,(OKUGf IBr.CirBr.CO..Ft. [78°]. Frojii 
C,II,(OFl)C>I:CH.GOoKt and Br in 08. fP.). 

c.so*Di-bromo-p.oxy-/} phenyl-propionic acid 
IIO.CuH.^13r2.Gli.^.GJI.j.COoH.i Di-hrunio-hydro- 
p-couviuric acid. .^’’rom a<jucous hydro- 

j)-coumaric acid and cold bromiue-wiift'i’ (Slohr^ 
A. 225, 04). Ncouh's (from aeclic acid). 
Salts.-(NHJ./...UJ';r.A.-A;TG„H,,Br,0,. 
o;3-Di-broino-7f >vy.phenyl-propionic acid 
C,iHdOH).CHBr.CIjl.)r.C0^1I. p - Couviaric* 
ackhdi-bromide. ♦ 

Methyl derivative 

CJI,(OMu).CHBr.C]IBr.GO,n : [110^]; colour- 
less crystals. Formed hy combination of the* 
methyl derivative of p-couniaric acid wilh Br. 
Di-methyl ether 

CJI,,{OMc).CIlBr.CHBr.CO.,Mc : [118=] ; m. 

6ol. ether and chloroform. Formed by com¬ 
bination of tho di-mothyl ether of ^>-coumari® 
acid with bromine. When boiled Nvith aqueou£> 
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potash solution (80 p#.) it is converted into 
the methyl derivative of a-bromo-p-vinyl-pheno 
<!„H.(OMe).OH:CHBr (Valentini, G. 16, 421 
Eigel, S. 20, 2536). 

Di- bromo - di- sso-oxy-oa-di-pheayl-propionic 
acid C|,H|jl5r.jO,. Di-bromo-di-plwtiopropumic 
acid, i'ormod by bromination ot di-pliono-pro- 
pionic acid CIIj.CiCsIljOHjo.CO.H. Amorphous 
powdbr. Sol. alcohol, insol. water. 

Di-acetyl derivative C,-,H,„Ilr2(OAc)./A; 
insoluble light yellow powder,(]!ottingcr, B. 16, 
2073). 

Tri-bromo-p-oxy-phonyl-propionic acid 
C.Hsllr(OHl.Olll’.r.Clir,r.CO..IT. Bromo -p- 
coumaric-ac'ul-di-bromide. [188°]. Obtained 
by the action of bromine upon p-coumario 
acid. Needles. Uy alcoholic KOTI it is con¬ 
verted into tri - bromo - oxy - ethyl- benzene 
■C„H,Br(On).CIlBr.CIT.,l!r. 

Methyl derivative 

C„H,Br(Oj[e).CT]Br.CIIllr.COJI : [102°] ; 

needles. Formed by the action of bromine 
upon the methyl derivative of yj-conmario acid 
C„H,(Oi\re).CTl:CH.CO.H. By heating with 
aqueous KOII (iiOp.c.) it is converted into bromo- 
methoxy - phenyl - ncetylone C,H3Br(OMc).C;CH 
(Eigel, B. 20, 2534). 

o-o-O-tri-bromo-o-oxy-phenyl-propionic acid 

Methyl derivative 

-CenjBr(Oile)CIIBr.CHBr.CO.,H. [185°-188'’]. S. 
(chloroform) '42. From mcthyl-o-coumario acid 
and bromine vapour (Berlvin, C. J. 39, 417). 
White nodules (from benzene). 

Boiled with sodium acetate it gives oft CO^ 
forming the methyl derivative of o-caio-dibromo- 
-o-vinyl-phenol, C,iHaBr(OMc)CJl2Br, a viscid 
oil. fitrong KOII (1:1) gives the methyl deriva¬ 
tive of bronio-oxy-phenyl-propiolic acid (g.n.). 

Tetra-bromo-o-oxy-phonyl-propionic acid 

Methyl derivative , 
•C,njBr.,(dMe).CIIBr.OHBr.COjH. [202°]. From 
the preceding and Br (P.). , 

DI - BEOMO - DI - OXY - DI - PHENHh SDI- 
PHIDE. S(O.II,Br.01I),. [173°]. From p- 

bromo-phenol and SClj in CS, (Tassinari, 0. 17, 
91). Amorphous, reduced by zinc-dust to 
e(C.H,OII)... [128°]. 

DI - BBOMO - DI - OXY - DI - PHENYL. SDL - 
PHONE. Di • methyl derivative 
SO.iC„H,(OMe)Br).,. [l'(i0°]. From SO .(CJl.OMe)., 
«nd Br. Small plates, v. sol. boiling alcohol 
(Annaheim, A. 172,48). , 

Di-cthyl-derivative ^0.;(C,ilIj(OEt)Br)j. 
[183°]. 

Di -1 soamyl m'rivative 
■ SOJC.H „(OC,lf, ,)Br),., [100°]. 

letra-bromo-di-oxy-di-phenyl sulphone 
SO.,(CJI,Br.,.OH)j. [270°]. •From di-oxy-di- 
phonyl-sulphono and Br. Thick monoclinic 
prisms (from alcohol). 

TETRA - BEOMO - OXY - PHENYL-VALEBIC 
ACID. Methyl der^eative 
■C.H.,Br.,(OMc)CnBr.CF.tBr.CO..H. [159°]. From 
(o) and (B) methoxy-phenyl-angelio acids and 
bromine vapour. Crystallised from light petro¬ 
leum (Perkin, C. J. 39, 437). 

Di-bromo-di-oxy-phenyl-valeric acid 

Methylene derivative C,,II„BrA i-e- 
-CH.;<^y^C,IIj.C,H„Brj.COaH. Di-bromo-]riper- 
■hydronic arid. [130°-110°]. From (a)-hydro- 


piperic acid and Br (Fittig a. Mielck, A. 172,169; 
Weinstein, A. 227, 83). Warm NaOHAq gives 
piperic acid. Sodium-amalgam gives hydro- 
piperic acid. 

Tetra-bromo-di-oxy-phenyl-valeric acid 
Methylene derivative 

Cnj<Q>C„Ha.CHBr.CHBr.CHBr.CnBr.COaH- 

Tetra-hroino-pipcrliydronic acid. [1C0°-1G5°]. 
IVom piporic acid and Br (F. a. M.). Alkalis 
give HBr and piperonal CIl.X).»C,iH3.CnO. Boil¬ 
ing water produces II Hr and ‘ d i- b r o m o ♦ p i p e r- 
inide ’ Oi.ilqBr.p,j [130'^]; this body crystallisoa 
from alcohol in prisms, iiisol. water and alkalis, 
converted into piperonal bv boiling aqueous 
NaXOq. Further treatment* with water con¬ 
verts di-bromo-piporinide into bromo-oxy-piper- 
inide 0,Jl„l)rOs [132®], which separates from 
alcohol in monoclinic crystals, insol. aqueous 
Na..CO,. 

BROMO-DI.OXY.PHTHALIDE. DUnethyU 
derivative Cy^Hj^BrO^ i.e. 

CABr(01Me),<^”, >0 [a::C:5:=]. 

Bromo-pscudo-mcconine. [142°]. White floocu- 
Icnt solid (Salomon, B. 20, 887). 

BROMO-OXY-PIPEEINIDE v. Tetiu-bbomo- 

DI-OXV-PlinNVI..VALEIirfi ACIn. 


a-BEOMO-B-OXY-PROPIONIC ACID 
j CjH.BrOa i.e. CIL(()II).CHBr.CO.JI. Bromo- 
\ hydracrylic acid. Formed by warming silver 
j o8-di-bromo-propionatc with water (Bcckurts a. 

I Otto, B. 18, 230). Syrup; converted by moist 
! Ag.,0 into glyceric acid. Salt.—ZnA'^. 
B-Bromo-o-oxy.propionic acid 
CH-Br.CH(OH).COJl. ^-Bromo-lactic acid. 
[90°j. From c,'.y-acrylic acid and HBr (Melikoff, 
B. 13, 968). Prisms (from ether); miscible 
with water. 

Di-ethyl ether CHjBr.CII(OEt).C02Et. 
From Oil Br.Cnilr.CO.Et and NaOEt (Michael, 
J. pn [2] 35, 136). 

oB-Di-bromo-a-oxy-propionic acid 
CIIJ!r.C]Jr(01I).C0..1I. Di-bromo-laclic acid. 

[98']. From acrolein dibi'omide and cold dilute 
HNO, (Linnemann a. Peni, B. 8, 1101). 

BB-Di-bromo-a-oxy-propionic acid 
CnBrj.CII{On).CO.TI. Di-brumo-lncHc acid. 
From the nitrile and HCI.\q. Syrup. 

Nitrile CHBr.,.CIl(OH).CN. From di- 
bromo-aldehyde and HCN. Oil (Pinner, A. 
179, 71; B. 7,1.501). 

BBB-Tri-bromo-oxy-propionic acid 
(JBr.|.CH(0IT).C02H. Tri-bromo-laciic acid. 
[143°]. From bromal, IlCN, and IICI (Pinner, 
B. 7, 1501; AVallach, A. 193, 50). 

Ethyl ether EtA'[4()°]; prisms. 

Nitrile OBi',|.OH(()II).ON. From bromal 
hydrate and cone. HCNAq. Prisms, v. sol. water. 
Tri-bromo-cthylidcne ether V. Beo- 

SIALIDE. 

o Tri-chloro-%lhyHdcne ether 
CC1,.«H(03HBr,,0,)2. [134°]. Formed by heating 
tlio acid with chloral. 

DI-BROMO DI-OXY-PEOPYl-BENZENE V. 


BnoAio-EOOENor.. 

Di-bromo-trx-oxy-propyl-benzone. Di-bromo- 
propyl-pyrogallol. 

Di-methyl derivative C„H,4Br,Oj *.«. 
C„(03H,)Brj(dn)(0Me)j. [109°]. Acetyl deti- 
vativB 0.(C,H,)Br3(OAc)(OMe). [102°]. 
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Methyl di-acetyl derivative 
0 ,(OsH,)Brj(OAo)2(OMe)« [79°]. These com¬ 
pounds are formed by brominating the corre¬ 
sponding derivatives of tri-oxy-propyl-beiizene 
(Hofmann, B, 11, 331; llreziiia, M. 4, 492; 
JPastrovich, M. 4,18r>). 

BI-BROMO DI-OXY-DI - PROPYL - MALONIC 
ACID (ClOr.CH{0II).CH,),C(C0,H),. 

Di-lactone 


CHaBr.CII.CI£„v XH...Cn.CII.,Br. 

I " I ‘ [130°]. 

O.CO / \CO .0 


From di-allyl-malonic acid in glacial IlOAc by 
Br (Pjelt, B. 15, 025; A. 210, 01). The tctra- 
bromido (CH 2 Bi'.Cni)r,CfL)aC(COaTI)^ is lirst 
formed, but splits oil 21iL>r. Small plates (fi oin 
alcohol). Iiisol. cold water, si. sol. boiling 
water, v. sol, warm alcohol, si. sol. etlier. 
When boiled with baryta it ought 1o form 
Ba(C0.,),C(CH,.CH(0H).Cll,011), but this splits 
o3 BaCO^ forming tho lactonic acid; 
cnaOri.cii.cii,.v 

1 ' >CH.CH.. CH(OII).CTI ,On. 

O-CO / 


DI-BROMO-OXY-PYRIDINE C,H 3 r»r.,NO ie, 
CJI.J3ra(OIl)N. Prepared by heating piperidine 
with Br and water to 200" (Hofmann, B. 12, OHl). 
Glistening scales. SI. sol. water, otli<!r, and 
alcohol. Sol. aciueous acids and alkalis.— 
(B'HCI),PtOI,: long nccdlos.-C.HAgBr.ON; 
white pp. 

Methyl derivative: [103°J; longneedlos. 

Di - bromo - oxy - pyridine OJLBi.;(OIT)N. 
[207°]. Long whito needles. Formed by add¬ 
ing bromine-water to a solution of oxy-pyridino 
[107°] (Konigs a. Geigy, B. 17, 501). 

Di-bromo-oxy-pyridine ♦(JJI-Br._;(()H)N. 
[c. 200°]. Formed by the action of bromine- 
water upon (/3)-oxy-pyridine [1.25 Colourless 
needles. V. sol. water and alcohol, nearly insol. 
benzene. FcaCl,; gives a violet colouration. 

Salts.—B'nilr: small whitti silky n cdles. 
B' 2 lI..S 04 ’‘: easily soluble plates. : 

ueedios si. sol. alcohol. Tho picrate forms yel¬ 
low needles (Fisclier a. Benonf, Ji. 17, I-SOS). 

BROMO - OXY - PYRIDINE - CARBOXYLIC 


ACIDCj,H.,N(Br)(OH)CO.Pl[l:;c:2:5J. Dromo-o.nj. 
nicotinic acid. [2y(h'J. Obtained by snponillca- 
tion of the methyl-etlicr, wliicL is formed by tho 
action of aqueous Nll^ upon tlio methyl-ether of 
bromo-cumalic acid. Bl. sol. Iiot water, nearly 
insol. ether, alcohol, and acetic acid. 

Methyl ether C;,Il.>N(Br)(On)CO.^Me. 
[222°J. blender glistening needles. Sol. hot 
water and hot alcohol. 

Phenyl derivative of the victhyl-ether 
04 H.^N(Br}(OPh)CO..Me. [183°]. Formed by the 
action of aniline on the methyl-ether of cunialic 
acid in alcoholic solution. Distils without de¬ 
composition ; white glistening needles, sol. al¬ 
cohol and ether, insol. wateV (Pechmann a. 
Welsh, B. 17,2398). * » 

DI-BROMO-OXY-QUINOLINE • 
C„K 4 Br:^{OH)N. [195°]. Prepared by Ihe action 
of bromino-watcr on a solution of oxy-quinolino 
(Bedall a. Fischer, B. 14, 13C7). Wli te silky 
needles. Sol. alcohol, ether, benzene, CS.^, nsol. 
water, ligroin, and dilute acids. 

V, also BnoMO-CAnin»STYRiL. 

BR0.M0. (B.4).OXY.QUINOLINE TETRA- 
HYDBIDB. Ethyl ether CsH*Br 3 (OEt)N. 


[45°]. Obtained by ad^g bromine to a eooloj 
chloroform solution of (Bf4)-ethoxy-tetra-hydro» 
quinoline. Long tricliiftc crystals. The hydn>- 
clilorido crystallises in felted needles, the sul¬ 
phate in colourless plates, and the oxalate in 
prisma. The picrate forms sparingly soluble 
yellow needles [108-'!. TJio nitrosamino forum 
glistening plates [ 8 G°J (Fischer a. Ilcnouf, B. 
17,750). • 

• DI-p-BROMO-DI-OXY-QUINONE 
C,ir>ro(OII)jO., Bromanilic acid, 

Foruhition. —1. By dissolving di-, tri-, or 
tetra-broino-quinone in potash (Stenliouse, A, 

; 91, 3U; Harauw, A. 209, 115).-2. By heating 
i the sodium salt of di-oxy-(jiriione-di-^-carbo- 
! xylic acid with cone. TIBr.—3. Tog<.tbor with 
1 tetrn-bromo-fjninono l)y heating (l,3,.5,2)-tii- 
bromo-plynol with pyrosulphuric acid at 115° ; 
the reaction is anomalous as the two Br should 
remain vi to one anollier (Salzmami, B, 20, 
1997), V. also Di-caLono-in-o.XY-QUJNONE. 

Properties, — Monosymiaetrical dark-rod 
noodles or bronzy plato.s. Converted by Br into 
bexa-bromo-acotoiie. A neutral solution of tho 
Ka salt gives the following reactions :—CaCL: 
brown pp.—BaCL: yellowish-brown pp.—FeSO^ 
and NiSO^: grconisli-groy pp. —Fe.Dl,.: brown¬ 
ish-black.—C o(NO;,) 2 : brown.-Pb(*()Ac), 2 : rc'd- 
disli-brown.—CuSO^: greenish-brown. —AgNO, 
and irg.(NO;,)a: rod. IlgCL: no pp. 

Salts.—Na.^A"4aq: asymmetric crystals.— 
K.A"2aq: asymmetric cry.'^tals. — K,A"aq 

(liantzscli, B. 20,1303; ITanlzsch a. Schnitcr, 
B, 20, 2040, 2279). 

Di-bromo-di-oxy-quinone. Di-viethyl de¬ 
rivative C^Br.^(OMe)„0„. [L75'J (Hofmann,B. 

; 11. 332). 

I Tri-bromo-oxy-quinono C,.(01l)Br,O.;. [207°]. 

! From oxy - hydnupiinono and l»r (Ur. th a. 

Schreder, M. 5, 593). Orange grains ; sol. alco- 
! nol and GITCI 3 . 

! DI-BROMO-OXY-TOLUIC ACID. Me i hy I 

^ ei;iCj/C,Hltr,.Me(OMc).CO.,lI[?:?:4;2:l]. [194°]. 

1 From the metiiyl derivative of (li-broino-thymol 
I bv oxidation (Paterno a. Canzoiwri, G. 10, 233). 
i “ DI-BROMO-OXY-TOLUQUINONE 
; C,iMeBr^(011)0.j. |197'']. Formed in small 

; quantity by tho action of dilute KOH on tri- 
i bromo-toluquinonc (»Spica a. Magnauimi, 0, 13, 
312). 

BROMO - OXY-TOLYL-PHENYL-KETON 5 . 
CARBOXYLIC ACID 

C„iX,(CO,I#).CO.r JI,(CH,)(Bi)OlI. [228°]. Pro- 
pare<l l»y tho action of Br and acetic acid on an 
alcoholic solution of o-ores d-i>hthaloin. Small 
prisms. Jiy heating wi'h TLSO, to 130° it ia 
readily converted into broino-oxy-mcthyl-anthra- 
' (luinouo. G hlor id e 1208'j (I'’raudc, 7^12,239). 

DI-B-BROMO u OXY-a-TOLYL-PROPIONIC 
ACID ^e. CriIlr,.C(fMl;)(OH).C03H. 

Di-hromo-cso-nu'iiLyl-atrolaciic acid, [103°]. 
Prisms or needles. ^Prepared hy dissolving 
di-bronio-i)yruvic acid and toluene in Il 2 S 04 at 0 °. 
By hot water it is decomposed into CO* and 
tolyl bromo-metliyl ketone C.IIj.CO.CH^Br. On 
reduction it gives cso-methyl-atrolactio acid 
(Bottinger, B. 14,1597). 

BROMO-OXY-VALERIC ACID. Lactone. 
CH 3 .CH.CHBr.CH.j.CO.O. From /Sy-di-bromo- 

valeric acid by boiling with water (Messer. 
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schmidt, A, 208, 102]k Kon-volatile oil; eon- 
verted by boiling bSryta-water into di-oxy- 
talerio acid. 

Di-bromo-oxy-valerio acid. 

Lactone CH..Br.CBr.CH...CH.,.C0.0 or 

t___ ^1 

CH,.CBr.CHBr.CH...CO.O. From 

I _ I 

(a)-Wgclieo-lactoiie and bromine. Tliick white 
hygroscopic needles (from CB^). Water can. 
verts it into HBr and bromo-le ^ulic acid (Wolil, 
A. 229, 2(14). ' 

DI-’bROMO-PALMITIC acid 
[ 29''’]. Fi otii h 3 ’pogauc acid and 13r (Schroder, 
A^ 14B, 21). Amorphous and insol. water. 
Alcoholic KOH converts it into bromo-hypogioio 
and palmitoUc acids. Atiuoous alkalis form di- 
oxy-palmitic acid. 

Di-bromo-palmitic acid 0 „.Tf 3 ullr.A^. From 
ga'iolic acid and Br. Crystalline ; converted by 
alcoholic KOH into palmitolic acid (S.). 

Tri-bromo-palmitic acid G,jr.,lh:,O.M [50°]. 
From bioiuo-hypogji'ic acid and Ilr. Amor¬ 
phous (S.). 

Tetra-bromo-palmitic acid. C^.^Lj^Br^O.^. 
Yellow crystals. 

BKOMO-PALMITOLIC ACID C„H,,-BrO... 
1 ; rom tri-bromo-palmitic acid [v, siqh) 
and alcoholic KOH (S.). 

BROMO-PENTAKE v. Amyl BimwiDK. 
a; 3 -Di-bromo-pcntane C^II,ol3r.^ i.c. 
CHj.CHo.CljBr.CIlBi'.CHa. Amylcue bromide. 
(178 '). 8 .G. yi'Osii.S. From tlic corresponding 
amylene and Br (Wagner a. Saytzeff, A. 179, 
307). 

aw-Di-bromo-isopentano Br.CIL.CHBrj{. 
Isoamylidcnc bromide. (170'’-180'^). From iso¬ 
valeric aldehyde and I’ClaBr.^, (Bruylants, B. 8 , 
400). Ak’t.'holic KOII gives -PrCII:CliBr (111°) 
andrr.C-CH. 

aa-Di-bromo-pentano Pr.CBrr.CIIa. From 
methyl propyl ketone and rCl.,Br„ (ft.). %»Ut up 
by distillation into IIBr and i’r.CL>r:Cri._. (123°;. 

aifl-Di-bromo-isopentane 
(CH,,).,.CBr.CHBr.OH,. (170°-175’K 
1-0370. M.M. 12-9i7 -at 12-0 ^ From tri- 


Tatn-bromo-pestane OcH^r^. Iso^ene 
tetra-hromide. From isoprene (Tilden, 6. 2f. 
46,120). 

Penta-bromo-pentftne CjH.Br,. Two bodies 
of this composition are formed by the action of 
Br on valerylene in sunlight (B.). 

BROMO - PENTENYL ALCOHOL Ethyl 
ether C,H„BrO i,e. CjH.Br.OEt. (177°-180°). 
H.G. 1-5 1*25. From tri-bromo-penlano andalco- 
holic KOH (Beboul,.4. 133, 81). 

BROMO-PENTINENE v . Bih)Mo-valkbylenjs. 

BKOMO-PHENANTHRAaDINONE v. Phen- 

ANTTIR.\QUINONR, 

BROMO - PHENANTHRENE v, PhSnan- 

THUKNE. • 

BROMO-DI-PHENIC ACID 

COJI.C„H,.C,H:,Br.CO,H. f23(;°uncor.]. Formed, 
together with its di-broinide, by heating diphe- 
nie acid with bromine at S0°-100°. Small 
wljito prisms. Sublimes witli dillieulty. Not 
volatile with steam. V. sol. alcohol, ether, and 
acetic acid, si. sol. benzene, chloroform andCS.j, 
insol. cold water. ^ 

Salts.--A"Na.: white v. sol. amorphous 
powder.—A"Ba3a(i: sparingly soluble needles.— 
A"Ag^: white insol. pp. —A"Cu: si. sol. amor¬ 
phous green powilcr. 

Di-ethyl ether A''fit. 2 : [05°J; crystals 
(Claus a. l-lrler, !>’. 19, 3110). 

Bromo-di-phenic-acid-di-bromide 
C, 3 H,Br,(C( 0 .il).. [250° uncor.]. Formed in 

small quantity (15 p.c.) by heating diphenicacid 
; (1 mol.) witli bromine (2 niols.) for 8 days at 
i 100 °. (^listening colourless needles (from hot 
! alcohol). 81. sol. ordinary solvents. Its alka- 
^ line solution decomposes very easily^ on heating, 
forming salts of di-bromo-di-pbcnic acid. It 
I has a very bitter peculiar taste. - A"Na : soluble 
; silky plates (Claus a. Kdler, B. 10, 31.52). 
i Bromo-di-phcnic acid 
[4:1] ^!„ir,(C()OH).CJl 3 Br.COOir [1:1:21. [208°]. 

1 Formed by oxidation of the liquid (1,4,1',4',2') 

I inono-bromO'ditolyl with CrO., .-ind acetic acid 
j (Cavnelloy a. Thomson, C.J. 47, 500). 
i Di-bromo-di-phonic acid C,,UJ>r./4,, [200°]. 
j From di-bromo-phenant]iraquinone,lCOro()., and 


methyl-ethylene and Br (Wurtz, A. Ch. [3] 35, 
458; Bauer, Bi. 2,140). Converted by water 
(20 vols.) and ThO at 150-’ into methyl iso- 
]jropyl ketone (EUekol'f,*/. It. 10, 215). 

Isoamylene dibromide, formed by combina¬ 
tion of Br with isoamylene fram cru4e fiisel oil, 
is a mixture of several of the preceding di- 
bromo-pentaues {Calv)urs, C. H. 31,201; W urtz, 
A. Ch. [3] 4, 458 ; A. 123, 202 ; ileboul, C. B. 
68 , 1058; A. 133, 8 -l;*Bauer, Bl. 18G0, 148; 
A. 120, 107; Z. 1861, 590; •Golowkinsky, A. 
Ill, 2.52; Olovinsky, /. 1801, 67-1). 

Valerylene dihydrobromide (170°-175°), 
formed by tlie union of IIBr with crude valcryl- 
ene is also a mixlui-c of ^l-bi'onio-pentanes. 

Tri-bromo-pentane CJIuBrs. From bromo- 
isoamylene and Br. 

Tetra-bromo-pentane CJlKBr^. Valerylene 
tetrabromidc. [-10°]. From crude valerylene 
and Br (Reboul, A, 132,119; 135, 372). 

Tetra-bromo-peutane CjH^Br^. Bipcrylcne 
tetrabromidc. [115°]. From piperyleno and 
Br (Hofmann, B. 14, 664). A liquid isomeride 
is also formed (Magnanimi, 0. 16, 390). 


i ILSO^. Geodes of small crystals, v. si. sol. hot 
water, insol. alcoliol and ether (O.stcnnaycr, B, 
7, lOIJl). 

Di bromo-di-phenic acid C,.H,iBrJCO.H).. 
[245° uncor.]. Formed by heating di-phenic 
j acid (1 mol.) with bromine (2 mols.) at 200 °, or 
by.heating aqueous solutions of salts of mono- 
broino-di-pheuic-ncid-di-bromide. Small glisten¬ 
ing needles. Not volatile with steam. Sublimes 
with diOiculty. SI. sol. benzene, chloroform, 
acetone, CS., and hot water, nearly insol. cold 
water, v. sol. alcohol, etliev, and acetic acid. 

Salta.—The alkaline salte are very soluble 
I amorphous glassy masses. — A"Ago: white 
[ ^movphou.s pp.-A"tla3aq: easily soluble plates. 
' —^A"jPl:^: si. sol. microcrystalline powder. 

Di-ethyl ether A'Bt.: [106° uncor.] 
crystals (Claus a. Edlor, B. 19, 31-49). 

o-BROMO-PHEKOL CABrO i.c. C..II,Br(OH) 
[1:2]. (195°). From o-bromo-anilino by the 

diazo-reaction (Fittig a. Mager, B. 8 , 362; 
Koriier). Formed in small quantity in broini- 
nating phenol (Hiibner a. Brenkon, B. 6 , 171), 
Oil; volatile with steam. Potash-fusion givM 
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rasotoiti. HNO. forms bromo-di-nitro'phenol 
[ 118 ®]. 

Methyl sffcsr C^H^Br.OMe. (223°). From 
the methyl ether of o-aimdo-phcnol by Sand- 
meyer's reaction (Wallach a. llenslcr, A, 213, 
238 ). 

m-Bromo-phenol CJI*Bi(OH) [1:3], [33°]. 

(236°). From w-broino-aiiilino by the diazo- 
reaction (Korner, G. i, 381); Wiirstor a. Noltin;j;, 
D. 7, 905; F. a. M.). Crystalline. Potash- 
fusion gives resorcin. JINO 3 gives bromo-di- 
nitro-phenol [ 1 ) 2 °]. 

p-Bromo-phcnol CJI,Br(On) [1:1]. [01°]. 

(237°). S.It. (18°-77°) -nni. ^ 8 . M22 at 15°. 

Ftrmatum.—1, By distilling broino-a-oxy- 
benzoio acid witlx*BtiC 03 (Cahours, A. Oh. [3] 
18 , 102).—2. By passing air saturated with Br 
(100 pts.) into cooled phenol (01 pis.) (Korner, A. 
137, 107).—3. Bromino (lOOg.) is dissolved in 
glacial HOAc (200 g.) and added to phenol (01 g.) 
dissolved in HOAc (300 g.) (Hiilmera. Bronheu, 
B. 6 , 171). -!. From ^-bromo-anilino by the 
diazo- reaction (K.; F. a. M.l. 

Properties* — Largo crystals (from chloro¬ 
form); si. sol. water, v.*ol. alcohol. Dinieliic; 
a:<5=«l:l*46. Its heat of noiitiiiUsation has 
been determined by Werner (0. li. 08, B»;i3; 
Bl. [2] 46, 281). Nitration gives bromo-di-nitro- 
phcnol [76°]. Potash-fusion gives resorcin. SCh 
forms S{CJ£ 3 rir. 0 II);i [17G°J (Tassiuari, O. 17, 
83). 

Methyl ether C,JI.Br.()Me. Bromo-anisol. 
(223° cor.). S.a. ai-lOl. 

Ethyl ether CJI^Br.OFt. (233°). 

Isopropyl ether C,JI,B>r.()Pr. (230°). S.tK 
2 1*1)81. fiu 1‘553. From isopropyl phenol and 
Br (Silva, BZ. [2J 13,27). ^ 

Benzoyl derivative CalljlTr.OBz. Crys¬ 
talline. 

Bromo-phenol (Fourth). (230°-233°) (Fittica, 
J. pr. [2] 28,176; B. 10,2632; A. Ch. [ 6 J 4, 5Gi). 

Preparation—Vhono) (lOg.), alcohol (iOg.) 
and amorplious phosjdiorus (3 g.) are mixod and 
cooled while bromine (17 g.) is a<l(led tbrough a 
capillary tube. The product is waslicd witli 
dilute NaXOj, dried and dislillt d. It cojitaijis 
di-bromo-phenol and the new body, d’lus can 
only bo distilled when in small quantities, in 
larger masses it undergoes carbemisation. 

Properties, solid at lOb 

Nitration. -Bromophenol (1 pt.), glacial 
acetic acid (3 pts.), and HNO., (S.C. 1*4) add<Ml 
gi’adually form crystals of a molecular compound 
0 «H 3 Br(NO,)OII.O,H.Jh-(NO,)./)iX wliich crysUl< 
lisea from alcohol and molts at [60^-65']. 
Fuming UNO., converts tliis into a bromii-di- 
nitro-phonol [I08°-1 lO-’J, isomeric with llan-c 
known. By the action of baryta on the above 
molecular conqioiiud a second such body 
(C,H.tBr(NO,)On).,CJl,Br(NO.,),OII is gut. 

The existence of four bromo»iihouols would 
bo contrary to the general ru^ that only three 
isomeric di- derivatives of benzene can l}f' ob¬ 
tained; according to Hand (.4. 234, 129) tljo 
fourth bromo-pheriol is merely p-bronio-phcnol 
of which the melting-point is lowe'-cd by a trace 
of moisture. 

Di-bromo-phenol CJliBr..(OTI) [1:3:4]. [10°]. 
S.H. (18°-73°) *2136. S. *194 at 15° (W.). 

i'offfwfiow.—1. By distilling di-bromo-sali- 
oyBo acid wi& baryta (Cahours, A, 52, 320), or 


by heating with dilate at 280° (Peratoner, 
O, 16,402).—2. By passing bromino-vapour (2 
mols.) into cold phenol (1 mol.) (Korner, A, 137| 
205). 

Properties. — Crystalline mass, v. si. sob 
water, v. sol. ordinary solvents. IINO^ forma 
picric acid. It4 he;it of neutralisation has been 
determined by WiU'H. r (6b 76 9^5, 1333). Heated 
witli dilute H.SO, in s<'aled tubes, it is converted 
inCb mono- and, tii-broino-plienol (Peratoner, 
0. 16, 403). 

Methyl cfAcr CJI.,Br.,(OMe). [50°J. (272°). 
From di-bromo-phenol, N:iOII, ^and McI. 
Formed also by broiniimting aiii.sol(G.). 

Nilro-benzoi(l derivif li.-e 
C,lP,Br.,O.CO.C,Jl,XO,. [90'-10()‘J. From ben- 
' zoyl-phenol by brominalion followed by ni- 
• Iraliou. 

Di-bromo-phenol CJT1h\(OTI) (6:2:1]. [56°]. 
Formed by distilling tclra-bromu-plicnol-pljtlui- 
loin with cone. H._,SO, (Baeycr, A. 202, 138). 
Also from di-bromo-p-amido-phrnoi by displacing 
Nil., by H (Muliliiu, I). 15, 2J9i). Mass of thin 
needles (from water). 

Bi -bromo - phenol C,.TT_d>r ,(OII) [1:3:6], 
[76*5°]. Formofl, logotbor with its methyl ether, 
by heating i-tri-bromo-bonzenc with NaOMe 
; (Blau, Af. 7, 621). Converted by poliudi-fusion 
into phloiogluciii. 

Methi/l ether CJT..Br..(()Me): [38°]. 

Ethi/letJu’.rCJl,Ui\{OVA). (268 ). Formed 
by boiling di-hioino-o-di ii/.o-])henelol nitrate, 
C,HJh-,(01::t)N.,NO,, with water (MOliluu a. 

, Oolimiclien, J.pr. i.32, -182). 

I Xri - bromo - phenol 0,Hdh*.(r)Il) [2:1:0:1], 
j [92 j (Wilsin'i, A. 215, 235); [95'J (Korner). S, 

I *007 at 15 (W.). 

j i'ormaitoii.—l. From plumol and Br ^Lau- 
i rent, A. Ch. [3] 3, 211; Kurner, .1. 137, 20S). • - 
i 2. By distilUK'g tri-bromo-ralieylic acid with 
' Band and baryta (G.).—3, By treat ing indigo with 
; bromine-wait ;—4. From polas.siimi phenol di- 
sulphoAtile and Br (Schmidt, IJ. II, >^ »2p 
! Properties. — Long Bilky lun di< s (irom dilute 
, alcohol); may he sublimed. V. s). sol. water, v. 

; sol. alcohol. Its lieat of iiontrali^atiun lias been 
oxaniiued by Werner and Itcrtlidot (C. 11. 98, 
1333; A.Ch. [6J 3, 552). 

Peactions.—l. Nitric ■idd forms di-bromo- 
nitre-, bromo-di-nitro-, and Iri-uilro-phcnol 
(Armstro'i;' a. IlariW, C- J. 29. 476). 2. CrOj* 
and HOj'jc dvn tefa-bromo-quiiiuije and amor- 
plious insoldblo (\ ll,Br,.0, (B. o. did, .1. 199. 
131),—3. liroiiiiiiii-irater forin.-^ t.'.Il Br.Olh* (?) 
[118^] wliicli forms yidlo.-. iuM.i. water, 

etlier, and alcoiiol; itcxlo ii; the fuilowiiig re- 
adioiis: (a) At J3n ' it splil.s ui» into Br and the 
eom)H>und C...I I,,Br O,. (5) Aniliim forms tri- 

broiMO-plienol and 1; ' bromo aniline, (c) Phenol 
forms Iri-bromo-pii' 00). (d) It is .also reduced 
to tri-bromo-pheuol by Imiling alcohol or by So 
'and ilCl (BenodiJit, B. 12, 1005; ilT, 1, 360; 
Werner, Bl. [2] 43, 373). 

Ethyl ether C„II.Br 3 ,OKt. [69°]; prisms 
(Purgott'i, G. 16, r,2t>). ' 

I Propiomjl derivative CjTT,O,.0,;ILBr, 
[C5°] (Cruareschi a. Baccomo, B. 18,1174). 

Benzoyl derivative CJl^Br^OB/: [82°]; 
small colourless prisms; soluble in alcohol and 
ether, nearly insol. water (Bucconio, B. 18,1168)* 




' M-bromo-plieiiol 

> Ethyl OgH|Brg.OEt. [73®]. Prepared 
itom tri-bromo-di-azo'phenetol by boiling with 
water and extracting the product with other 
(Mohlau a. Oehinichen, J.pr. [2J 24, 484). 

Tetra-bromo-phenol C.,HBr 40 n [2:H:4;6:1]. 
[120®]. From tri-bromo-phonol and JJr at 180^^ 
(K.). Formed also by warming C^H^-BraOJlr {v. 
sup.)> with cone. HjSO,. Needles (from alcohol); 
may be subliniod. Bromine converts it into 
CJiBr^OBr [ 121 ®] which sopaf\Ues from chloro- 
form in monocUnic crystals dn-l is reduced by 
boiling alcohol or by Sn and IICl to tetra-bromo- 
phenol (BAiedikt, Jlf. 1, 301). 

Penta-bromQ.-phenol C,.Br 5 . 0 IT. [225®]. Ob¬ 
tained by heating tri- or tetra- bromo-phcnol 
with excess of l^r at 220® for some days (Xorner, 
j 4.137,210). Formed also by heating CJlBrjOBr 
with cone. H^SU, (Ihuiedikt, M. 1,300)? Adaman¬ 
tine needles (from 08^,); may be sublimed. 
Cone. IINO 3 forms bromopicrin and tetra-bromo- 
quinone. PBr^ forms C«Br„ (Gessner, B. 9,1505; 
Ituoir, B. 10,1231). 

Hexa-bromo-phcnol C^BrjOBr. [128®]. Pre¬ 
pared by heating tri-bromo-plienol wdth exccssof 
bromine in scaled tubes at 220®. Yellow crystals 
of trimctric system (a:5:c = l:‘82:*114), insol. 
cold alcohol, but decomposed by boiling into 
penta brorao-phenol. On heating with aniline 
it yields penta-bromo-phcnol and tri-bromo- 
aniline (Benedikt, M, 1, 303). 

TETRA-BKOMO-p-DIPHENOL v. Iktux- 

iJiwMo-Di-oxr-nipjiKNyL. 

TETSA-BROMO-PHENOL-PHTHAIEJN v. 

PflENOL-PIITirALKJN. 

BROMO.PHENOL o-SULPHONIC ACID 

0 „H 3 Br(OH).SOaII. The K salt is formed by 
adding Br (1 mol.) to an aqueous solution of 
potassium phenol o-sulphonate. The free acid 
is very doli(iuesccnt.—KA': pointed needles— 
BaA^^.—CuA'« (Senhofer, A. 15C' 114). 

Bromo-phenol j^-sulphonic aciA 
C„HsBr(OH)(S 03 H) [2:1:4], Formed a]|. in tho 
preceding case (S.), or by passing bi-omli.o- 
vapour into a cold cone, solution of phenol 
Bulphonic acid (Lo Cumi, C. li. 103,385). Beli- 
quescciit needles (containing 2aq).—KA'. 

Bromo-phenol sulphonic acid. 

Ethyl derivative C„H:,.Br(OFit)(SO.JT). 
From potassium pheneiol sulphonalc and Br 
JLippmann, J. 1870, 739). Dcli(iuescent mass 
(containing 4aq).—KA'. 

Bromo-phenol disu]phoni% acid r. * 
CeHJtr(011)(80.,Il).. [2:1:4:0j. From an aciueoiis 
solution of potassynn phenol disulphonic acid 
(1 mol.) by adding iJr (1 mol.) (Armstrong, C\J, 
25, 805; Schmidt, B. Vl, 852). Crystalline; v. 
sol. alcohol. 111. sol. ctlu-r. < FcXl.j gives a red 
colour. llN'Oa forms Ijromo-iutro-plu'nol sul- 
phonic acid, bromo di-nltro-plicnol, and tri- 
iiitro - phenol. — BaA" 2aq. — K„A". — PLA". — 

AfjjA". . ■ , 

Bi-bromo-phenol o-sulphonic acid 
C.HjBr,(OH)(SO,II) [2:1:1:U]. [120“]. Formed 
by brominatin}; potassium phenol o-sulphoiiate 
or bromo-phcnol o-sulphonic acid (Armstrong, 
C. 25,807; Senhofer, A. 166,110; Schmidt, 
J3. 11,856). Concentric needles; deliquescent. 
The aqueous solution is coloured violet byFejCl, 
and is ppd. by rb(OAc)j.— UNO, forms di- 
biomo-o-iiitro-phenol[117“J. Ba(C,H^rjSOJ,.— 


BaO„H,Br,SO,. — OdO,H,Br,SO, l^aq. — ■ 
KC.H,Br,SO,.-K,O.H,Br.^O..—PbO,,^r,SO,. 

Di-bromo-phenol j7-itiiphonio acid 
0 ,,H 2 Brj( 0 H)(S 03 H) [2:6:1:4]. From potassiam 
phenol p-sulphonate (1 mol.) and Br (2 rnols.) 
(Senhofer, A. 156, 103; Armstrong a. Brown. 

O. J. 25, 857); or by passing bromine-vapour 
into an aqueous solution of phenol p-sulphonio 
acid (Lo Canu, G. li. 103, 386). Formed also by 
diuzo- reaction from di-bromo-sulphanilic acid 
(Schmitt, A. 120, 161). Bectangular scales 
(containing aq). The solution is coloured violet 
by Fc^Cl, but is not ppd. by Bb(OAc).,.— 

KCJI,Br,SO, aq. - K.OJIjBr.SO; 2aq.- 

Ba(G„H 3 Br.,SO,)„ 2aq.—BaC„H'Br..SO, 4*1. 

BEOMO-PHENOXy-ACETTC ACID ii. Brmno- 
phenyl derivatire of Olvoollio aciu. 

BEOMO-PHENOXY-PKOPIONIC ACID v. 
Brutim-phdnyl derivative of Lactic acib. 


o-BEOMO-DIPHENYL C„II„Br i.e. 

C^Hj CjlliBr [1:2]. (208 '). Formed by decom¬ 
posing o-diazo.diphenyl perbromide witli alcohol 
(Schultz, Schmidt, a. Strasser, A. 207,353). Oil, 
zincllingof oranges; oxidised by CrOj too-bromo- 
bonzoic acid. * 


p-Bromo-diphcnyl C„H,,.C„II,Br [1:4]. [89°] 
(310° i. V.). ^ Formed by adding Br to a solution 
of dipbenyl in CS.^. Laminie; v. sol. liot alcohol 
and HOAc, v. e. sol.ether. Smells like oranges. 
Chromic acid oxidises it to p-bromo-benzoic acid 
(Schultz, A. 174, 207). 

pp-Di-bromo-diphenyl [4:1] C.TLBr.C TI.Br 
[1:1J. [164°] (G.; F.); [162°] (0. a. T.). (c.3o8°). 
Formed by heating diphenyl dissolved in CH^ 
with bromine at 100° (Fittig, A. 132, 204; 
Carnelley a. Tliouison, G. J. 17, 588). Also from 
beuzidino by l^e diazo. reaction (Griess, Pr. 13, 
383). Prisms and octahedra (G. a. T.); v. el. 
sol. hot alcohol, slightly volatile with steam. 
Smells like oranges. Oxidised by GrO, to 
p-bromo-beuzoic aeid. 

IJ^ri - bromo - diphenyl [4:1] G^H.Br.C.HaBr.^ 
Forined by the action of bromine on a mixture 
of diplienyl and p-tolyMienzeiic (Garnelley a. 
'j'liojiisuu, C. J. 47, 587). Colourless silky 
needles, si. sol. alcohol, not volatile with steam. 
CrOj in HOAc gives ji-liroino.ben/.oic acid. 

DI-BROMO-DI-PHENYL-ACETAMIDINE 
C„II,,,Br 2 N., i.e. GH,.C(NllG„U,Br);NC,lI,Br. 
From p-bromo-aniline, ITOAc, and I’CI, (beim- 
stedt, B. 13, 233).— B'nci.-- Byi.PtCl.. 

o-BROMO-PHENYL-ACETIC ACID CJI BrOj 
i.e. [2:1] C.H,Br.Cll,CO.,ll. [104°]. From phe- 
nyl-acctio acid, bromine and HgO. ,Separated 
from the p-conipound by its more soluble barium 
salt (Bedson, G. J. 37, 95). Fiat needles (from 
water). Monoclinic tabkts (from glacial acetic 
acid).—o;b:c==l:-(;57:l-767; a^.99° 44'. KMnO^ 
oxidises it to o-bromo-benzoio acid.—CaA',.— 
A'rA'. * 

Nitrile Gflli,Br.CH..C^. Oil (Jackson a. 
White, Am. 2, 316). 

la^Bromo-phenyl-acetic acid 
l 3:1] 0,H,Br.CH2.CO,,H. [97°] (J. a. W.); [100°] 
(G.). From (3, 4,1)- bromo-amido-phenyl-acetio 
acid by removing (Gabriel, B. 16, 841). 

Nitrile C„H.Br.CHj.CN. OU (Jackson a. 
White, P. Am. A. 1C, 256). 

p-Bromo-phenyl-acetic acid 
[4:1] C„H,Br.CHj.CO,H. [116°]. Prepared by 
treating phenyl-acetic acid with bromine and 
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HgO ^edson, 0 * /. 87 , 04 ).— ^Long fiat noedles; 
may be sublimed. Oxidation gives jp>bromo- 
beszoio acid. 

Salts.—AgA'.-NH,A'. — BaAV — CaAV— 
OuA',. 

Nitrile O^H^Br-CHyCN. [47'^]. Prepared 
by boiling^-brorao-bonzyl bromide with alcoholic 
KCN (Loring Jackson a. Lowery, B. 10,1210; 
Am, 3 , 248 ). 

a-Bromo.phenyl-acetic acid C^TT^.CHBr.CO JI. 
[ 84 °]. From mandelio acid and cone. HBrAq at 
130 ° (01a>ier a. Eadziszowski, Z. 1808, 142). 
Formed also by brominating pljenyl-acotic acid 
at 160 ° (Badziszewski, B, 2, 208). Monoclinio 
crystal^ (from CS^). Reduced by sodium- 
amalgam to phenyl-acetic acid. Boiling NaOUAq 
gives mandelio acid C«H.,.CH(On).COJI. 
Alcoholic KOn gives C^H,.CTT(6Et).CO^lI. The 
ethyl ether is converted byalcoliulic KCy into 
002 Et.CnPh.CHPh.C 0 ,Rt, and by Na into 
CO*Et.CPh:OPh.CO.,Et. 

NitrilG C,;H-,.CIiJir.CN. Is the chief pro¬ 
duct of the action of bromine on benzyl cyanide 
at 120°. Sol. alcohol and otli^r. On licating to 
170° or with alcoholic KCN it gives di-cyano- 
stilbeno. Willi an excess of KCN cll-cyano-di- 
benzyl is also formed. On boiling with alcoholic 
EOU it gives slil beno-di-carboxylie acid (Reimcr, 

B, 14, 1797). 

Hydrobromide of the Nitrile 
OaHi.CHBr.CBriNTT. Phenyl-hrouio-acelimido- 
bromide. Formed together with tlio nitrile by 
the octionof bromine on benzyl cyanide at 1.20'; 
the yield being 15 p.c. Coloiirless crystals. 
Bitter taste. Its vapour attiu k: li.e eyes. V. si. 
sol. all solvents, most casii; in boiling acelio 
acid. Decomposed by wa‘.-r and alcolnd.— 
HCl at 150” converts it inW a ># imo-phenyl- 
acetic acid (?) and Nit,. Diluiti ITCl at 150’ 
converts it into NII-„ mandelio acid 
(CJl 5 .CH(On).CO..H), and llBr (Ituimcr, B. 14, 
1797 ). 

a-Bromo-di-phenyl-acetlo acid 
(C„H,) 2 CBr.CO.,H. From diphcnyl-acetic acid 
and Br at 150 ’. Converted by boiling water 
into bcnzilic acid CL'h;^(OH).CO.^H (Symons a. 
Zinoko fA, 171,1.81). 

Bi-bromo-phenyl-acotic acid 

C, n 3 Br.,.CH.,.CO,U. [115°]. Formed by action 
of sunlight on mixture of o- and p- bromo-phcnyl- 
acetic acids and Br. Purilied by conversion into 
the methyl ether, distillation and saponification 
(Bedson, C. J. 37, 90). White needles.—AgA'. 

BROMO-PHENYL-ACKYLIC ACID v. Bi iOMD- 
ciNNAMio AOID and Bbosio-atbdpio Acin. ' 

DI - BROMO - DI - PHENYL - ALLOPHANIC 
AdB 0, i.c. 

C,H,Br.NH.CO.N(C„H,Bi).CO,H. 

Ethyl ether. [163°1. The compoundwliich 
is formed from p-bromophonyldioyaiiate by long 
boiling with alcohol is. probably this ether. Bine 
white needles. Sol. nlcobol jmf ether. By 
continued action of alcohol it is converted into 
p-bromo-phenyl-oarbamio ethor (Dennstedtf it. 
13 , 229 ). 

pBEOMO-PHENYL-AMIDO-ACETIC ACID 
CH„(NH.C,H,Br).CO.;H. liromo -phenyl ■ ghjeo- 
eoU. [98°]. Colourless crystals. V. o. sol. al¬ 
cohol, ether and hot water. Forms a light- 
green copper salt. Prepared by the action of 
ohloro-acetio acid on n-ohloroaniline. 

Vot I. 


Ethyl ether AEt: [96'’]; while needie^i,; 
Insol. water, sol. alcohol ai^ ether. ' #■ 

p-Bromoanilide * w 

OH,(NH.O,H,Br).CONH(O.H.Br): p66°-160'>Jf 
white microscopic crystals. Subliraos at about 
146°. SI. sol. hot water, v. sol. alcohol and 
ether (Dennstedt, B. 13, 230). 

Di-bromo-di-phenyl-amido-acetie aoid. 
Nitrile 0,H,Br,NH.CHl'h.ON. [92°]. Fmm 
di-phonyl-amido-acctic aoid and Br (Tiemann a. 
Pielibt, B. 15, 2032’ Yellow rhombohodra (from 
alcohol). 

Tri-bromo-pheuyl-amido-acetio acid 
C„H2Br,.NII.CH„.C02H. Formed by adding bro¬ 
mine-water to an aqueous Bolution ot phenyl- 
ainido-aoetic acid. Minute needle., (from IlOAo). 
Insol. water, acids and alkalis (Schwohcl, B, 11 . 
1131). 

BHOMO-PHENYL-AMIDO - CHLORO - NAPH- 
THOftUlNONE V. Chlouo - NAPiniioQuiuoNB - 

DBOUANILIDB. 

a-BROMO - PHENYL - 3 - AMIBO - CROTONIO 
ACID CH,.C(NUPh):CBr.C02H. Anil-brotKo- 
accto-accHoacid. [138°]. Formed by bromination 
of phcnyl-d-amido-crotonic acid (anilacctacotio 
acid) dissolved in chloroform. Pearly plates, 

V. sol. hot alcohol, si. sol. water, chloroform 
and ether. By cold H.;SO, it is condensed to 
(By. 2:l:3)-hromo-oxy-methyl-quinolino (Knorr, 
B. 17, 2874). 

BROMO - PHENYL - AMIDO-(a)-NAPHTHO. 

aUlNONE V. {a)-NAPnTlIOQOTN()Nl'Mm()MANIUDE. 

TRI - BROMO - PHENYL -AMiDO-PROPIONI- 

TRILE C„H.Jir3NH.CnAre.CN. [130°j. From 
plionyl-a-amido-propionilrile and Br. Noedles 
(Stephan, C. 0. IHHiJ, 170). 
^.PR0M0-PHENYL-(.r’y.3)-AMID0-aUIN0L. 
/CHiOH 

INE C,H,< 1 [116°]. Sil- 

\ N:C(NH.C,H..N03) 

very rjcales. Fi r ned by heating (p7/..3)-chloro- 
quinoline with ^-bromanilino (Friedlilndor a. 
Weinberg. Ji. I , 15:i:}). 

DI-Bl OMO-DI-PHENYL-AMINE 
MN(CJIJir)y. [107*']. I’visma. Sol. alcohol and 
acetic aci«l. Tho benzoyl derivative is formed 
by bromination of bcnzuyl-di-phenyl-araino. 

Benzoyl derivative BzN(C^H4llr)j. 
[142-‘]. Colourless plates. Soluble in alcohol 
and acetic acid (Lellmanii. B. 1.5,830). 

Tetra-bromo-di-pbenyl- iinine NIJ(C,.H3Br2)2, 
[182°]. Formed by treating an alcoliolio solu- • 
tion of (1^-phenyl *-uiiino wilh Br. Needles 
(Hofmann, 132, 166; Cruelun, B. 8, 025). 
Acetyl derivative NAcjC^^H.Br..).. [168°]. 
Hoxa-bromo-di-phenyl am'ue NH(C,,n .Br^),. 
[218°]. Formed, togctlie’’ wilh the preceding, 
by adding Br to a solution of di-phenyl-amine 
in HOAo (G.). Ihiduced by sodium-amalgam to 
di-phonyl-amine. 

Octo-bromo-di-puenyl-amine NH(0,iHBr4)5j. 

[c. 304°]. From di-plieriyl-amine, Br, and I at 
‘J60°. Prisms (from CHCl3f(Ges8nor, B. 9,1511), 
Deca-bromo-di-pheayl-amine NH(OaBrj)3. 
From di-phenyl-amino, Br, and I at 360°. 
Needles (from CIICl.,). Not melted at 310°. 
BROMO-PHENYL-BENZENE v. Bromo-di- 

PHENYL. 

Bro mo-tri-phenyl-benzene Oj^H, ,Br. [104°]. 
From Br and tri-phenyl-benzene in CS2. Needles 
(from alcohol) (Berthold a. Eogler, B. 7t 1123). 

BB 
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BBOHO ■ BHBNTB . BBHZOIO AOZO v. 
BaoMO-DiramiTii-aABtpzmo toiD. 

BBOHO-BHEKYL BSBZYI, OZISB 


0 ^ 4 Br.O.CH,.OA- t69“J- From phenyl 

benzyl oxide, Br, and HgO. Needlos (Sintenie,' 
A. 161, 335). 

Bl-p-BEOMO-DI-PHENYl-BIUBET 
0„H„0jBr,N, f.«. (O.H,BrNH.CO) 2 NH. Pro- 
par 3 d by the action ol alcoholic NH, on p- 
bromo-phenyl-dicyanate (Bcnnstedt, B. 13, i')0). 
SI. sol. alcohol and other, int^l. water. Begins 
to sublime at about 240°. : 


V.BB0M0.7.PH£NYL.BtrTYKIC ACID 
Ph.CHB..CH,,.OH.,.CO,,H. [69°]. From y- 
phenyl-iso-crotonic acid and cone. HBr at 0^ 
Crystals (from CS,) (Jayne, A. 216, 102). By 
boiling with water or treatment with aejnoous 
Na-jCOj it is converted into the lactone of y-oxy- 
7 -phenyl-butyrio acid ( 4 . v.). 

BT-Di-bromo-y.phenyl-butyrio acid 
Ph.CHBr.CHBr.CH 2 .CO.H. [138°]. From phenyl- 
iso-crotonic acid in CS^ by Br at 0° (Jayne, A, 
216,107). Crusts of small white crystals. So¬ 
dium amalgam converts it into sodium y-oxy-y- 
phenyl-butyrate. 

exo-Di-bromo-B-phonyl-isobutyric acid 
C,H,.OHBr.CBrMe.CO.,H(?) [135°]. From phenyl- 
metiiaorylio acid and Br (Conrad a. Hodgldnson, 
A. 193, 312). 

p-BROMO-PHENYL-CAEBAMIC ACID 

Methyl ether C„II,Br.NII.C 02 Mo. [124°]. 
Prom p-bromo-phonyl oyamito and McOH. 
Needles (Bcnnstedt, B. 13, 229). 

Ethyl ether 0„II,Br.NII.COjEt. Bronw- 
carbanilic ether. [81°](B.); [85 ] (D.). From 
PhNH.CO,|Fjt and bremine-water (Behrcnd, A. 
233, 7) or from p-bromo-aniline and ClCO.Et. 
Needles (from benzoline). Boiling alcoholic 
KOH gives K^CO, andp-bromo-aniiine. 

Di-bromo-phenyl-carbamic acid. Methyl 
ether [4:2:1] 0,H,,Brj.NH.Cb.^Mo. [97°]. 
Formed by brominating methvl phenyl-carb¬ 
amate (Ilcntschel, J. pr. [2] 34, 423)., Needles 
(from alcohol). Warm H^SO, gives iJO- and 
di-bromo-aniline. 


Hexa-bi emc-di-phenyl-carbamio ether 
(C,H 3 Brj)jN.CO.jEt. Ilexa-bromo-di-phcn yl- 

amine urethane. [184°]. F'ormed by broniination 
of di-phcnyl-carbaniic ether dissolved in acetic 
acid (Hager, B. 18,25J7). Long greenish-brown 
• needles. Sol. acetic,acid, nearly insol. alcohol. 

p.BEOMO - PHENYL - CARBAMINE DI- 
CHLORIDE C.H,Br.NCl:CCl. ( loG ). From 
p-bromo-phenyl carbimide and Cl. Yellowish 
liquid (Bcnnstedt, B. 13, 232). 

DI-BROMO-DI-PHENYI-CAEBINOL 
CijHijBrjO. [163°]. Di - bromo - bcmhydrol. 
From di-phenyl-carbinol and Br. Minute needles 
(from alcohol). lieduced by sodium-amalgam 
to di-phenyl-oarbinol (Linnemann, A. 133, 6). 

DI-BEOMO-PHENYL CAEBONATE 
(CjHiBrjIjCO,. [166']. Silky needles; forme;’ 
oy brominating phenyl carbonate (LOwenberg, 
C. C. 1880, 390). 

BEOMO-DIPHENYl CARBOXYLIC ACID. 
[4:1] 0,H,Br.C,H,.CO,H [1:4]. [194°]. From 
p-bromo - phenyl - toluene [30°] and CrO, in 
HOAo (Carnelley a. Thomson, C. J. 61, 88). 
V. sol. ether, si. sol. alcohol. 

Di-bromo-diphenyl carboxylic acid 
C,^{,Br,.CO,H [4': 1 ' : 1: 2or3:4]. Di-bromo- 


phenyl-bttuolo acid. [304°]. Prom di-tooio- 
|»-tolyl.benzene P16°] by oxidising with OrO, 
in HOAo. Needle-shaped prisms (from alcohol), 
si. sol. alcohol (Carnelley a. Thomson, 0. /. 47, 
689). 

Di-bromo-diphenyl p-oarboxylie acid 
C„H.Br.C,H,Br.CO,H [4': 1': 1: 2or3:4]. [232°], 
Formed by oxidising di-bromo-tolyl-benzene 
[150°] (0. a. T., 0. J. 61, 90). 

Di-bromo-diphenyl carboxylic acid [212°] 
has been obtained from (B)-di-bromo-lluorene- 
ketone [197°] by potash-fusion (Holm, B. 16, 
1081).—BaAV 

p-BEOMO-PHENYL CYANATE 
OC:N.C,4I,Br[l:41. [.39°]. (220°). V. solpether. 
Prepared by distilling broMO-phcnyl-oarbamio 
ether will. l’.,0, (Bennstedt, B. 13, 228). 

p-BROMO-PHENYL DI-CYANATE 
0,,H,N.p.JJr.,. [199°]. Small plates. SI. sol. 
ether. Prepared by the action of a smalt quan¬ 
tity of tri-ethyl-phosphine on bromo-phenyl- 
cyanatc heated to 100°. By long boiling with 
absolute alcohol it gives an acid of melting- 
point [1.53°] and forjiiula C|jH|,,0;|N.jBr, which 
is probably ethyl diL.omo-phonyl-allophanate 
(Bcnnstedt, B. 13, 229). 

BEOMO-PHENYL-CYSTElNE 0„H„BrNS0, 
i.e. C„H,Br.S.CMe(NHj).CO.H. p-Broim-a- 
amido-thio-laclic aeid. [181°]. Formed by 
boiling bromo-phenyl-mercapturio acid with 
cone. ilCl. Needles (fromdilute alcohol); v. si. 
sol. water, v. si. sol. alcohol, v. sol. dilute HCi. 
Boiling alkalis slowly separate p-hromo-phonyl 
mercaptan and form pyruvic acid. Sodium- 
amalgam forms NH„ lactic acid, and C„Il,Br.SH. 

' Acetic anhydride on warming gives 

i an anhydv^le C«H,Br.S.CMc<^^> C15S«] 

I bromo*phenyl-cystoTu,’ but in presence of 
I benzene it forma bromo-phcnyl-mcroapturio acid 
Cjli|Br.S.CMe(NlIAc).CO,Il. Potassium oyau- 
ate^forras C,lI,Br.S,C,Me(NII.CO.NH.JCO,H. 

Salta. — CuA'... — HATICl (Baumann a. 
Preusse, H. 6 , 315 {B. 18, 2.58). 

BEOMOo-PHENYLENE-DIAMINE 
C.lI,I!r(NH.j 2 [4:1:2]. [03°]. From (1,3,4)- or 
(0,3, l)-bromo-nilro-auilino, tin, and HCI (Hilb- 
ner,.1.210,369; Wurstcr,H.6,1.514; Eemmers, 

B. ", 347). Needles; v. sol. water. Sodinm- 
aiiialgam reduces it to o-phenyleno diamine, 

S a 11 s.—B"HCI.- 

Di-bromo-)«-phcnyIene-diamine 
CJI.,Br.,(NH-).„ Bark brown pp. formed by 
.adding bromine-water to an aqueous solution of 
p-phcnylene - diamine hydrochloride; may be 
crystallised from alcohol (Hollemann, Z, 1866, 
655). 

BROMO-DIPHENYLENE KETONE 
C H 

C, ,n,BrO i.e. \ “ ' \cO. [104°]. From 

<-C.H,Bi/ 

bromo - fluorenC and CrO;, (Hodgkinson a. 
MaUhews, C. J. 43, 105). Dark yellow 
needles. 

Bromo - diphenylene ketone 0„H,BrO. 
[122° uncor.]. Formed by distilling bromo-di- 
plicnio acid with lime. Yellow plates. V. sol. 
benzene, ether, and hot alcohol, nearly insoL 
water. Sublimes readily in felted needles. By 
distillation with zino-dust it gives flttorens 
(Claus a. Brier, B, 19, 3165). 




BROMO-PHENYL-MEROAPTAIT. Oil 


u) ■Sl-broow-diplirayUne-ketont 
0j^^r,00. [1^8°]. Foimed by oxidation of 
di-oromo-fluorena [leO”] with OrO, dissolved in 
aoetio acid (Hohni B, i 6 » 1081). Long yellow 
needles. V. sol. ether and benzene. 

(Ol-Si-bTamo-diphenylene ketone 
OijH«"rjCO. [198°]. From (a) . di - bromo- 
fluorene [165°] by CrOj in sliglit excess and 
HOAo (Hodgkinson a. Matthews, C. J. 4i3,1C5; 
Holm). Yellow needles, sol. alcoliol, ether, and 
benzene. Potash-fusion gives rise to di-bromo- 
diphenyl-oarboxylio acid. 

Di-bromo-diphcuylene-ketone Ci-dloBroCO. 
[133° unoor.]. Formed by distilling di-bronio- 
di-phdhio acid with lime. Thin yellow plates 
or long thin noodles. Beadily sublimable (Claus 
a. Erler, B. 19, 3156). 

DI-BEOMO-DI-PHEITYLENE KETONE 
OXIDE C„H.d3r.,0.i [210°-213°]. From di- 
phenylono kotono oxide and bromine at 180° 

A. G. Perkin, C. J. 43, 193). Long needles 
from alcohol). Combines with bromine form¬ 
ing an unstable addition product. 

BEOMO - DIPHENYJ ENE - METHANE t>. 
BnoMO-rLuoimNn. 

DI -BKOMO - PHENYLENE-(a)-NAPHTHYL- 
ENE-OXIDE C,JI,Br,0. [284°]. Yellowish while 
needles. SI. sol. benzene. Prepared by bromi- 
nation of phenyloae-(a)-naijhthylene-oxide (Arx, 

B. 13,1727). 

BEOMO-PHENYLENE OXIDE C„H,,]hO. 
[196°]. From phenylcno oxide and Br at 100 ’. 
Needles (from alcohol) (Marker, A. 121, 2.50). 

Di-bromo-diphcnylene oxide C| 2 H„Bi 30 . 
[186°]. I'rom Br and diphtnylcne oxide in CS.^. 
Laminffi (from alcohol) (Iloilmeiste,:, .4.159,211). 

DI - BEOMO - DIPHENYLENii - PHENYL - 
METHANE C.jII.jBrj. [182’]. From Br and the 
hydrocarbon in HOAo (Behr, B. 6 , 971). 

Iri-bromo-diphenylene-phonyl-methane 
0„H,.Br, [167°-171°J (B.), 

BEOMO-PHENYL-ETHANE v. Biiomo-etiixl- 
DEMZZini. 

p-Bromo-di-phenyl-ethane C|,II, |Br i.c, 
0„HvCH,.CH.,.C„II,Br [1:4J. Bromo ■ 

S.G. 21’40. From s-di-phenyl-cthane, Br, and 
water (Fittig a. Stolling, A. 137, 206). Oil; 
boils above 320°. 

pp-Di-bromo-di-phenyl-ethane CnHi^Br,, i.c. 
M:l] 0,H4Br.CH.;.CH-.C„H,Br [1:1]. [115°J. 

From s-di-phenyl-ethano, water, ami Br (F. a. .S.). 
Needles (from alcohol). CrOj gives p-bromo- 
benzoio acid. ■ 

£zo-di-bromo-s-di-phenyl-ethane 

C, HjCHBr.CHBr.O,H,. [237°] (E.); [235°] (K.). 
Etilbene dibromidc. Di-broiiw-dibm::i/l. 

Formation. —1. From stilbene and Br (Lim- 
richt a. Schwanert, A. 145, 336).—2. From di- 
enzyl and dry Br (Marquardt, A. 151, 304).— 
8 . From hydrobenzoin and PBr, (2iuoke, A, 198, 
127). * 

Prqpcriics.—Silky needles. Decompose* at 
286° (Kado, J. pr. 127, 465). V. si. sol. boiling 
alcohol, m. sol. boiling xylene. Alcoholic KOH 
gives 0,Hj.CH:CBr.C«H, and C.H..C:C.O„H,. Con¬ 
verted by benzene and AljClj into s-tetra-phenyl- 
ethane some tri-pheuyl-mcthano being also 
(onned (Anschutz, A. 235, 207). 

, Yri-bromo - s - di - phenyl - ethane 0|,H,|Br,. 
From s-di-phenyl-ethane, water, and Br (F*. a. S.). 


Naoreons lamin®, r. si. sol. alcohol; decom¬ 
poses at 170°. • 

Tri - bromo - s - di - phenyl. ethane C„H„Brr 
[207°-211°]. From s-di-phenyl-ethane and dry 
Br (M.). 

Tri-bromo-s-di-phenyl-ethane 
C„H 5 .CBr.,.CnBr.C„Hj. Bromo-stUbene dibro’ 
mide. [100°]. From bromo-.v-diphonyl-cthylpna 
and Br (L. a. S.). Needles (from alcohol), fllo- 
conh>osedbydi3tilh,tionintolllir,PhCl!r:CBr.Ph, 
and PhC:CPh. .Mcoholie KOH gives PhClCPh. 

Tri-bfomo-u-di-pheayl.cthane 
(C,iH 5 ) 3 CU.CBr 3 . [89 ’]. From bromal (1 mol.), 
benzene (2 mols.) and cone. ILSO, (tioldselmiiedt, 
B. 6,9.85). Monoclinic prisms (fro nether). Alco¬ 
holic KOH gives HBr and di-bromo-di-phonyl- 
ethylene. 

Hoxa-bromo-s-di-phenyl-ethylene C|,II,Br„. 
From s-di^henyl-clhano and e.vccss of Br. 
Hard prisms (from benzene) (F. a. S.). 

BKOMO-PHENYL-ETHYL-AMINE v. Bnojio- 

AMlUO-PnENVn-KTItANE. 

Bl{0MO-«-DI-PHENYL-ETHYLENEC,,H„Br 
i.c. (Cjy^CiCIIBr. [50“] (H.); (10 J (A.), (o. 170°) 
at 11 mm. (A.) j (above 300 ’) (II.). Formed by 
warming the di-hromide of !(-di-phenyl ctliylone 
(Uepp, B. 7, 1410; Anschiitz, A. 235, 160). 
Prisms; si. sol. cold alcohol. 

Bromo-.v-di-phenyl-ethyleno 
0,.H,.CBr:CH.C„Hj. Bromo - slUbme. [26°]. 
From stilbcno di-bromide by distillation or treat¬ 
ment with alooholio KOH. Pri.sms. AgOAo 
gives PhC(OAo);CHPh (Limpricht a. Schwanert, 
A. 11.5, 310; 155, 72). 

Di-bromo-M-di-phenyl-ethylcnc(C,H,).,C:CBr. 3 . 
[83°J. (above 300’). I’rom Cl’li.df.tlBr, and alco¬ 
holic KOH (Goldsclnniedt, B. ti, 985). Noodles 
(from alcohol-ether). 

Di-bromo-s-di-phenyl-ctbyleno 
CJI,,.CBr:CBr.C,'l 3 . Tohma di-lmmhh'. [208’]. 
Leaflets. I’repav. d by the action of bromino on 
tolane. An isi .leridc [61'] is also formed in 
small qu ntity (Limpricht a. Schwanert, A. 115, 
318 ; Liebermaun a. Homeyer, B. 12,1971). Con¬ 
verted by benzene and AKClj in presence of CS, 
into s-tctra-phcnyl-ctlmiie (Anschiitz, A. 235, 
209). 

BEOMO-PHENYL-OLYCOCOLL v. Baojio- 
PIIENVIi-AMlOO-ACEXlO ACin. 

DI-BEOMO DI-PHENYL-GDANIDINE 
C|,H|,Br-N,. F’rom di-phenyl-guanidino hydro- " 
chloride, 'iatc r, and Br (Hofmann, A. 67, 148). 
Scales (from a.cohol).—B'HCl.- -B'JV’tCV 

Tri-bromo-tri-phonyl-guanidino 
C„U,;,N 3 Br,Cl i.c. (CJI 

White amorphous powdv. I’rcpaiod by the 
action of p-bromaniline on iso-cyan-bromo- 
idieiiyl-chloride.—BHOI: wliilo crystals, easily 
soluble in alcohol and ether.—(B'HCl).,PtCl,: 
light yellow plates ylnmnstoclt, B. 13, 232). 

p-BKOMO-PHENYL-MEECAPTAN 
3.n,Br.SH. [75°]. (231*). From p-bromo- 
benzene sulphochloride, tin, and IICI (Ilhbner 
a. Alsberg, A. 156,327). I'ormcd also by boiling 
bromo-plienyd-cystcirio or bromo-plienyl-mer- 
capturic acid with NaOHAq (Baumann a. 
Preusse, B. 12, 806; H. 6, 319). Laminm 
(from alcohol); volatile with steam; si. sol. 
hot water. Cone. HjSO, at 120" forms a green 
solution, turning blue. Sodium-amalgam forms 
phenyl-mercaptan. Chloral forms a compound 




BKOfiO-PHENYIi-MEROAPTAN. 
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[72°]. HOI passed into a miainre of p-bromo- 
phenyl mercaptan arfl benzoio aldehyde forma 
di-»-bromo - di - phenyl - di - thio - benzaldehydate 
O.Hj.CH(S.C,H,Br), [80°] (Baumann,H. 18,886). 
HCl and acetone form di-bromo-di-thio-di- 
methyl ketate (OH 3 ) 2 C(S.O„H,Br )2 [90°]. 

p-BROMO-PHEHYIMEECAPTUEIC ACID 
C„n,»BrNSO, i.e. CJ-I,BrS.CMc(NIIAc).CO,H. 
Acdtyl-bromo -phenyl - amido - thio - lactic acid, 
[163°]. H. 1-4 at 100°. Occurs in the urine 
of animals which have tiiki* bromo-bcnzene. 
Formed also by treating broniS plicnyl-cysteino 
with benzene and Ac^O (Jiiiumann a. I’rcussc, B. 
12, 806, 27. 6 , 309; Baumann, B. 15, 1732; 
Jalle, B. 12,1(192). Needles; insol. cold water, 
Eol. hot water and al<*)hol. Liuvorotatory in 
alcoholic solution, dextrorotatory in alkaline solu¬ 
tion. Boiling aqueous N.aOII gives p-bronio- 
phcnyl mercaptan. Nil.,, HO.\o, afid pyruvic 
acid. Boiling enne. IIClA(i or dilute H.^SO, gives 
acetic acid and broino-plicnyl-cystcine. Clone. 
HjSO, gives a blue solution. 

.Salts.—BaA'j2aii; S. 2 at 15°.—MgA'.,9aq. 
—NH,A': S. 3at]5°. 


BEOMO-DI-PHENYL-METHANE C,,,H„Br 
i.«. Cril’li.dir. [45°]. From di-|)hnnyl-incthane 
(1 mol.) and Br (1 mol.) at ]50° (Fricdel a. 
B,alsohn, Bl. [ 2 ] 33, 339, 5,S7). Crystals, v. o. 
sol. benzene. Water at 100° forms di-phenyl- 
carbinol and its anhydride. Boiling alcohol 
forms OHl’h.^.OISt. Cone. NIIjAq gives 
CIIBh..,NII.,. 

Di-bromo-di-phenyl-methane CPluBiv From 
di-phenyl-mcthane (1 mol.) and Br (2 mols.) at 
150°. Lhpiid. W.ater at 150° converts it into 
henzoplienone. Decomposed on distillation 
giving tetra-phonyl-cthyleuo. Sodium and water 
form tctra-phonyl-ctlianc. 

Bromo-tri-phenyl-methane C|,,TI,.,Br i.c. 
PhjCBr. [152°]. Obtained by ^rominaling tri- 
phenyl-methane in sunlight oi>it 150° (Allen a. 
Kollickor, A.227,107 ; llendorsm . C. J. 51,224; 
Schwarz,!?. 14,1520). Yellow hex.agonlt rhoin- 
bohedra (from CS.J rt:c = l:*7.94 (lliutze, K. 
9, 636). Docompo.^od above 200° into II Br and 
phenylene - di - phenyl - methane. Sncces.sivo 
treatment with boiling IIOAc and water forms 
tri-phenyl-carbinol. Nil,, fonns BhjCNHj. 
KCy gives l’h.jC.Cy. Botassium sulphooyanide 
gives FhjC.SCN. 
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B. Tai-BROMO-HKTIIYL-W-rilF.NVn-AJJIXEO 

BROMO - PHENYL - METHYL - FURFDRANE 
TETRA-BEOMIDE 0„ll„Br,,0. [210°]. Bronzy 
plates. Formed b^ the action of bromine on 
• HC-CII 

phenyl - methyl - furfurane i \ 

PhC-0—CMe 

(Paal, B. 17, 2760). 

BROMO - PHENYL - METHYL-PYRAZOLONE 
V. BBOUO-OXV-PnKNVI.-KEinTL-PYlUZOL. , 

7 .BEOMO - y - PHENYL - DI - METHYL - SUC¬ 
CINIC ACID Ph.CHBr.0H(CO.,Tl).CHlMe.CO2lI. 
From the lactone of 7 -oxy- 7 -phenyl-di-methyl- 
succinio acid {q. v.) and cone. HBr at 0° (Fittig 
a. Penfield, A. 216,123). Small crystals (from 
benzene). V. sol. alcohol or ether, m. sol. benz¬ 
ene. Warmed with water it gives off COj and 
forms plates of an acid which appears to be 
Ph.CH:OH.CHMe.CO>H, 


XETSA-BSOHO-PHENYL - HETHYL ■ THIO¬ 
PHENE OiiHjEr^S. [187°]. Formed by bromina- 
tion of phenyl-methyl-thiophene. Fine needle* 
or plates. V. sol. benzene, ether, and petroleum- 
spirit, m. sol. alcohol and acetic acid (Paal a. 
Pusohel, B. 20, 2.559). 

BROMO-PHENYL-METHYL-DEETHANE 
Methyl ether of BaoMO-pnENVE-OABBAMio Aom. 

BROMO-PHENYL MUSTARD OIL v. Bromo- 

PIIENVL TIIIO-CARBIMinE. 

DI - BROMO - PHENYL - (S) - NAPHTHYL - 
AMINE C,„n„BrjNH. [140°]. White needles. 
Prepared by bromination of phenyl-(S)-naph- 
thyl-amino (Streifl, B. 13,1853; A. 209,158). 

T6tra-bromo.phenyl-(/3)-aaphthyl-aniinU 
C|sHjBr,NH. [198°]. SI. sol* alcohol, ether and 
C„II||, m. sol. (iSj and CHClj. Prepared by fur¬ 
ther bromination of the dibromo- derivative. 

Tri-bromo-phenyl-(a)-naphthyI-amine 
0|JI,Br,|NlI. [137°]. Colourless prisms. Soluble 
in alcohol and benzene. Prepared by bromina¬ 
tion otphonyl-(a)-naphthyl.amine (S.). 

Tetra-bromo-phenyl- ( 8 ) -naphthyl- amine 
C|„II„Br,NII. [203°]. Formed by the action of 
bromine upon an acetic acid solution of benzene- 
azo-phenyl-(S)-naplithyl-ainine, or by bromina¬ 
tion of phenyl-(S)-naphthyl-amine. Long white 
silky needles (Zincko a. Lawson, B. 20,1170). 

BROMO-PHENYL-OCTANE o. Baosio-oraxi.. 

BENZENE. 

p-BROMO-PHENYL-OXAMIC ACID 
O.H,Br.NH.CO.CO,H. [198°]. S. -lOl at 25°, 
From di-bromo-di-phenyl-oxamido andalcoholio 
KOH (Dyer a. Mixter, Am, 8 , 35.5). Crystalline 
ffbres, sol. alcohol and ether. KOHAq liberates 
p-bromo-aniline. Salts. — KA': monoclinio 
seal es.—CaA'a—AgA'.—BaA'.^. 

Ethyl ether Vitk'. [156°]. From phcnyl- 
oxamic ether and Br (Klinger, A, 184, 263). 

DI-BEOMO-DI-PHENYL-OXAMIDE 
(^C„II,Br.Nn)jC,Oj. [above 300']. From Br and 
di-pl'enyl-oxamido in HOAc (D. a. M.) 

DI-BEOMO-DI-PHENYL OXIDE (0„II,Br)A 
[58°J. (above 360°). From Br and di-phenyl 
oxide in CSj. Long plates (from alcohol) (Merz 
a. AVeith, B, 14,191). 

TEI-BEOMO-TRI-PHENYL PHOSPHATE 
(C,II|1 lrO)aPO. From tri-phenyl iihosphate and 
Br at 180°. Nacreous scales (Glutz, A, 143,193). 

p-BEOMO-PHENYL-PHTHALIMIDE 
,C = 0 

C„II,< >0 [204°]. Fine dat 

\C = N.C„H,C1 

needles or scales. Sol. CjIIj and acetic acid, 
less in ether. Prepared by heating p-brom- 
aniline with phthalic anhydride (Gabriel, B, 11, 
2261). 

BROMO-PHENYL-PROPANE v, BaoMO- 

PROPYI,-BENZENE. 

o-BROMO-S-PHENYL-PROPIONIC ACID 

fi,o-Bromo-hydrocinnamie 
acid. [99°]. ScUes. Formed by roduotion of 
o-brevuo-cinnamic acid with HI and F (Gabriel, 
B. 15, 229.5). 

ffi-Bromo-S-phenyl-propionio acid 
[3:1] OJI,Br. 02 H,.CO,jH. m-Bromo-hydrocinna- 
mie acid. [75°]. Formed by reduction of m- 
bromo-oinnamio acid with P and HI. Also by 
eliminating the NHj group from (3:4:l)-bromo- 
amido-phenyl-propionio aoid by diazotising and 
treatment with alcohol (Gabriel, B. 15, 2294), 
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Shoxi thiok prisms. V. sol. alcohol, ether, 
benzene, chloroform, and OS,. 

p.BromO'^-phenyl-proplonlo aoid 
[4:1] OeH 4 Br.OH^.OH 2 .CO,H. [IBS'*]. From 
phenyl-propionic acid and Brin the cold (Goring, 
G. 0.1877, 793, 808; Gabriel a. Zimmermnnn, 

B. 13, 1683). Flat needles (from CS,). Oxida¬ 
tion gives p-bromo-benzoic acid. 

j8-Bromo-/3-phenyl.propioii{c acid 
C„Hj.CHBr.CH„.CO.JI. [137'^]. From cinnamic 
acid and HBr (Fittig n. Binder, B. 10, 618 ; A. 
195,132; Anschutz a. Kinnicutt, B. 11, 1221). 
Also from /S-bromo-jS-oxy-phonyl propionic acid 
and j;Br (Glaser, A, 147, 96). Lamime. De¬ 
composed by heat into HBr and cinnamic acid. 
Boiling water forms /8-oxy-/3-phenyl-propioiuc 
acid. Cold NaOHAq gives styrene and CO- 
a-Bromo-a-phenyl propionio acid 
CHjj.CPhBr.COjjH. Bromo-Uydratroj>ic acid. 
[94“]. From atropic or atrolactic acids and cold 
cone. HBrAq (Fittig a. Wurster, A. 195, 145; 
Merling, A. 209, 13). Tables, insol. water, sol. 
ordinary solvents. Boiling Na^CO^Aq produces 
atrolactic acid. 

/8-Bromo-a-phenyl-propionic aoid 
CH^Br.CHPb.COjjII. [04°]. Formed by heating 
atropic acid with cone. HBrAq at 100°. Prisms, ; 
insol. water. Boiling Na^COaAq produces tropic 
acid, styrene, and a very little atropic acid. 
Ammonia forms jS-amido-a-phenyl-propionic 
acid [169°] (M.). 

a/3-Di-bromo-3-phexiyl-propionio acid 

C, H^.CHBr.CllBr,CO,H. [195°] (G.); [201°] (S.). 
From cinnamic acid and bromine-vapour i 
(Schmidt, A. 127, 320; Fittig a. Binder, A. 195, 
140). Also from a-bromo-i3-oxy-phenyl-propionic 
acid and HBr (Glaser, A. 147, •* ). Lamime 
(from alcohol); v. sol. ether andalcoliol, v. si. sol. 
CS,. 

Reactions. — 1. Sodium amalgam forms 
phenyl-propionic acid.—2. Boiling water gives 
cinnamic acid, bronio-oxy-phenyl-propionic i.oid, 
phenyl-acetic aldehyde and a>-bromo styrenc. 
8 . Alcoholic KOH gives a- and bronio-cin- 
namic acids. 

Salts.—NaA'.-BaA',. 

Methyl ether MeA'. [117°] (Anschiilz, 
B. 12. 538). 

Bthyl ether EtA' [69°]. From ciiinamio 
ether and bromine (Perkin, jun., G. J, 45, 172). 
n-Propyl ether PrA'. [23'^]. 
a/S-Bi-bromo-a-phenyl-propionic acid 
CHjBr.CPhBr.CO^H. [110°]. From Br and atro- 
pic acid in CS^ (Fittig a. Wurster, A. 195, M5).* 
Needles (from CS.;). Decomposed by boiling 
water into COj, HBr,and acetophenone. Sodium- 
amalgam forms a-phenyl-propionic acid and 
oxy-phenyl-propionio acid. Excess of NuOHAq 
gives atroglycerio acid CyHmO, (Fittig a. Kust, 
A. 206,80). • ^ 

Tri-bromo-phenyl-propionio acid 
C«nj.CHBr.CBr,.CO,H. [151°]? From bromo- 
cinnamic acid [120°] and Br (Glaser, A. #113, 
336; Stookmoicr, Bn, 872; Kinnicutt, Am, 
4, 25). Small flat monoclinio needles (from 
dilate alcohol). Boiling water gives COo, di- 
bromo-styrene, bromo-ciunamio acid, and di- 
bromo-oxy-phenyl-propionio acid. 

Tzi-bromo-phenyl-propionio acid 
0 ,H*.CBra.0HBr.C02H. [148°]. Formed by the 
oombmation of the bromo-cumamic acid [169°] 


with Br. Triclinio prisnxs. Sol. hot benzene, 
v. e. sol alcohol and ethel, si sol cold CSa. It 
decomposes at its melting-point evolving HBr. 
By standing for a short time with water it is 
converted into a neutral oil; hot water decom¬ 
poses it at once (Michael a. Brown, B, 19,1380). 

Tri- broiu o-a-phenyl-propionic acid 
CjH-BraO-^. [150°]. From brorao-atropio ^cid 
aud Br (F. a. W.). Needles [fromdigr.oin). 

•oi8-I>I-BB0M0;i'HENYI-PK0PI0iriCALDB. 
HYDE CJTi.CHr .-.CllBr.CIlO. Cinnamic akU- 
hyde dibromidi.. [c. 100°]. Small needles. 
I’ormed by the direct combiniitiou of cinnamic 
aldehyde and bromine. It readily splits off HBr 
on heating, giving bromo-cijnu.mio aldehydo 
(Zincko a. Hagen, B. 17, 1811). 

DI-BHOMO./S-PHENYL-PBOPYL ALCOHOL 
C„H,uBr.,0^ i.e. C.,n,.CllJlr.UUDr.CH.,OH. 
Rtyccrin aihromhydrin. Sly rune dibromide, 
[74°]. From Br and ciniiainyl alcoliol in CHCI, 
(Grimanx, Bl, [2J 20, 120). Tablos or needles 
(from ether). Insol. water. Boilijij; water con¬ 
verts it into 0,3.-Cn{OIl).Cn{OH).CH,On. 

Acetyl derivative 
C,H,.CIIBr.CIIBr.CH,.OAc: [ 86 °J; prisms. 

DI - BEOMO - PHENYL - PBOPYLIDENE - 
ANILINE OA.N:CII.CHBr.ClJBrPh. [176°]. 
From cinnamylcno-anilino and bromine (SchiiT, 
A, 239, 384). Needles (from alcohol). 

DI - BEOMO - PHENYL - PYBAZO L DIHY - 
DEIDE CJUlr^N- [93°]. Di lmmio-phenyl- 
pyrazolinc. From plienyl-pyrazoline and Brin 
chloroform (Fisclier a. Kiiocvoiagol, A, 239, 
199). Plates (from alcohol); v. si. sol. water. 
In dilute acid solution it gives a violet 
colour with KXr.G,.. Alcoholic KOII forms 
C,,H„Br(OKt)N.^ [ 66 'J, which ciystalliscs from 
alcohol in palo yellow prisms. Boiling HOlAq 
gives off EtCl and forms brojuo-oxy-pln.'nyl- 
pyra/.ol CuHoBr OII)N^ [214°]; this lias acid 
characters and . inns grccuish-yollow crystals 
(from alcohol). 

DI-E .lOMO-(a)-PHENyL.PYBIDINE DI- 
CABBOXYLIC ACID C,,H.Br..N(),. [206°]. 

From [2:1] 0 „H^(COJI).cXn( 00,11) [3;2j and 
bromine (Skraup a. Coboiizil, M. 4, 469). 
Granules, v. si. sol water, in. sol. warm alcohol. 

DI-BEOMO-DI-PHENYL SULPHIDE 
(C,H,Br),S. [110°J. From di-plienyl sulphide 
and Br, or from (C.Jf^NHd.jS by di.nzo-reaction. 
Nacreous ^aiuinu) (KralTt, Jj. 7, 1165). ' 

Di-p-b«onio-di-pb myl disulphide (C,,TI,Br),S,j. 
[94°J. From^z-broiuo-plienylujcrcaptanbyatmo- 
Kplieric oxidation. Plates; not volalilo with 
steam (ITiibner a. Alsbcrg, 1. 156, 328; Bad* 
mann a. Preusse, IL 6 , 329p 

DI-p-BEOMO DI-PHENYL SULPHONE 
( 0 iiH 4 Br),S 02 . [172^"!. From p-bromo-bouzene 
and CISO 3 U (Armstrong, C. J. 24, 173) or SO* 
(Nolting, B, 8 ,594). A.lso from bromo-benzene, 
benzene sulpliochloritic, and Al,OJn (Beckurts a. 
©tto, B. 11, 2005). Neemes, si. sol liot alcoliol. 

p - BKOMO - PHENYL - THIO - CABBAMIO 
ETHEB C„H,„BrNSO i.e, C,H,Br.NH.CS.OEt. 
Bronio-phenyl’thio-urethane. [105°]. From p- 
bromo-phenyl thio-carbimide and alcohol at 
120° (Dennstedt, B. 13, 231). Slender needles. 

p-Bromo-pbenyl-di-thio-carbamio ether 
CaH^Br.NH.CS.SEt. Bromo-di-thio-carhanilia 
ether. [89°J. From p-bromo-phcnyl-thio-carb* 
imidc and mercaptan at 110° (D.). 



614 'BROMO.PEfENtI^TH1043ARBAMIO ETHER. 


jp.Brom«.p1ienyl-tUo-otmiiiid* 

0«H«6r.N.CS. p-Bfamo-pJunyl mustard oU. 
[61°]. Prepared by heating |)-bromo-aniUne 
with OS, in alooholio solution with a little 
aqueous KOH; the resulting thio-urca being dis¬ 
tilled with PjO, or heated with cone. HCl at 100° 
(Dennstedt,i’. 13,230; Weith and Landolt, B. 8, 
710). 

SIjj-BHOMO-DI-PHENyi-DI.THIOCINNA- 
MIC ALDEHYBATE C„H,.CJIj.CH{S.C,.H,lir).,. 
ji-Bromo-phem/l-mercaptal o/\nnamic aldehyde. 
[107°]. Formed by passing H\l g.as into a mix¬ 
ture ot p-bromo-phenyl moreaptan and cinna¬ 
mic aldehyde (llauinaiin, B. 18, 885). Long 
colourless noodles. 81. sol. cold alcohol and 
ether. ■' ^ 

BHOMOPHENTL-TinO-GlYCOtUC ACID 
C,H,BrSO., i.e. C,dI,Br.S.CII,.CO-U. [112°]. 
l^roin C„H.,S.CtI .CO ,11 and Br in dSr. (Clausson, 
Bl.[2]23,'411). ■ 

Di - p -BEOMO - DI - PHENYL - DI - THIO - DI¬ 
METHYL - XETATE (CIT,).,;C;(SC„H,Br).,. 
p.Bronio.pliemjl-mercaptol of acetone. [90°J. 
Long trnnsiiarent prisms. V. sol. hot alcoliol, 
ether, and benzene. Formed by passing FlCl 
gas into a mixture of p-brorno-pbenyl-mereaptan 
and aeoLmie (Jiamnann, B. 18, 888). 

p-BEOMOPHENYL-THIO-UEEA 
NlL.C.4.NltCJI,Br. [183°]. From bromo- 
pbonyl - (bio - caibimidii and alcoholic Nil, 
(Demistedt, B. 13, 231). Needles. 

p-Bromo-di-phenyl-thio-urcu 
NUl’li.CiS.NH.O,|Il,Br [158°]. Fhora bromo- 
phcnyl-thio-caibiraide and anilino (D.). 

Di - p - bromo - di - phenyl,; thio - urea 
CS(NH.C„U,Br).,. [178°]. From p - bromo- 
aniline, C8.;, and alcohol in iiroscnce ot some 
KOHAq (I).; Otto. B. 2, 400). Prisms. 

BEOMO - PHENYL - THIO - UEEXHANE v. 

BBOMO-I'llENYI.-TlIIO-CAnBAMIC KTIIKII. 

TETEA-BEOMO-PHENYL-phOLTJIDINE 
C|.,lI|,Br.N. [1.50°]. F'ormed Oy adding a solu¬ 
tion of Br in glacial IIOAo to an alcoholic so¬ 
lution ot phcnyl-jp-lohiidinc (Bomia, -1. z39, .j.S). 

Hepta-bromo-pUenyl-p-toluidino CuH.Br.N. 
[185°]. From phcnyl-p-toluiiline and Br at 280°. 

£ndeca-bromo-phcnyl-p-r«lnidino 
C,jHjBr,|N. [200 ]. F’ormed from phenybp- 
toluidine .and Jir at 310°. 

BEOMO -J. - PHENYL - TOLUENE 0, JI„Br. 
[127°-131°]. From yi-phenyl-tolucno and Br. 
'8mall tables (from alcohol) (Caruellcy a. Thorn- 
eon, C. J. 47, .080). ' , ' 

DI-p-BEOMO-DI-PHENYL-DEEA 
C„II„Br.,N,0 i.e. CO(NH.C„II,Br)-. Di-hromo- 
tarbanilide. li’rom'Ji-phcnyl-thio-ureo and Br 
(Otto, B. 2,400). Formed also by dcoomirosition 
ot the product from COCI, ard diazobenzene-p- 
bromanilide. Prepared by the action of car¬ 
bonyl chloride on p-bromanilino (Sarauw, B. 
15, 45). White glistening plates. Bubliraes at 
225° without molting,, SI. sol. alcohol and^ 
benzene. 

Tetra-bromo-di-phenyl-urea 
COtNH.O,|H 3 Br,.).,. Sublimes in needles (0). 

BEOMO-PHENYL-UEETHANE v. Bitoiio- 

^HENTL'CARHAMIC ETUEB. 

DI-BEOMO-PHENYL-VALEEIC ACID 
C,H,.CHBr.CHBr.CH,.CH,.CO,H. [109°]. From 
styryl-propionio acid and Br [Baeyer a. Jackson, 
B. IS, 122). 


BKOHO-PELOBAPHBirX t>. Fax^jSAeBSin. 
BBOXO . PHLOSEHO acid «. pHisnmTM 

iCID. 

TEI-BEOHO-PHLOSOOIUCIH 0,Br,(OH),. 
[161°]. Formed by brominating phloroglucin 
(Hlasiwetz, A. 96, 118; Herzig, M. 6 , 886 ). 
Long needles (containing 3aq) (from water). 
Reduced by tin and HCl to phloroglucin. Con¬ 
verted by cold HNO, (S.G. I'l) into tri-bromo- 
di-nitro propionic acid (Bcnedikt, A. 184, 255). 

Tri-acetyl derivative 0,Br,(OAo),. 
[183°] (Herzig, M. 0, 887). 

Hexa-bromo-phloroglucin dibromide 
C,Br,(OBv) 3 . [118°]. The final product of the 
brominalion ot phloroglucin (Uaznra a, ?3ene- 
dikt, M. 6 , 702). Small golden needles (from 
CHCy. At 190° it gives off Br (1 mol.). 
Aqueous SO; reduces it to C,Br,(OH) 3 . Tin and 
HCl form C„H 3 C! 3 (On),. 

DI - eso - BEOMO - v - PHOSPHO - AMIDO- 
benzene sulphonic acid 

(HO).,PO.NH.C„H,Br;.SO,H. The chloride 
Cl 2 P 6 .NII. 0 ,HJ!r,.SO 2 Cl is formed by treating 
di-bromo-amido-benzone sulphonic acid with 
PClj. It is converted by alcohol into the 
e ther-chloride (BtO).,PO.NH.0,n,Br.,.SO..01 
[c. 170°] (I,aar, J. pr. [ 2 ] 20, 257). 

BEOMO-PHTHALACfiNE v. PurrtALACENE. 

f-BEOMO-PHTHALIC ACID C,JI,Br(CO.;H), 
[1:3:4]. [140°]. Formed, together with its iso- 
meriile, by brominating pbthalio acid (Faust, A, 
100, 02; Pcclimann, B. 12, 2124; cf. Ouaro.sclii, 

A. 222, 205, Stallard, 0. J. 49, 187). Powder, 
V. sol. water, alcohol, and ether. 

Salts.—K;A"2aq : long needles (from alco¬ 
hol).—BaA" 2 iiq: crystalline powder; si. sol. 
water.—CiiA".— Ag..A": elieosy pp., si. sol. water. 

Anhydride Cjl 3 Br(CO),. 0 . [05°]. (300°- 
310°). 

Ethyl ether Et.,A" : (295°); liquid. 

c-Bromo-phthalio acid 0, n.,Br (CO^H); [1:2:3]. 
[170°] (C.); [174“] (M.); [197°] (C. a. T.). 

ji'onnatinn.— 1. Together with the preceding, 
by brominating pbtbalic acid (Pechmann).— 
2. By the o.xidation of bromo-nitro-napbtlialone 
[122'5°J with KMuO, (Guarcsebi, A. 222, 292), 
of bromo-(S).naphthol with KUnO, (Meldola, 
V. J. 47, 512), ot liquid bromo-ditolyl (Carnelley 
a. Thomson, C. J. 47, 591), of di-bromo-naph- 
thalene [130°] with CrO, in IIOAo (Onare.sohi, 

B. 19, 134), of C,„n 3 Br,(On) [l:a;:3:4:2] with 
KMnO, (Smith, C. N. 40, 87), and ot (a)-bromo- 
miphthalene, and bromo-o-tohiio aoid [1G7°] with 
^ilute HNO, (Racine, A. 239, 76). The bromo- 
o-toluio acid may be prepared from broino-o- 
toluidine C„H.,McBr(NH;) [1:6:2J? by Sand- 
meyor’s method; 70 g. ef bromo-toluidine gava 
63 g. of bromo-phthalio aoid. 

iVq/jertics.—White prisms (from water); y. 
si. sol. chloroform, m. sol. „water, alcohol, and 
ether. With resarcin it gives a fluorescein (Nour- 
risson, B. 20, lOlflj. The salt BaA" forms pearly 
plates, si. sol. water. 

Anhydride 0 ,H 3 Br(CO);O. [135°] (Mel- 
dola); [132°] (G.); [125°] (Smith); [108°] (Nour- 
risson); [95°] (Racine). Needles. Heated with 
phenol and H;SO, it forms a body (?bromo- 
phthalide) that dissolves in alkalis forming • 
purple solution. 

Di-bromo-phthalio aoid 0,H,Br,(OOjH), 
[1:4:2:3]. [135°]. From di-bromo-naphtboIeM 
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rSS”] and BKO,. 'White omtatline powder, sol. 
boiling water and aloohol (Qaareschi, .li. 233, 
874). On melting it changes to its anhydride. 

Belt.—NM-". 

Anhydride [208“]. Pearly needles (by 
sublimation). Heated with phenol and H.80, it 
forms a product (dibromophtluilein) that dis¬ 
solves in potash forming a purple solution. 

Di-bromo-phthalio acid C,II,Br,(COjH),. 
[206“]. Formed by oxidation of penta-bromo- 
(o)-naphthol or of tetra-biomo-(it)-naphtlioquiii- 
one by means of dilute HNO, at 150^ (bliimlein, 

B. 17, 2490). Colourless needles. V. e. sol. al¬ 
cohol, ether, and hot water. 

Sbalts.—A''Agj: small colourless plates, 
sparingly soluble. -A''Ca: pp.—A''Ba; pp. 

Anhydride C.HjBr,<QQ>0.[208“].Sub¬ 
limes in long colourless needles. Easily soluble 
in aloohol, sparingly in water andether. Fonned 
by heating the acid. Heated with resorcin it 
yields a di-bromo-lluorescein. 

Di-bromo-tetra-hydro-phthalic acid 

C, H,Br.,(CO.iH)j. Di-bromo-kira-kydro-bfimene- 
di-o-earboxylic acid. "Fomned by the direct 
combination of dry di-hydro phthalio acid with 
bromine vapour. Bhombohedra (Baeycr, B. 19, 
1810). 

Tri-bromo-phtbalio acid C„IIltr.|(CO.jU).j. 
[191“]. Formed by oxidation of pimta-bromo- 
( 8 )-naphthol or of tetra-bromo-(/3)-naphlho- 
quinone with HNO, (Flessa, B. 17,1482). Small 
silvery plates or needles. Nearly insoluble in 
petroleum ether and in cold water. 

S alts.—Ag.,A".—CaA" 2a(i.—BaA" 2aq. 
Anhydride C„HBrj(CO).,0: [157^j; sub¬ 
limes in white plates; easily solr^ble in alcohol 
and ether, nearly insoluble in cola water. 

Tetra-bromo-phthalic acid 0„Br|{CO.Jt)j. 
[266“]. F’ormed by oxidation of tetra-bromo-o- 
xylene by heating with dilute HNO, and bromino 
at 170“ (Blumlein, B. 17, 2493). Small needles 
or colourless prisms. V. si. sol. water. With 
resorcin it yields a tetra-bromo-fluorcsccin. 

S alts.—A''Ca.—A"Ba. 

Anhydride C,Br,<^Q^O. [259 ■’]. Formed 

by heating tho acid. Sublimes in colourless 
glistening needles. SI. sol. almost all solvents. 
V, also BBOMO-TEUEPIITirAI,IO ACIDS. 

BBOMO-PHTHALIDE C.H.Br<^Q^>0. 

[sorS:J]. [100“]. Formed in small quantity, 

together with bromo-o-toluic acid, by Iho action 
of bromine-water on o-toluic acid (Ilacioo, 

76). Needles (from dilute alcohol); sublimes 
readily. Insol. cold water or NaoCOjAq. Gives 
bromo-o-toloic acid [167°] on oxidation. 

(a).Bromo-phtbaliae '>0- [ 86 “]. 

From phllialide and bromineat 140“ (Racine, A. 
SS9, 79; B. 19, 778). Small cubes or |ablos 
(from ether). May bo distilled. Hygroscopic. 
Slowly decomposed by cold, quickly by hot, 
water, forming phthalio aldehyde - acid 
oi,(COsH)(CHO). Aloohol converts it into 
OA(CO.Et)(CHO). KMnO, oxidises it to 
phthalio acid. Ammonia forms amido- 

phthaUde,C.H,<^(*”“>>>0. [167“]. 


d-bromo-phthallda O^H^Br^O, It. 
O.H,Br<™>>0 [i I].* [188“]. S. (94 pA 
alcohol) '87 at 15“. From di-bromo-naphthalens, 
CrO, and glacial acetic acid (Guareschi, A. 232, 
282). Prisms or needles (from alcohol). Neutral 
reaction. Docs not reduce ammoniacal AgNO,. 
With phenol and H,SO, gives no dye on heating. 
DI-BEOMO-PICENE v. Pkese. • 

•BKOMO - PICBIN V, Tin - nnouo - nitbo • 

METHANE. 

BKOMO-PIP’a-HYDRONIC ACID v. Bbomo- 

ut-oxY-PnnNYL-VAT,ni;io acid. 

BROMO-PIPEEIC KCVa Dihydiide, 
C,sH||BrO, or 

On.,<^Q>CJf..Br.ClX,,.Cn,,Cn:CH.CO.,H. 

Bromo^{^)^hlJllro^p^})eric add. [171°]. From 
bromine alM (/y}“(li-Jiydro-piperio acid (Fittig 
Buri, A. 210, 177; Weinstein, A. 227, 42), 
Streaky white plates (from benzene).—Salt,— 
CaAV 

Itcactions. —1. Not aiTected by boiling aque¬ 
ous KOII.—2. KiMnO^ oxidises it, in neutral 
solution, to bromo-pipcronylic acid [204°], 
hi’omo-pipcro- propionic acid {<j. v.) and bromo- 
liiperoual; henccBr is in the bc'iizo.ne nucleus.— 

6 . Sodium-anuilgam fonns piimrliydronio or 
methylene-di-oxy-phcnyl valcric acid 0 , 2 H, 404 a 

BI-BBOMO-PIPERINISE v. Buosio-Tai-oxY* 

rilENYL-VALEniO ACID. 

BROMO-PIPBRONYLIC ACID v. Bromo-pi- 

OXY-BKNZOIO ACID. 

BROMO-PIPERO-PROPIONIC ACID v. Meth¬ 
ylene derivative *'! Buomo-di-oxy-iuienyl-pro- 
rioNTC Acn). 

DI. BROMO - FREHNITOSE v. Bi-buomo. 

DUltENE. 

BROMO-PROPANE v. PRorvi. imoMirw. 
Di-bromo-prepaue CsII^Br.^ i.c. 
niI..CH13r.CII.^ <r.(141-5 ^). Propylene bromide, 
S.G. g 1-9617 (/ ndcr, A, 214,175). S.V. 118*9 
(Z.); 11.8-4 (Schift). 

formation.—1. From propylene and Br 
(Bcynolds, A, 77,120; Cahours, C. P. 31, 291; 
Wnrtz, A. 104, 244).—2. From bromo-propylene 
and BBr.—B. Together with trimethylcne bro¬ 
mide by the union of HBr witli allyl bromide 
{Geromont,jyhL2J 16,113,Boboul,i?/.[2J 17,350). 
4. From propyl bromide and Br (Liniiemann, 
A 161,41). 

Properties. —Liquid with sweet smell. 
Rcac9lon\~~l, Alcoholic KOH forms two 
bromo-propylencs and, finally, allyiene (Sa* 
w'itsch, G. li. 52, 399).—2. AgOAc gives the di¬ 
acetyl derivative of propyLne-glycol (Wurtz, ^4. 
GA.[3] 4, 438). AgOBz gives tho corresponding 
benzoyl derivative (Friedol a. Silva, C. R. 7^ 
1379).—3. Convert* d into propylene by Zn and 
HOAo or sodium-atiialgam in alcohol (Linne- 
mann, B. 10, 1111).—4. Aqueous HI at 160® 
gives isopropyl bromide.—6. Heated to 100® 
‘with Ag-p and water it gives propionic aldehydd 
but no propylene-glycol (Bcilstein a. Wiegand, 
B. 15, 1496).—6. Water (20 vola.) and PbO at 
150° gives acetone, propionic aldehyde and 
propylene-glycol (Eltekoff, /. B. 10, 212).-— 

7. Protracted boiling with gives propylene- 
glycol (Niederist, A. 196, 349). 

aa-i)l-broniO'propaxid CH«.0Br,.GH|. Uethyl 
hromacetol. Bromacetol, Acetone bromide, ( 116 °). 
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1-8476 ijf 1-8314. 
20-7° (Perkin). Jnrmed 


B.G. 


. .- M. 10-137 at 

, .Jerkin). Forn^ in small quantity from 
acetone and PBr, or*PCl,Br, (Linnemann, A. 
138, 126; Friedel a. Ladenburg, Z. 1808, 48). 
Also from allyleno and cone. HBr (Eeboul, C. R. 
74,609); and from o-bromo-propylene and HBr. 

Reactions.—1. Water at 160° gives acetone.— 
2. Zn and HCl give propane (Linnomiiiin, A. 
161„67).—3. Alcoholic KOU gives a-bromo- 
pi-opylene CIIj.CBriCH^. i , 

wu-Bi.bromo.propane l 
CHj.Cll..CIiBr._.. (o, 130°). Fp^ni tv-bromo-pro- 
pyleno CH,.Cn:CHBr and cone. HBr (Uoboiil 
A. Ch. [6>14, 467). 

Biiv.j-Di-bronjo-propane Cn„Br.Cn..OII..Br. 
Trimcthjlene brumulc. ( 10 . 7 °). 8 .G. !! 2 - 6 o 0 (Z )■’ 
a 2-018 (G.): 1-J228 (F.). S.V. 117-8 (Z.)! 

Formed from w,<»,-di-oxy-propanc «and HBr 
(Freund, M. 2 , 039p 

^ Prejiaration.— Allyl bromide is saturated 
with very nearly dry HBr at - 10 °, sealed up 
and left at 30° for 21 hours. Tlie tube is 
opened and the operation repeated as long as 
any gas is absorbed (Goroinont, A. 158, 370: 
Iwboul, A. Ch. [ 6 ] 14, 472; Erlemneyer, B. 12, 

* Both, B. 14,1351; Bogomo- 
hta, Bl. [-2J 30, 23). 

RcMtions.—l. Alcoholic KOH forms allvl 
bromide or allyl ethyl oxide. - 2 . Alcoholic Ni t, 
forms some amorphous bases (Niedorist If 3 
840).—3. Heated to 100 ° with Ag,,0 and’ water 
It gives tri-mctliylene-glycol thus d'iltering from 
the isomeric propylene bromide which give.s 
propionic aldehyde (Beilstein a. Wiegaiid, B. 15, 
149b).--4. Al,Br„ converts it into propylene 
bromide (Gustavson, J.pr. [‘ij 36, 303), 

CH,,.CHBr.CnBrj. 
6 romo . inopyleno and Br 
(Reboul, A. Ch. [5] 14, 481). 

'’5“”“’ ■ Paopano q^,.CBr,.CJI.Br. 
(191 ). b.G. - 2-35. Formed la the union of 
broruo-propylenc with Br (Bebt^, A. Ch. fSl 
14, 481; 0. Kolbe, J.pr. 133, 39 .'!). ^ ^ 

»-Tri-bromo-propane CHJir.CHBr.CH.Br. 
Tri-brornhydrin. [17°]. (2-20°). S.G. -“!! 2 - 44 . 

Forimtion. — 1 . From di-broinbydrin or 
cpibromhydrin and PBr, (Berthelot a.'.loLuca, 

11 309).-2. From 

allyl bromide and Br ('Follena, A. 150, 108) — i 
K By bromination of isopropyl bromide (Linno- 1 
^nn, A. 130, 03).-4. Fromr'lyl iodide and Br 
(Wurtz, A. 104, 247). aF 

Frcycrfe.—Prisms or liquid. I 

Reactions. — 1 Alcoholic KOH gives ' 
CHiC.Cn,OEt. — 2 . !feli,d KOH gives two di- : 
br^o-propylenes. — 3. igOAe gives triacctin I 
8 ''®® G,H,(Cy),.- 5. Aloo- ' 
i^Iic NHg lornia di-bronio-di-allyl-ainitio and 
then incthyl*pyridine. 

Tetra-bromo-propaae CHi.CBr,.cnBr... 
Allylene tetra-bromide. (f25° 230°); ( 110 °- 130 °) 
at 10 nm. S.G. s 2-04. From allyleue and B^ 
(Oppenheim, Bl. [ 2 ] 2, 6 ; 4, 434; A. 132, 124). 
Biquid, decomposed by aleohoUc KOH into HBr 
179 ggj'^‘‘°““ P™Py'®"« («• 193°) (Pinner, A. 

n „^«‘‘'®;|»^®'“'!-PMP»n6 CH,Br.CBr,.CH.,Br. 

>"roi e ““ iso-allylcne and Br (Hartenstein, 

If. jpr. [3] 7| 817)* 


The following tetra-bromo-propanes have alto 
been prepared; 

(а) : (951°)! S.G. 2-64. Prom propylena 
bromide and Br (Beboul, A. Suppl. 1, 232). 

( б ) : [69°]; (o. 235°). By brominating iso¬ 
propyl bromide (Linnemann, A. 136, 64). 

(c): (220°); S.G. 2-47. From propylene 
bromide and Br (Cahours, A. 76, 284). 

Penta-bromo-propanes OjH.Br,. The follow¬ 
ing have been described: 

(a): (255°) ; S.G. 2*60. From propylene 
bromide and Br (Cahours, G. R. 31,291). 

(i): [173°]. I'rom ti’i-lroiuo-nropyleno and 
Br (Pinner, A. 170, (50). 

(c); CHBr,.CI!r,..CHBr,,. g.G. t'M Ol. {’rom 
propargyl b'-oniide and Br (Henry, B. 7, 761). 

BKOMO-PROPIOLIC ACID CBrlC.COFI. 
Formed by decomposing mucobromic acid with 
baryta (Jackson a. Hill, B. 11 , 1075; Am. 3 , 
121). Prisms (from ether). V. e. sol. water 
(crystallising therefrom with ;r,aq) j may bo par- 
tially subliniod at 100°. Boiling water liberates 
bromo-aoctyleno; boiling baryta forms bromo- 
aeetyleno and also malonio acid. The acid 
gives with di-bromo.acrylio acid a compound 
C,HBrOjC,,BrJI,0, [105“1. 

Salts. - liaAl.xaq.—Ag .V. 
a-BBOMO-PEOPlONIC ACID C ,H BrO, ie 
; OH,.ClHir.COJI. [25°] (W.). '(-lOO' 'coi-;). 

I Formed by heating propionic acid (1 mol.) with 
Br (1 mol.) lor several days at 150° (Friodel a. 
Machuca, G. R. 53, 408; A. 120, 2.80). Formed 
also from lactic acid and HBrAq at 100° (KckulO, 
A. 130 16). 

^ Reactions. — 1 . Bodinm-ainalgam forma pro- 
pioriio acid.—2. Boiling water and ZnO give 
lactic acid. 'TRo K salt change.s slowly to lactate 
in cold aciuoous sniution.-3. Alcoholic NH, 
Joriiis alanine.—4. Finely divided Ag at 150“ 
gives .s-di-mctliyl-snecinie .acid. 

Fthyl ether EtA'. (102°); (1,30°) at 160 
min. WS.G. it I-IO. From tlio acid (Bi.scholI, A. 
200, 319) Also from lactic ether and PBr, 
(Henry, A. 150, 170). Freparation. —Propionie 
acid (300 g.) is converted into tlio bromide by 
I adilmg amorphous phosphorus (31 g.) and slowly 
j running in breunino (100g.). After tlio evolu- 
; tion of HBr lues ceased the mixture is broininatcd 
I by heating to 4t)°-50° and slowly runniii" in 
j moro bromine (040, g.). When the whole of the 
: hromino has disappeared tho broino-propionyl 
bromide is converteiUiito tlie etliyl ether by the 
I addition of absolute .,,'eohol. It is then treated 
I wrlli water, washed ami, fr.actioiiated. The yield 
from .300g. of propionid, acid amounts to 640 g. 
of boiling-point 150 ’-160V (Zelinsky. B. 20,2026). 

Bromide CH3.CHBE.CO.Br. (165°). From 
propionyl bromide and Br\ also from iiropiouic 
acid, P, and Br (Weinig, J. 242, 163). ZiiMe., 
followed by wate% gives ineth /1 isopropyl ketone 
v'C (Kashirski, 

/i«Cd(!’(CnrCHBr.CO).3NH.3ri48°]. Formed 
by tho action of water on t*ho compound 
(CjHsNBr^) of propionitrile with Er (Bugler, A, 
142, 71). Needles, m. sol. hot watetj:. 

B-Bromo-propionic acid CH^ACH^.COjH. 
[02°]. Small glistening plates. l\jnned by 
heating hydracrylio acid with HBn at 120“ 
(Bcckurts a. Otto, B. 18, 227). ' 
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mB.l>i-bromo.propionio aoid 
CHjBr.OHBr.COjH. [64^1. (227°). S. 1945 
(?19*45) at ll°j S. (ether) 804 (?3-04) at 10°. 

Fomiation. —1. Got by ozidisiog ai.brorao- 
propyl alcohol with HNO,. The yield is bad 
(Mhnder a. ToUens, B. 5, 73; A. 1C7, 222) — 2 . 
Also by union of acrylic acid with lir (Caspary 
A. Tollens, A. 107, 250).—3. From acrolein di¬ 
bromide and HNOj, (Linnemann a. Pcnl, B, 
8 , 1097).—4. By the action of HBr upon a- 
bromo-acrylic and aa-di-bromo-propionic acids 
(Philippi a. ToUens, A. 171, 333). 

Properties, —Monoclinic crystals (Ilaushofcr, 
J, 1881, 087; Zepharovich, J. 1878, 003). It 
crystfftlises in two forms: tables [G1°J and 
prism; [61°]; the latter slowly change into tlio 
former. The salts readily split off bromide, 
forming i 8 -bromo.acrylic acid. 

Reactions.— Converted into acrylic acid by 
K1 and water, or by Zn and H. 2 SO 4 (u. Zotta, A. 
192, 102; 0. a. L).-2. Water at 120° gives 
bromo-oxy-propionic acid (Melikoff, Jiii.lO.'ia?). 

Salts.—AgA'.--NILA'.—KA'.-Cu.V..2afi.— 
SrA',Caq. 

Methyl ether Me/P. (205*8° cor.) (Weger, 
A. 221, 84). 

Ethyl ether EtA'. (214 0° cor.). 

Allyl ether C,H,A'. (2l5°-‘220°). 

Propyl ether PrA'. (233° cor.). 

oa-Di-broino-propionic acid ClI,.Cnr.,.COoH. 
[G5°J (F. a. M.); [01°J (P. a. T.). (c. ’22 l")* From 
a-bromo-propionic acid and Br (Friedcl a. 
Machuca, C. R. 64, 220; Pliiliiipi a. ToUens, B. 
6 , 615). Trimetric tables. 

Rcactioiis. —1. Zn and II^SO^ redueo it to 
propionic acid.—2. AlcoliolicKCHgivesa-bromo- 
acrylio acid.—3. Agd) forms pyv^V'C acid.—4. | 
r'iiiely divided silver in benzene gives di-inrlhyl- 
maleic anhydride.— 6 . The salts arc more stable ! 
than those of tho preceding acid; but the silver ' 
Balt warmed with water changes to pjravio acid 
(Beckurts a. Otto, B. 18, 235). 

Salts. — Nil,A' ^aq. — NaA'. — KA'aq. — 
BaA 2 9aq. -- Ca A'.^ 2aq.— SrA'g Gaq. 

Methyl ether MeA'. (c. 177°). S.G. 2 1*901. 

Ethyl ether EtA'. (191°). S.G. 1*751. 

Propyl etherPvM. (e, 202°), S.G. a 1*«81. 

Isobutyl ethcr PiCli^h'. (c. 210°). S.G. 

9 1-678. 

aa/3-Trl*bromo-proploDic acid 
Cn.,Br.CBr.,.C04H. [95°]. 

P'ormation.—!. By oxidation of acrolein 
bromide (Linnemann a. Peril, B. 8 , 1097/. - 
2. From «-bromo-acrylic acid and Br (Maulhnc:r» 
a. Suida, AT. 2,99; Michael a. Norton, Ain. 2,17). 

P?*oj> 6 rfics.—Monoclinic prisms: a:bx^ 
1*83:1; *315; 0 = 06°; m. sol. water, v. sol. alco¬ 
hol and ether. On heating the Ba salt CIL:CI3rj{ 
is formed. Alcoholic KOII gives ajS-di-bromo- 
acrylio acid. » 

Salt.—BaA's^aq: needles. 

a/3)3-Tri-bromo-propionio acA 
CHBr,.CHBr.CO,H. [118°]. Prepared by lyat- 
ing «/3-di'broma-acrylic acid for eight hours with 
cone. HBrAq (Hill a. Andrews, 4, 180; P. 
Am. A. 17,133). Rectangular plate^, v. sol. hot 
>vater, ether, and alcohol,—AgA'; email rhombic 
plates.—CaA '2 2 aq. 

Tetra-bromo-proplonio acid C^HBr^.CO^H i.e. 
OHBr 4 .CBra.COaH. [120°]. Prepared by Iho 
combination of a/S-di-bromo-acrylic acid with Br. 


Triclinio prisms: t. e. sol. alcohol and ether. 
The Ba salt is decompose() by boiling water with 
formation of tri-bromo-ethylene. Alcolmlio EOH 
gives tri-bromo-acrylic acid. 

Salts. — AgA'. — KA' 2aq. — BaA'* Jaq. — 
CaA'.,aq (Mautlmer a. Suida, M. 2,107; Hill a. 
Mabery, P. Am. A. 17,140; Am. 4,206; 5,251), 

0)3-DI-BROMO-PROPIONIC AIDEHpE 
CHoBr.CIIBr.CHO. Acroleindibromidc. ( 0 . 82°) 
at 5 mm. (Grimai a. Adam, Bl. ['*] 30, 130). 
From acrolein and Br ^Aronstoin, A. Snpjd. 
3,185; Henry, i./f 7,1112; Liniioniann a. .Ponl, 
B. 8 , 1097). Pungent oil. Reduces '*’eliling’s 
solution. Readily polymerises, becoming crystal¬ 
line [84°] ill presence of IICl. IING^ oxidises it 
to di- and tri-bromo-pro})ionic acids. 

Tri-bromo-propionic aldehyde. A liquid com¬ 
bination this body with propyl alcohol 
CBr 3 .ClI(OH)(OPr) appears to bo ifurmed on 
treating jiropyl alcohol with Br (Hardy, C. R. 
79, 8001. 

y . BROMO - n - PROPYL - ACETO - ACETIC 
ETHER CH,Br.CH.,.Cll,.CII(CU.CH,).CO.,Et. 
Liquid. Insol. water, sol. ulcoliol and ether. 
Heavier than water. 

Preparation. —0 grms. of sodium aro dis¬ 
solved in 00 grms. of ab.soluto alcohol and added 
to 32 grms. of aceto-acetic ether. I'lio sodio- 
acoto-acotic etlier is then added to 80 grms. of 
tri-molhyleno bromide and licated on tho water- 
bath for Jialf an hour; tho yield is 75 p.c. of 
the theoretical. 

Reactions. —By boiling with dilulo acids it 
yields acetyl-butyl bromide and hiially acetyl- 
biityl alcohol Cir,.CO.CH...CH,.ClI..CILo'H. 
Alcoholic NIL, eliniinotos HBr forming so-called 
‘ tri-methyloMc-iiceto iieetic ether’ (Lipp, B. 18, 
3277. V, also pp. 21 and 40 supra), 

)3-BROMO PROPYL ALCOHOL a,ll-BrO i.e._ 
ClLBr.CH.j.CII-/'’il.i>ro>nkyt/rm of t) i-im'(hif!ene 
ghjcol. (08°-ll'i’'''j at 185 min. S.G.l*r»37* 
S. 17 at 15°. ^^ rom tri-melliyk'ne glycol (s-di- 
o\y-prOiC.ine) and HBr (Friihling, M, 3, 097). 

&)-Bromo-i 8 opropyl alcohol 
CHa.CH(On).C.U.l!r (?). Bromlnjdrin of PropijU 
cue fjh/col. (M5°-148°). From propylene oxide 
and HBr (Markownikolf, 1870, 423). 

a)3-I)i-bromo-propyl-alcobol 
CIIBr.CIlBr.ClI..01i. Dibromidc of allyl 
alcohol. (219°) (\Voger, . 4 . 221, 83). K p. 13-1. 

Mcthylderivalive CILBr.CHBr.Cll.OMu 
(185°) (Huny.P. 5,. 455). 

Ethyl diriva(,ive CILLr.CIJBr.GHaOEt 
(191“). 

&-Bi-bromo-isopropyl aiccihol 
CIId3r.CII(OH).CILBr. Gi'iccriudi-hromhydrin. 
(219°). S.G. 2iL. From glycerin and PBr* 
(Bcrtiielot a. de Lu'*a, A. Ch, [3J 48, 313; 
Rcboul, A. Ch. [3] (K), 32). Also from glycerin 
and Br (Barth, A. 121, 349). V. also GLycEHiN. 

DI-BROMO-PROPYL-AMINE C 3 H,Br 2 N i.e 
fiH^Br.CHBr.CH^.NH.^. From ailylamino hydro¬ 
chloride and Br. Oil. Salts.—B'llCl: needles. 
—B'-^HaPtCla (Henry, B. 8 , 399). 

BROMO - PROPYL - BENZENE v. Bromo- 

CUUENE. 

Bi-bromo-jp - dr - propyl - benzene C,.HaBraPra. 
[48°]. From di-propyl-bcnzeno and Br (H. 
Korncr, A, 216, 227). Needles or rectangular 
tables (from alcohol). 
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BBOUO-PSOFn-BZKZOtO AGIO «. Bsouo- 

ontntna acid . . 

OI-BBOUO-BBOm BOBATB 

B(O.OH,.OHBr.CH 2 Bi),. Hexabromide of Amth 

BOBATE (7.D.). Oil. 

BBOUO-PBOFYI. BBOUIBB v. Di -nnoMO- 
rnorANB. 

TETEA-BBOMO-DI-PBOPYI-CABBIHOL v. 

2V(*I-nBOMO-HEPTYL-AlCOirOD. 

BEOMO - PBOPYLENE C,HjBr t.«. . 

CH,.CH;CHBr. (00°). S.G. 29 1-43. Formed, 
logethcr with CH,.CBr;CH,,liy4if!atingprov)yIcnc 
bvoniide with alcoholic KOIl (Rebonl, A. Ch. [.IJ 
14, 479). *006 of the products obtained by boiling 
ofl-di-bromo-butyric acid with aqueous NujCO,. 
HUr reunites with it fo.ming ohielly i)ropylene 
bromide, but the combination is very much 
slower than with its isomoride (48"). Alcoholic 
KOIl givesallyleno. IJr forms CHj.CfIBr.ClTI3r2 
( 201 “). 

o - Bromo - propylene ClI,.Cl!r:CIIj. (18°). 
S.G. 9 1'39. Formed as above (iteynolds, A. 77, 
122). Also by the action of alcoholic KOIl 
on CHj.CBr.j.ClI., (Koboid); and by union 
of Illir with allylene (Iteboul, C. R. 74, 0(19). 
Oil. Readily combines with llRr forming 
CII,.CRr..CII,. lirformsClI,.CHr.,.CH2Br(]91“). 
Mercuric acetate in HOAc at 100 ’ forma acetone. 

Bromo-propylene CIKBr.CIItOlIj ti. Allyl 
imoMim; p. 135. 

Di - bromo . propylene 0,11,Br.^ i.e. 
CH.,:CBr.CH.Br. (IIO^-IIS"). {a)-Ki>i-dibrom- 
hijiirin. From CH,Br.CHBr.CILBr and solid 
KOIl (Henry, yl. 1,54,371; B. 14,401) or sodium 
in ether (Tollcna, A. 166, lf8). Converted by 
water at 130° into bromo-allyl alcohol. 

Di-bromo-propylene CHBr;CH.CH,Br. (152°). 
S.G. ii 2-06. Formed, together with the pre¬ 
ceding and propargyl bromide, from s-tri-bromo- 
propane and KOH (Reboul, A.^tippl. 1, 230; 
licnry, B. 6, 180, 452). Aleohcyo AgNO, forms 
CIIBr:CII.CH,NO,; AgOAo ar.*^otassium sul- 
phocyanide also form B-bromo-allyl salta 

Di-bromo-propylene CII,.Cl{r;CIIBr. Allylene 
di-bromide. (132"). S.G. 9 2 0.5. From allylene 
and Br (Opponheim, Bl. (2] 2, 6; 4, 431; yl. 
132, 12C). Also from CH,.CHBr.CIIBr, and 
AgOAo at 120“ (Linnemann, A. 130, 60). 

Tri - bromo - propylene On 3 .CBr;CBr, (7). 
(184°) (0.); (c. 193°) (P.). From allylene tetra- 
bromido and alcoholic KO.\o (0.) or aqueous 
NuOH (Pinner, yl. 179, 69). 

Tri. bromo - propylene “ OII.IJr.ClirtCHBr. 
S.G. 10 2-53. Proparyyl tribromide. From 
propargyl bromide and Br. Non-volatile oil 
(Henry, 7?. 7, 701). • 

Penta-bromo-propyldlie CjHBr,. From allyl 
bromide, Br, and I at 210°.« Non-volatile oil 
(Merz a. Weith, B. 11, 2243). 

BROMO-PEOPYLENE-GLYCOL v. Gi-YOEnra. 
BEOMO-PBOPYLENE-DKEA CJI,BrN,0 i.o. 

CO<^J^>C,H,Br (?). * [120°J. Formed by 

warming an aqueous solution of di-bromo-propyl- 
nrea (Andreasch, 34.6, 40). Silky needles; si. 
wl. cold water.-B'Hd: [143°].—BTHBr: [168°]. 
—B',H,PtCl.. 

DI BBOMO-FBOPYL-HALONIC ACID 
C.H.Br,0, t.o. (CO,H).,CH.CH,.CHBr.OH,Br. 
[121°]. From allyi-inalonic acid and Br in OS, 
(Hjclt, A. 216,68; B. 16,624). Needles in stars 


ether). V. «. sol. ether, m. sol. water. 
Boiled with baryta, it forms di-oxy-ptopyl* 
malonaie of barium (q, «.). 

BBOHO ■ PBOPYX ■ PHENOL «. Bnouo. 

CDMKNOI,. 

BEOMO-PBOPYL-THIOPHENE 
C,SH,(O.H,)Br. (189°). Colourless oil. Formed 
by bromination of n-propyl-thiophene (Buffl, B. 
20,1741). 

Di-bromo-propyl-thiopheno C,SH(0,H,)Br,. 
(248°). Oil. Formed by bromination of propyl- 
thiophene with 2 mols. of bromine. By further 
bromination it is converted into tetra-bromo- 
thiophene (Rnffi, B. 20,1741). 

DI-BEOMO PEOPYL-VEEA 0,H,Br,N,8 ».o. 
NIl,.CO.NH.CH,.CHBr.CH,Br. [109°]. From 
allyl-urea and Br (Andreaseh, M. 6,38). Needles 
or leaOets, si. sol. cold water. Decomposed by 
heating with water into the isomeric hydro- 
bromide of bromo-propylene-urea (q. V.). 

BEOMO-PYBIDIME C,Nn,Br [3J. (174°i.V.). 
S.G. ? 1-645. 

Formation. — 1. By brominatlng pyridine 
(Hofmann, B. 12, 990).- 2. By the action of 
bromoform upon an alcoholic solution of pyrrol 
and NaOKt or upon potassium pyrrol in ether 
(Ciamician a. Silber, B. 18, 721; Ciamician a. 
Dennstedt, G. 12, 211; B. 16,1173 ; Danesi, O. 
12, 150). 

Properties.—kWeXino liquid, si. sol. water. 
Reduced to pyridine by sine and HCl. 

Salts. ]S',H.,PtCI,i2aq: yellow monoclinio 

crystals, a:6:c = i'207;l;l-188. 13 = 107° 7'_ 

B'HCl. 

Di-bromo-pyridine CjNIIaBr, [2:0]. [111°]. 
( 222 °). 

Fortyiaiion^l. From pyridine and Br (Hof- 
mann, B. 12, 988).—2. Together with pyridine 
and mono-bromo-pyridino by the action of bro- 
i mine on acetyl-piperidine (Hofmann, if. 10, 687 , 
j cj. Schotten, B. 15, 421).—3. From tropidine 
! hydrobromide and bromine at 170° (Badenburg, 

■ A. 217, 148), di-bromo-methyl-pyridine being 
j lirst formed, and ethylene bromide being the 
other product.—4. Formed by heating the tri¬ 
carboxylic acid [200 ’]. 

Properties.—Long flat pearly needles, Insol. 
cold water, si. sol. cold alcohol. Very weak 
base (diticrence from bromo-pyridino). 

Salt.—B'-HjClaPtCl,: golden yellow needles 
(Pfeiffer, B. 20, 1349). 

Methylo chloride C 3 NII,Br,MeCl. Formed 
by heating di-broino-apopiiyllin (j. v.) with HCl 
(Anderson, A. 94, 358; Hofmann, B. 14, 1498; 
v. Gerichten, A. 210, 99). Moist Ag.,0 liberates 
an alkaline hydroxide.—B'jMo,PtClj. 

Di-bromo-pyridine CjNHjBrj. [105°]. Formed 
by adding bromine to a boiling aqueous solution 
of pyridine-Bulphonio acid. Long white needles. 
Begins to sublime at abou). 80°. Sol. water, 
alcohol, ether add benzene.—B'^HjCI^PtCl, 2aq: 
large orange needtes, si. sol. water (Fischer a. 
Rcimerschmid, B. 16, 1184; cf, Konigs, B. 
17, 689). 

DI-BBOMO-PYEIDINE-BETAINE 
C,NH.Br.,<^Q 9>CO. Anhydride of di- bromo- 

oxy-pyridyl-acetie add. Formed by heating di- 
bromo-pyridine with chloro-acetic acid.— 
BHCl: colourless needles.—BJSjOljPtOl,: large 
soluble brown prisms (Gerichten, B. IS, 1268). 
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«B01(0-rraU>INB DI^ASBOXTUO ACl?) 

D, BBOXO-AFOFaTLLENIO ACID. 

Bromo-p3«idine-di-aarboxylia Mid 

[165°]. Pormod, together 
with oialyl-anthranilio acid, by oxidation o( 
[Pyj-bromo-quinolino with KMnO,. Crystals. 
V. sol. water, alcohol, ether, &o. It evolves CO. 
at its melting-point, yielding bromo-iiyridine- 
mono-carboxylic acid (broino-nicotinio acid) 
[183°] (Claus a. Collischonn, B. 19,^767). 

Di-bromo-pyridiae-tri-carboxylii acid 
C,NBrj(CO.,Hi, [difiiliSiSJ. [20(i“» anhydrous]. 
Obtained by oxidation ot di-bromo-.v-lri-incthyl- 
pyridino [81°] with KMnO,. Plat jdatcs (con¬ 
taining 4aq). V. sol. hot water, si. sol. alcohol, 
nearly insol. ethe.. FoSO, gives a red coloura¬ 
tion. Heated to 16.7° it gives a sublimate of di- 
bromo-pyridino [lll“]. 

Salta.—AgA'"aq: crystalline powder.— 
KIIjA'",; (iaq: glistening colourless needles, sol. 
hot water.—Cu 3 A "'2 laii; inicrocrystallino blue 
powder (I’fciffer, I>. 20, 1317). 

a-BBOMO-a-PYRIDYL- (P;/- 2) -PKOPIONIC 
ACID CJI^BiNO., i.c. C,li,N.CllvMo.COJl. 
From tho correspondin* oxy- acid and PUr, in 

cs 

'salt.—(CABrNOJHAuRr^ {Hardy a. Cal- 


mels, Bl. [2] dH, 232), 

DI-BEOMO-PYEOCATECHIN C..n.,Bra(OTT)o. 
Di-victhyl-ether OuHol3r.^(OMo).j. [93'^J. 
Prepared by bromination of tho di-methyl-ethcr 
of pyrocatocliin (Tiomann a.Koppe,!?. 14,2018). 
Formed also by tho action of I3r on vcratric acid. 
Colourless prisms. Sol. alcohol, ether and 
benzene, 

Tri-bromo-pyrocatechin CrtHBr.,(OH) 2 . 

Mono-victhyl‘Cthcr 0^1 TI3r.,(OMc)(OH). 
Tri‘hToniO‘guaiacol\}.^‘‘2' 'J. Wiuto^olte<lneodI<'S. 
Formed by bromination of guaiacol (Tiemann a. 
Koppo, B. 14,2017). 

Tetra-bromo-pyrocatcchin C«HjBr,(OH )2 
[1:2:3;4:.'!):6]. [103®!. Formed by bromination of 
pyrocatecliin in chloroform solution. Colour¬ 
less prisms (from acetic acid) or long ^ fine 
needles (from alcohol). On oxidation it yields 
tetra-bromO'O-quinone CsBr,0.,. Bromine-water 
at 80® forms [130-'] (>^incko, B. 20, 

1777; cf. Stcnhoiiso, C. J. 27, 080; 28, C; 
Hlasiwetz, A. 142, 251). 

TETRA-BROMO-PYROCOLL C.^HjBr^O.N^. 
Formed by Iicating pyrocoll with bromine at 
100®. Small yellow needles. Insol. alcohol, 
ether, chloroform and toluene, almost insol. 
acetic acid. By boiling with KOII it yields di-, 
bromo-pyrrol-carboxylic acid (Ciamician a. Mil- 
her, B, 1C, 2388). 

TRI-BR02I0-PYR0GAIL0L C^HaBraO* i.e. 
0,Br8(OH)5. Tri’-bivnio-pyrogaUic aoid. From 
tannin, glacial acetic acid and bromine at 100® 
(Stenhouse, C. J. 27, 586; 28,7; Webster, C. J. 
46, 207). From pyrSgallol and ht (Hlasiwetz, 
A, 143, 250). Flat needles, 8o!| hot water. Bro¬ 
mine-water converts it into ' xanthogallol ’ 
0 „HABr, 40 - [122®] whence alkalis lorm 

C„HyBr„0, [ISO®] (S.). 

D-BEOMO-PYKOMDOIC acid O^H^BrO,. 
Bromo-furfurane carboxylic acid [129°]. S. 
1-86 at 20°, From either di-bromo-pyromucio 
acid [168°], or [192°] by reduction with zino- 
dust and ammonia (Hill a. Sanger, A. 232, 68), 
Oa adding HOI the acid separates in matted 


needles. Silliy needles (from water, separating 
at first as an oil). Sol. chloroform and Densene, 
St. sol. light petroleum or CS,. Oij Br forms 
di-bromo-pyromuoio acid [166°]. Dilute H,,80, 
gives bromo-fumatio acid [177°]. 

Salts.-BaA'. 3 aq. S.213at20°.—CaA',3aq. 
S. 1-77 at 20°.-AgA'.—NaA'.-KA'. 

Bthyl ether KtA' r29'-'j (235° i.V.). 

/wuVfo.-CjIIJirO.NH.,. [ISO’]. Silkyn«!d]e3 
(fnom water). 

(5).Broino-pyromucic acid 0,11,HiO,. [181°]. 
S. -22 at 10°. . 

Formation.—!. By tho action of^ alcoholic 
KOH on tho diliromido ot pyioiunoic acid 
(Schill a. 'fassinari, B. 11, ul,2; O. 8, 297). 
An isomei'ido [155°] said to bo fovraod at the 
same lime has not been ob.=!ei'vcd by others. 
The dibroraido ot pyromuoio otlicr when saponi- 
licd also •produces di-bromo-pyi'oinuoio acid 
(Canzoncri a. Oliveri, O. 11, 172). -2. From 
pyromncio acid (20 g.) and Br (3li g.) at 100°, tire 
yield being 50 p.o. ot tlio tlicoretical (Hill a. 
Sanger, A. 232,16; B. 16, 1130). 

I’ropertics.—Pearly leaflets (from water); si. 
sol. cold water, cold benzene, and CHCI,; m. 
sol. alcoliol and ether. Aqueous bromine forms 
fumario, and tlio two di-bronio-snccinie acids, 
and di-bromo-farturano totrabroiniiie 0,H.,Br,0 
[111°]. Dilute HMO, produces maleic acid. 

Salt 3 .—KA'.—NaA'.—AgA'.—BaA',laq (H. 
a. S.): pearly plates. S. (of BaA'.J 3*17 at 18°, 
—l!a.V',2‘aq (0, a. 0.).—CaA'., 3aq: clumps ot 
prisms. S. (of CaAl.) 1'07 at 20’. 

Kthyl ether EtA'. [17°]. (235’i.V.). 

A tnide C,II,JrO.,(NH.,): [115°]; needles 
(from water). 

Tetrahromide 0,11,BrjO,: [173’]; noodles 
(from HOAc). 

Di-bromo-pyromucio acids. Pyromncio acid 
combines with bromino forming a tetrabromido 
wliiclr when ijoir'd with alcoholic NaOH forms 
a mixture of t\, .< di-bromo-pyromuoic acids (^ 
and i85',, (Sj-broino-pyroraucio acid and a tri- 
bromoi>yromucio acid (tho latter from tetra- 
bromide of (5)-bromopyromucic acid present in 
the crude bromide). Tho calcium salt of tile 
(35) acid is ppd. from dilutn (1 in 30) solutions 
of the mixed acids by NH, and CuCI,. ^ Of the 
remaining acids, the (S) acid is present in very 
small quantity, while the tii-bromo- acid is very 
sparingly soluble in liot water (Hill a. Sanger, A, * 
232, 07 ; B. 17, 1759; cf. Tomdes, B. 11, 1085; 
12,1202; Cit..zoncri a. Oliveri. Cf. 11,177). 


Coiistitulicm.—(Hill a. SaTigcr, A. 232, 97), ' 
Sacycr has proposed for py i jmuoio acid 

HO == C - CO,,II HC - C -CO,H 

(I) I >0 ( 11 ) II l >0 

HC = CII HC-CII 

(HI) HC c-co,n 
ix>0 

TK’—Cir 


The two di-bromo-pyromuoio acids would then b« 
BrC = C-COjH BrC-C—CO.,H 


(lo) I >0 

BrC = CH 


(IIu) 


HO 


!—OBr 


(IIIo) 


Br0-0-C0,H 




and 
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(It) 


BtC-0-CO,H 
I >0 

HO = CBr 


• (lit) 


H0-0-CO,H 

« I>0 

BrO-OBr 


(lUt) 


BtO—C-CO..H 

IX >0 ■ 


HC-CBi- 


Inasmuch as they are formed from the tetra- 
bronftde l 

HCBr-C®r.CO^H 
1 >0 
HCBr—CHBr 

by removing 2HBr. One of these acids pro¬ 
duces, on oxidation with UNO,,, di-bromo- 
maleio acid, tho,other gives mono bromo-maleio 
acid. Neither of the di-bromo-pyromucie 
acids derived from (II) could produce di- 
bromo-maieic acid, hence that formuia is dis¬ 
proved. Formula (III) is unusuar in form. 
Assuming formula (I) (/3-|<)-di-biomo-pyroinacio 
acid is represented ))y (la) while its (65) isonio- 
ride is (lb), and (5)-bronio-pyromucic acid is 
OH = 0-00,11 

I >0 , since on oxidation it gives 

CH = CIir 

maleic acid, while (,8)-bromo.pyromueic acid is 
OH = 0-CO.,II 

I >0 since it may bo got by reducing 
CBr=0U 

cither of the di-bromo-pyromucio acids. It 
will bo noticed that in the preceding argument 
it lias been assumed that tlio bromo-pyromucio 
acids are similar in constitution to pyromucie 
acid itself. 

(i3y)-di-bromo-pyromucio 'acid CJLBr.O, 
[192'^]. S. ’21 at 20“. From the tetrabroinido 
of ityromuoic acid and alcoholic NaOII (see 
above). Short prisms grouped oouoentrically 
(from benxene) or bulky feathery crystals (from 
water). Sol. alcohol or ether, ni. sol. chloro¬ 
form, si. sol. CS.j, boiling waterier light petro¬ 
leum (Hill a. Sanger, A. 232, H*,* 

Reactions. —1. Dry bromine forms tri^iromo- 
pyromucic acid.—2. Bromine-vapour passed into 
an aipieous solution of the acid forms tetra- 
brorao-furfurane, C,Br,0, [05“) and a little of a 
body C,II,Br.jO.„[89°] (di-bromo-malci'e aldehyde). 
3. Dilute HNOj on warming gives mucobromie 
and di-bromo-malcic acids.—4. Zinc-dust and 
NH, from bromo-pyromucic acid [129°]. 

• Salts.—AgA'.—NaA'2a(p~ KA'.—BaA'jSaq. 
B. "35 at 20°.—CaA'^Saij. S. 117 at 29°. 

Ethyl ether. —EtA'. [OS"). M^soh alcohol. 

Amide C,HBr,0,NH.,. [190°]. Slender 
needles (from dilute alcohol). lusol. CS, or 
light petroleum. Sl.'soJ. boiling water. 

(05)-di-bromo-pyromuolc acid C,H,jBr .,03 
[168°]. S. '28 at 20°. FroSa pyromucie acid 
and bromine at 100° (Hill a. Sanger, A. 232,73). 
Also from the tetrabromido of pyromucie acid 
and alcoholic NaOH (see above). Small prisms, 
often in twins (from vAiter). Very soluble in 
alcohol, ether, and boiling chloroform, less in 
benzene, sparingly in CS., or light petroleum. 

Reactions. —1. Aqueous bromine in the cold 
forms bromo-maleyl bromide.—2. Dilute HNO, 
forms bromo-fumario acid, bromo-maleio acid 
probably being an intermediate product of the 
reaction. 

Salts. —BaA',aq. S. ‘lOat 16°.—CaA',3aq. 
B. -SO at 17°.- AgA'.-HaA'2aq.—KA'. 


Ethyl ether EtA'. [68°]. (271° i.Y. with 
decomposition). V. sol. etbor, emoroform, benz¬ 
ene, and boiling alcohol, m. sol. cold alcohol or OS,. 

Bromide.—C.HBr,02.Br. [40°]. (c. 154°) at 
24 mm. One of the products of the action of 
bromine upon pyromucie acid. 

Amide C,lIBr.,0.,NIl2 [176°]. Silky needles. 

Tri-bromo-pyromucio acid C,HBr,Oj. [219°]. 
S. '072 at 13”. From the tetrnbromide of (S)- 
bromo-pyroi 'ucio acid and alcoholic NaOH (Hill 
a. Sanger, 232, 91). Some tri-bromo-fur- 
furano is also formed. Small needles united in 
clumps. V. sol. alcohol and ether, si. sol. chlo¬ 
roform or benzene, nearly insol. CS,, light petro¬ 
leum or cold water. , 

Reaclionr.—l. Water and oromiuc formtetra- 
bronio-furfurano [04°], thus: C.IlBr., 03 -l-Br.. 
= C.Br.Ot CO. + IIBr.—2. Dilute UNO, forms 
di-bromo-nialeic acid. 

SaltB.~-15aA',.3.aq. S. (of BaA'.,) '20 at 
20°.—CaA'.,4aq. S. (of CaA'.J -66 at 20°.—AgA'. 
—NaA'aq. KA'aq. 

Ethyl ether EtA'. [104°]. Iloctangular 
prisms (from alcohol). , 

Amide C,Br,0,NH,. [223°]. Slender needles. 
Almost insol. (iS.,, light petroleum or water, 
m. sol. ether, chloroform or benzene, v. sol. 
alcohol. 

Ba-BBOMO-PyROTARTAEIC ACID 
C,H,BrO, i.e. ClI.,Br,Cll(CO,lI).CU,.CO.,Il. 
Bromo-methyl-succinic acid, [137°]. (c. 250 ). 
From itaconic acid and cone. lIBrAq at 0° (Beer, 
A. 210, 79; cf. Fittig, A. 188, 73; Swarts, Z. 
18(16, 722). MonoeUnio crystals, v. sol. hot 
water. Boiling Na^COjAq gives itaconic and 
itamalic acids; boiling water produces paraconic 
acid. • 

Ethyl ether Et,A". (270°-275°). 

Cifiu-broino-pyrotartario acid 0,11,BrO,. 
[148°]. From citraconio anhydride and cone. 
JllJrAq at 0°. Also from mesaconio acid and 
fumizg IlBrAq at 140° (F.). Jfonoclinic crystals. 
Decomposed by heating alone or with Na,CO,Aq 
into nicthaci'ylic acid, CO-, and llBr. 'Xhe silver 
salt on heating with water at 130° gives oft 
allylene CHiC.ClI, (Bourgoin, /«. [2] 28, 459). 

Bromo - pyrotartaric acid C,H,BrO, [204°]. 
White prisms. Formed together with bronio- 
crotonio acid by the action of Br on propane- 
tricarboxylic acid CH3.CII{C0.H).CII(C0,H), 
(q. V.) (Biscliolf a. Guthzcit, B. 14", 616). 

ihi-di-bromo-pyrotartario acid Cjiyir^O,. 
From itaconic acid, Br, and water (Kekuld, A. 
ifnpjd. 1, 339). Crystals, v. sol. water, alcohol, 
and ether. 

Reactions. —1. Sodium-amalgatn reduces it 
to pyrotartaric acid.— 2. Moist Ag-0 forms di- 
oxy - pyrotartaric acid. — 3. Boiling aqueous 
Na-jCO, forms aconic acid. 

Anhydride CsH^BrjOja [50°]. Formed by 
adding Br to S solution of itaconic acid in 
chloroform (Petri,‘B. 14,1637). 

eVra-di-bromo-pyrotartano acid 
00,H.CBr,.CHMe.C0,H. [150°]. S. 133 at 13°. 
From citraconio acid and Br (Kckuld, A. Suppl. 
2, 86; Krusemark, A. 206,1). Groups of needles ; 
V. e. sol. water, alcohol, and ether. Heated with 
water or aqueous Na,CO, it yields propionio 
aldehyde, bromo-propionio aldehyde, bromo- 
mcthacrylic acid, and IIBr. — CaA". 

Anhydride C,H,Br,0|. From citraconio 
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anhydride and Br; formed also by heating the 
following acid with water. , 
ifesfl-di-bromo-pyrotartaric acid 
COjH.CHBr.CBrMe.CO.^H. [194^] and [204°1. 
S. 81*6 at 13°. From mcsaconio acid and Br on 
wanning (Kckul4, A. Suppl, 2, 102; Fittij?, 
A* 188, 86; 206, 1). Nodules. Heated with 
Na^COaAq it gives propionic aldehyde, two 
bromo-methacrylic acids, CO.^, and HBr. Ifoated 
with water it gives propionic allchydo and 
bromo-citraconic anhydride. I 

Di-bromo-pyrotartaric acid [10‘i|]. l-’orniod 
by brominating pyrotartaric acid (Roboul a. 
Bouvgoin, Bl. [2] 27, 618). 

IJj.bromo-pyrotartaric acid [128°]. From 
propane tri-carboxflic acid and J3r (BiscliolT a. 
Emmert, B. 15,1107). 

Tri-bromo-pyrotartaric acid C-H-Rr.,0,. 
From pyrotartaric acid, Br, and water at 120° 
(Lagennark, Z. 1870, 21)9). Hexagonal i)riBms; 
sublimes above 2-10°.—Ag^A". 

TBTKA.BROMO.PYRO'TRITARIC ACID 
CjnjBr^Oa. Tetra - hromo - nric acid. [ 162°J. 

Obtained by exposing powdered dry pyrotritaric 
acid to the vapour of drjj hronnneat theonlinary 
temperature. Large colourless crystals. V.sol. j 
alcohol, ether, acetone, acetic acid, chloroform, I 
benzene, and CSo, insol. wat(n* ainl pelroleum- 
other. The bromine is removed by alkalis and 
by aniline. By sodium-amalgani in shglitly j 
acid solution it is reduced back to pyrotritaric ' 
acid. By the action of an exec'ss of liromiue at 
100 ° it yields penta-bromo-pyrotritaiio acid. 

Tetra • bromide CjlIiBr^Oj: [180°]. 

Formed by dissolving telra-bromo-jiyrotritavic 
acid in an excess of dry bromine. Small prisms; 
V. sol. acetic acid, si. sol. benzene, chloroform, 
and CS.j, insol. water and ligroTn.** Decomposed 
by alkalis, llediiced to pyrotritaric acid by 
sodium amalgam (Dietrich a. Paal, B. 20, 1078). 

Penta-bromo-pyrotritaric acid 
C,H,Br,0(C(yi). [c. 197°J. Obtained by heat¬ 
ing the tctra-broino-derivativo with cxcos^h of 
bromine at 100°. White glistening crystals. 
V. sol. ordinary solvents except water and ligroin 
(Dietrich a. Paal, B. 20, 1082). 

TRI - BROMO - PYRROL - (a) - CARBOXYLIC 
ACID C4NHBr,(COJI). Tri - hromo - (a) - carlxi^ 
l^yrrolic acid. Long colourless needles. V. sol. 
alcohol, ether, acetone, si. sol. hot water, insol. 
pctrolcun\-ctlicr. Tlie methyl ether is formed 
by bromination of the methyl ether of pyrrol*(a)- 
carboxylic acid. 

Methyl ether A'Mo: [210^]. Longslcnder 
needles, V. sol. ether and liot alcohol, si. soi! 
benzene and petroleum-ether, insol. water (Cia- | 
mician a. Silber, B. 17,1153). j 

Di-bromo-pyrroldi-carboxylicacid. Methyl \ 
ether C4NHJ3r,(CO,Me)2. [222°]. From di-| 
methyl pyrrol di-carboxylate and Br (Cianiioian 
a. Silber, Q. 17, 2vl9). Long ^hito needles; , 
insol. water, sol. ether and hot alcohol. Con- I 
verted by cold fuming HNOj into CiHjBrNO* j 
[0.171°]. % 

BROMO-PYRRYL METHYL KETONE 
CH3.CO.C^H,BrNH. Pseudo - acetyl - hromo . 
pyrrol. [108°]. Long colourless lecdles; ob¬ 
tained by bromination of pyrryl methyl ketone 
(Oiamician a. Dennslcdt, Ti. 16, 2.35J). 

Dl-bromo-pyrryl methyl ketone 
CH,.CO.C*HBrjNH, [144°], white needles. 


Formed by bromination of pyrryl methyl ke* 
tone. 

Tri-bromo-pyrryl methyl ketone OeH4Br,ON. 

[179°]. White silky needles. Sol, hot alcohol, 
ether, and aqueous alkalis, insol. water. Formed 
by the action of bromine upon pyrryl methyl 
ketone in aqueous solution (Oiamician a. Silber, 
B. 18, 1765). 

Peuta-bromo-pyjjryl methyl ketone 
Oi,IJ.Br^ON. [20(J']. Small white neooles. 
Formed by bromination of the tri-bromo-dcriva- 
tive dissolved in acetic oeid (C. a. S., B. 18, 
.1765) or of pyrrff methyl kolono (C. a. D.). 

BROMO-PYRUVIC ACID C,n.Br,0, U. 
CH.Br.CO.CO.,H. P’rom pyruvic acid, Br, and 
water at 100° [Wichellug.19, B. 1, 265). Syrup. 

Di-bromo-pyruvic acid CUBr.^.CO.CO-H. 
[01°] (W.); [93°J (C.). From pyruvic acid 
(log.), waty (lOg.), and Br (log.) at 100 * (Bot- 
tinger, B. 14, 1236; cf. Grimaux, HI. [2] 21, 
C9l; Clermont, il/. [2] 19,103; Wisllcenus, A. 
148, 208). Monoclinio efllorc.sccnt tables (con¬ 
taining 2aq); sol. water and ether. Baryta con¬ 
verts it into tartronic aeid. Benzene and cone. 
H,SO, form CHHr,.C(OIJ)r’li.C(),H (liottingor, 
H. 11, 1235). - Di-ljromo-ijyruvic acid (1 mol.), 
urea (1 mol.) and cone. H^SO, form di-bromo- 
pyruvnreido CiHBr.N^Oa," wlienco bromine- 
water forms tri-bromo-pyrnviiriii 
a body which is decomjiosed by cold ammonia 
into bromofovm and ammonic oxalnratc. Am¬ 
monia converts di-bromo-pyruvnreido into di- 
bromo-pyruvurainido C,1I ,Br.N,,0^ which is de¬ 
composed by boiling baryta-water into NHg, 
urea, llBr, tartronic acid, and amido-uraoil 
C4H.,N30. (E. Fischer, A. 239, 185). 

Tri - bromo - pyruvic acid CBr.,.CO.C02H. 
[90°J, [101°, hydrated]. Formed, together with 
I the^ preceding, by brominating ])yruvic acid 
I (Grimaux, Bh [2J 21,3!)0). Also from lactic acid 
and Br. Lamirbe reBoiriljling naplithalene(con- 
I taining 2aq); k?. ^ol. cold wafer. Decomposed 
I by boiling waiJfr into bromoform and oxalio 
: acid. 

j Kihyl ether EtA'. [97 ]. P’onned by add- 
I ing Br to a solution of lactic aeid in ether (ICli- 
: inenko, J. R. 8, 125 ; Wislicenus, A. 11.3, 10). 

I DI-BROMO-PYRUVURAMIDE C.H.N.Br.p,- 
\ Bi’hromo-yyimramide. [170°-lftO ]. f’rom di- 
' bromo-pyruvurcido and couc. NI).,Aq in (be cold 
; (Fischer, yl. 2.39, 191). ' Slimdcr needles (from 
I alcohol). V. sol. warm water, hut slowly decom-* 
posed by-^iojiing wqter. Decomposed by boiling 
baryta-water 'into NH,, urea, HBr and tartronic 
acid, another portion forming amido-uracil, 

DI-BROMO-PYRUVUKFIDE O^lUir^NaOj. . 
Di-bromo- 2 >yvurcidc. Vum di-broino-pyruvio 
aeid (7. u.), urea, and coikj. H.SO, (Piseher, A, 
2Hi), 188). Gramili )• crystals (from ITOAc), v. si. 
sol. aloohol, w'ator, and acids; sol. dilute alkalis. 
Decomposed by boiling aUcalis. Decomposed by 
heat above 280°. Its ammonium and guanidine 
tsalts arc si. sol. water. * 

TRI-BROMO-PYRtrVURIL ANHYDRIDE 
C;,H3Br3N,02. Tri-broniO’anhydro-pyvuril. 
[180-']. Formed by heating tri-bromo-pyruvio 
acid and urea at 100° (Grimaux, A. Ch. [6] 
11, 373). Light needles (from water). 

TRI - BROMO - PYRUVURINE C,H,Br,N.A 
i.e. CBr3.CO.CO.NH.CO.Nir3. UreTde of 
\ bromo-pyruvicadd. Tri-bromo-pyvtirine.l2i7^] 
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From di-bfomo-P 7 mvure!de and excess ol bio- 
snine-water at 100° or |n<10, (6.0.1'4) (Fischer, 
A. 239,189). Glittering plates, zn. sol. boiling 
water and alcohol, y. si. sol. ether. Decomposed 
even by cold alkalis into bromoform and ammo¬ 
nium oxalurato. 

(D. 2)-BB0M0 - aUINOLINE C,H„BiN i.e. 
C,H3Br(0jH,N). Bem-brmm-^qmwliiut. (‘J78‘). 
LiquM. Volatile with steaVi. Prepared by 
heating p-bromo-anilino witft glycerin, nitA)- 
benzene and IIBO,; the yield is 80 p.c. 

Salts.—li'ilCl: small zVi^'to needles.— 
(B'HClijl’tCl,: microscopic needles (La Coste, 
JB. 15,658^ 

Bromo-quinoUne C||H,BrN. (270°). Yellowish 
oil. Prepared by bromnation o£ quinoline. 
Perhaps identical with the preceding. 

Salts. — B'HCl: inonoclinio prisms. 

(B'HCl).,PtCl,: fine orange-red needle?. 

Methylo-iodide C,H,,BrNMeI. By the 
action ol AgD on an aqueous solution of the 
iodide, a strongly alkaline solution of the hydrate 
is produced(C„II,BrNMcOll); this is transformed 
on standing or warming, by splitting off 11,0, 
into the much more stable methylo-oxide. 

Methylo-oxide (0.iytrNlIo),,0. [147°.]. 
This is also formed by the action of KOH on the 
iodide. Colourless needles. Soluble in hot alco¬ 
hol, sparingly in cold, very slightly soluble in 
water and ether. Combines with acids very 
slowly (La Costo, B. 14, 915; 15,188). 

.CBr:CH 

(Py. 1 or 2)-Bromo-qainoline C,H,^ | 

'N : CH 

.CILCBr 

orCjH,^ I . (274°uncor.). Formed, to- 
: CII 

gether with propyl bromide, propylene bromide, 
quinoline hydrobromide, &c., by heating the 
propylo-bromido of quinoline^li-bromide to 
170°-190°. Prepared by heating to 180° the 
hydrobromide of quinoliiiC* di - bromide: 
q,H,Br,N,HBr =. C.H,BrN,irBr + HBr;th^uino. 
line-di-bromido is formed by the action of bro¬ 
mine on an ethereal solution of quinoline. Oil of 
aromatic smell resembling quiiioliuc. On oxida¬ 
tion with KMnO, it yields o.xaloxyl-anthranilio 
acid C,H,(CO,1I).NH.CO.CO.,H and bromo-pyri- 
dine-di-carboxylic acid C;.H 2 BrN(CO-H) 2 . 

Salts.—B'llCI: neerllcs or tables; sublimes 
without melting.-B'HlSr: foursided tables or 
prisms; sublimes at c. 1C0° withou^ielting; 
sol. alcohol, si. sol. cold water.*-ErilNO,“: 
[180° nneor.]; small concentric prisms.— 
.B'jHjSO,* : [183° uncor.]; small noodles; dis¬ 
sociated by water.—B’lI^Cr,0,: [145“]; sparingly 
soluble flat yellow prisms (from hot water).— 
B'jHjCl.PtCl,: small orangc^ycllow needles.— 
B'jAgNO, : [173°); needles (Claus a. Col- 

lisohonn, B. 19, 2703). 

(B.l:4)-Di-bramo-quinoline 

!®gJ^C,H,N. [128°].*(a)-Di-5ro»lo-2Miitoif»«. 

» Formation. —1. By bromination ofquinoline by 
heating the hydrochloride with bromine at 180° 
(La Coste, B. 14, 917; 15,191).—2. By heating 
di-bromo-aniline [1:4:6] with a mixture of glyce¬ 
rine, nitrobenzene and H,SO, (Metzger, B. 17, 
186). 

Propertiei .—Distils without decomposition. 
Volatile with steam. Long white needles. Almost 


insol. water, v. sol. alcohol, ether^i benzene and 
aqueous ooids. ' «. 

Balts. — B'HOli small needles. — 
B',H.,01jPt01,: fine yellow needles.—-B'jH,0r,O, t 
orange-red microcrystalline powder, decompose 
by water into the base and CrO,. The piorate 
forms long yellow needles, decomposed by water. 

Methylq.iodide B'Mel: Blonder rod 
needles. Soi;. hot water, insol. ether and cold 
alcohol. j. 

MethylS^-oxide B'.,Me.,0. Formed by the 
action of NaOH on the iodide. Mioroscopio 
needles. 

(B. 2,4)-Di-bromo-quiuoline CJLBr.,(0,ILN). 
[101°]. Slender colourless needles. * Volutiflses 
undecomposrd. Formed by heating di-bromo- 
aniline with glycerin, nitrobenzene and ILSO.. 
(B'HCl),PtCl, (La Coste, B. 15, 559). 

Di-bromo-qninoline (piobably B. 2 : Py. 1) 
C„II ,Br;N. [124° uncor.] Formed by the action 
of bromine (2 mole.) upon quiuoline-(B. 2)- sul- 
phonio acid (1 mol.) in cold aqueous solution. 
Long colourless needles (from ether). Subli¬ 
mable. It is oxidised *by KMnO, to brorao- 
pj’ridine-di-oarboxylio acid [lC5°j (Claus a. 
Kiittner, B. 19, 2884). 

Di-bromo-quinoline tetrahydride 0,H,BrjN. 
[CC° uncor.]. Formed by reduction of tetra- 
bromo-quinoline with sodium amalgam. Colour¬ 
less tables. Volatile with steam. Sol. alcohol 
and ether, insol. water. 

Salts.—BTICl: [75°], acicnlar crystals.— 
(l!TICI)2PtCI,2aq : yellow crystalline powder.— 
BTINO;,: [189°]: prisms. — B'H^SO,: white 
plates, decompo.ses at 210“ uncor.— B'lIjCjO,: 
colourless tables, decomposes at 171“ uncor. 
(Claus a. Istcl,*B. 15, 822). 

Tri-bromo-quinoline C,|H,Br,,N. [170° uncor.]. 
Formed by the action of bromine (3 mols.) upon 
an aqueous solution of quiuolino-(B. 2)-sul- 
phonjo acid (1 mol.) at 100°. Long silky 
needles. SI. sol. cold ether (Claus a. Kuttner, 
B. 19, 2885). 

Tri-bromo-quinoline C.,II,BrjN. [175°]. From 
quinoline and Br (Lnbavin, A. 155, 318). .Silky 
needles; v. sol. hot alcohol. Possibly identical 
with the preceding. 

Tri-bromo-quinoline CJI.BrjN. [198° uncor.]. 
Formed by the action of bromine upon an aque¬ 
ous solution of quinoline-(B. 4)-3ulphonio aoid 
at 100°. White felted silky needles. V. sol. 
ether and hot alcohol. Sublimable (Glaus a. 
Biittnor, B. 19, 2882). 

Tetra - bromo - quinoline 0,H,,Br,N [119° 

uncor.]. Long colourless needles or thick 
prisms. Insoluble in water. Formed by bro¬ 
mination of quinoline in CS. (Claus a. Istel, B. 
15,820). 

Hoxa-bromo-qninoUneC,IIBr,N. [90°]. From 
pyridine (2,3)-df-carboxylic aoid, Br, and water 
(Weidol, A. 173, 25). Needles (from alcohol). 
Beduqpd to quinoline by sodium amalgam. 

(B. 4)-BBOMO-QUINOLINE IB. 1)-CAP,. 
BOXVLIC ACIDC.IIiBrN(COjH). [275°]. From 
bromo-araido-benzoic acid C,H,Br(NHj).CO,H 
[1:2:4] (lOg.), glycerin (22-5g.), o-nitro-phenol 
(6g.), and HjSO, (20g.) by heating for 6 hours at 
160° (LcUmann a. Alt, A. 237, 813). White 
powder, v. si. sol. water and ether, si. sol. bob 
alcohol. Salt.— (HA')APtC1.4aq. 
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Ji^E0M0.ftTOf011irB.|UIPH0HI0 ACID 
S. -08 al 22°; -9 at lOb”. 
Bhcrt thin needles.’ SI. sol. alcohol. Formed 
tosether with the /3-acid b^rsolphonatingbromo- 
quinoUne. 

Salts.—^A'jMndaq: small yellow needles.— 
A'Ag : spangles or needles.—A'K: short prisms. 
S. 1*37 at 17°.—A'NH.**: felted needles.—A'-^lia: 
nearly insoluble crystalline pp.—A'^MglOaq: 
colourless plates. - A'^Zn 4jiq : thinrl colourless 
needles (La Costo, B. 15,1910). q 

(8)-Bromo-qiiiEoline-sulphonio a* id 
0 ,H.N(Br)(S 03 H). S. *15 at 22°; 2*76 at 100°. 
Short thick needles (containing aq). Formed 
together with the ((t).acid by eulphonation of 
bromo-quinoline. 

Salts.—A'KlJaq: large t.ablcs, S. 17*25 
at 22°.— A'Ag: oolonrloss needles.—A'.,Ba2aq: 
sparingly soluble needles.—A'._.Mg9aq’; small 
needles.—A'jZa9aq:six-sided tables.—A'..Mndaq: 
colourless tables (La Coste, B. 15,1915)'. 

BEOMO-axriNONE CJI^BrO.^. [50°]. Formed 
by oxidising bromo-hydroquinono with FejCl,, 
(Sarauw, A. 209, IOC). Groups of needles, v. sol. 
alcohol, ether, and benzene, si. sol. hot water. 
Ammonia gives a green colouration, turning 
black on warming. 

Si-bromo-quinone C.HjBrjO.,. [183°]. Formed 
by oxidation of di-bromo-hydroquinono (S.; 
Benedikt, M, 1, 346). Small golden crystals, 
insol. water, sol. alcohol, ether, and benzene. 
Boiling KOFTAq gives di-bromo-di-oxy-quinone 
(dibromanilic acid). 

Di-bromo-quinone C„H..Br 302 . [70°]. 

Formation.—T)i - bromo - p - diazo - phenol, 

C,H 3 Br 3 <^^ is converted by a boiling solution 

of calcium chloride into di-brorao-hydroquinono, 
C,Il 2 Br. 3 (OH). 3 . This solution is mixed with 
Fe^Clfl and distilled, when the quinono passes 
over. Tho yield is small. 

Properties. —Long, extremely slender needles, 
sol. in alcohol, ether, CHC1„ CS., benzene, and 
alkalis. Pungent. May be sublimed (Bohmer, 
J. pr. 132, 4CD). 

Di-bromo-quinone CJI,Br,,0.3. [122°]. From 
tri-bromo-phenol and fuming HNOj at 0° (Levy 
a. Schultz, A. 210,158). Yellow lamina) (from 
dilute alcohol). 

Di-bromo-quinone 1 [88']. From quorcite 
and HBrAq at 1C0° (Prunier, A. Ch. [5] 15,67). 
Three di-bromo-quinones are indicated by theory. 

Tri-bromo-quinone CjUBriOj. [147°]. Formed 
by oxidising tri-bromo-hydroquinone in dilute’ 
alcoholic solution (Sarauw, A. 209,120). Golden 
icadets (from alcohol) ; sol. alcohol, ether, and 
benzene. Alkalis give a green colouration, 
followed by separation of red prisms. Boiling 
cone. NaOH gives di-bromo-di-oxy.quinone and 
tri-bromo-hydroquincae. A tri-bromo-quinone 
[108°] is got by heating queroite with HBr (P.). 
A tri-bromo-quinone is also foiiftiod by reduction 
of tetra-bromo-quinono (Stenhouse, A. Sr.ppl. 
8,20 i c/. Herrmann, B. 10,110). 

Tetra-bromo-qulnone 0,Br,0,. Bromanil. 

Formation.—1. By treating phenol with Br 

and I (Stenhouse, C. J. 23, 10)_2. By boiling 

picrio acid withBr and water (Stenhouse, A. 91, 
807).—8. From quinone and Br (Sarauw, B. 12, 
880, A. 209,126).—4. Aproductof the action of Br 


and water on benzoic acid (Hflbner, A, J48,365), 
and on proields (Hlasiweta a. Hsbermann, A, 
169,820).-6. From tri-brcJno-phenoland HNO, 
(Xiosanitsebp 3, 16, 474).—6. From di-oxy^di- 
hydro-terephthalio (sucoinylo-succinio) acid and 
Br (Herrm^n, A. 211, 341).~7. From (1,3,5,4)- 
bromo-di-nitro-phcnol by lioating with Br (liing, 
C,/. 61,147). t> V tt. 

iyopertic/i,~~GoJ.ien lamina) (from H0.4o)i 
suHimes as sulpf*dr-ycllo\v crystals. Insol. 
water, m. sol. boilinp; alcohol, si. sol. ether. 
lIIAq reduces it ^to letra-l;romo-hydroquinone. 
Potash forms a greenish-black solution turning 
purple. * 

Tetra-bromo-orfJio-qniTLoiie C,iBr^0.j 
(1:2:3:4;5:6J. [151®]. Obtained by oxidation of 
tetra-bromo-pyrocatochin in acolio aeid solution 
with HNOj. It can also bo prepared directly 
from pyrocAtechin by adding bromine (10 to 
12 x)ts.) to a boiling solution of tho laUor (1 pt.) 
in acetic acid (20 pts.). Bark-red tliick prisms, 
tables, or transparent plates. V. sol. alcohol, 
ether, acetic acid, and benzene, si. sol. petroleum 
spirit. It is a powerful oxidising agent, being 
readily reduced to tetra • bromo -pyrocatcciiiii. 
\yith aniline it gives a compound which crystal¬ 
lises in bluish-hlack glistening plates or thick 
needles [173°] (Zinckc, B. 20, 1770). 

BI-BUOMO-QUINONE-CHLORIMIDE 
vNCl . _ 

[80°] Long yellow 


prisms. Prepared by adding a solution of 
chlorido of limo to an acidified solution of di- 
bromo-amido-phenol [2:6:4:11 (Mbhlau, B. 10, 
2845). 

DI-BROMO-QUINONE-PHENOIi-llttlDE 

^ [1:2;6:1]. 


Format Ion .—By adding di-bromo-quinone 
chlorimido to an^'T^kaline solution of phenol.— 

2. By oxidising an alkaline solution of di-bromo- 
amido-piJmol [2:6:l:lj and phenol with K^Cr^O,. 

Properties .—Bark red prisms with metallic 
reflection. Sol. alcohol, ether and acetic acid 
with a magenta-red colour; insol. water. 

Ecactio^vs.~On healing with IJCl it is split 
up into quinone and di-lromo*amido-phenol. 

On reduction it yields di-bromo-di-oxy-di-phenyl- 

ammo 

Sodir. m ij^alt C,<JI,BrjOJJ(ONa): long blue 
prisms with golden-green reflection. Soluble in 
water and alcohol with a blue colour. Heated 
with an excess of aqueous N .OH tlic blue colour 
changes to red, but rcappo .rs on cooling (MOhlau, 

B. 16, 2845). 

BBOMO-BESOBCIN C,H,Br(OH)r [91°]. 
Formed by boilini' l'i*omo-di-oxy-benzoio acid 
with water for some hfmrs (Zehenlcr, M. 8,293). 
Groups of needles; v. soj. water and ether, m. 
bbl. alcohol. FojCl, colours tho aqueous solu¬ 
tion bluish-violet, a rod pp. being subsequently 
formed. Heated with water, K^CO,, and SnCl. ' 
it gives resorcin and di-oxy-benzoio acid. 

Bromo-resorcin. Di-propyl derivativt 
0,H,Br(OPr)j. [71°]. Formed by brominatiug 
di-propyl-resorcin (Kariof, B. 18,1079). Colour. 
less silky needles; may be sublimed. V. sol. 
alcohol and UOAc; si. sol. water. 



BROMO-RESORCIN. 


Di-iroino-moMia C,HjBrj(OH),. [93°]. 
Formed, together with ‘di-bromo-mono-reaor- 
oin phthaleSn,’ by fieating tetra-bromo-fluo- 
reaceta (eoain) with dilute NaOHAq at 140° 
(Baeyer, A. 183, 67; Hofmann, B. 8, 64). 
Formed alao by boiling di-bromo-(l,3,2).di-oxy- 
bonzoic acid with water (Zehentcr, M. 2, 478; 
8, 29.3). Needles (from water); in. sol. hot 
watgr, V. c. sol. alcohol and fther. I’OjCl, gives 
a transient violet colour. \ 

Di-methj/l ether C,H 2 Br.^(OMe)j. [l-fl®]. 
Slender needles. Insol. water, sol. alcohol 
and ether. Prep.ared by brAaiination of the 
dimethyl-ether of resorcin (Tiemann a. I’arri- 
sius, B. 13, 2:!ri.'>; e/. Honig, B. 11,1041). 

Di-bromo-reaorem ,()„lIjHrj(OII),. [112“]. 
From Br and resorcin in CS. (Zehentcr, M. 8, 
293). Colourless needles (containing aq) (from 
water); m. sol. hot water. Fe^Clj (#vea a blue 
colour followed by a dark pp. 

Tri-bromo-resorcin C„HBr 3 (OII).. [104°) 
(Typke, B. 10, 1678). From resorcin, Br, and 
water (Hl.asiwctz a. B.arth, A. 130, 307), or Br, 
and IIOAo (Bcncdikt, M. 4, 227). Formed also 
by heating ponta-bromo-rcsoroin with aldehyde 
or formic acid (Claassen, B. 11, 1439). Small 
needles ; si. sol. water, v. sol. alcohol. 

Mono-acetyl derivative 
C3llBr.,(0H)(0Ae). [114°]. From mono-acetyl- 
rcsorcin and Br (C.); sol. hot water. 

Di-acctyl derivative 03 HBr 3 (OAo). 3 . 
[108°]. From ponta-bromo-rcsoroin and Ao^O. 
Sol. hot water. 

Mono-methyl ether C3HBr3(01I)(OMo). 
[104°]. From mono-mcthjl-resorcin and Br. 
Slender white needles, sol. alcohol and ether, 
insol. water (Tiemann a. I’arrisius, B. 13, 23114). 

Tetra-bromo-resorcin C,iBr,(OII) 3 . [163°]. 
(C.); [167''] (B.). Formed by treating penta- 
bromo - resorcin with H.SO, (Claassen, B, 11, 
1440; Bcncdikt, M. 1, 306). ' Small needles 
(from alcohol). 

Di-acctyl derivaiivll CjBr,(OAc).j. 
[1C9°]; V. sol. hot water. 0 

Penta - bromo - resorcin C,Br,(OIl'(OBr) ? 
[114°]. Formed by addin',^ an afjm.'ous hiolution 
of resorcin to a cooled mixture of l^r and water 
(Stenhouso, A. lt»3, 181). Dimotric crystals, 
a:c- *0070:1. V. r1. soJ. water. AIcoliollc 
AgNO., pps. more than two-thirds of its Hr. At 
100'-’ it stilits up inlo^ bromine and tri-bromo- 
*resoquinonc C^m»r.,0;, (Liobormann a. Uiltlcr, 
i#. 5, lODO; A, ItiD, 250). .Converted into tri- 
bromo-resorcin by cone. JTI, li,.St SnCJ.^, warm 
alcohol, aldehyde, or formic acid (llenedikt, .V. 
1,351; Claassen, J^. IT, 1433). lioiling Ac.44 
pives di • acetyl - tri • • resorcin. Aniline 

forms tri-bromo-anilinc and^tri-bromo-resorcin; 
phenol acts similarly (Benodikt, Ji, 11, 2108). 
Boiling dilute KOH produces bromoform. 

Hexa-bromo-resorcin C,;Br,(OBr). 2 ? [130'’]. 
S.G. 3*183. Prepared by heating totra-broino- 
resorcinol with excess bromine. Monoclini<^ 
crystals: a:5:c«‘983:l:l*(>67;3-85''30'. Decom¬ 
posed by alcohol forming tctra-bromo-rcsorcin 
(Benedikt, Af. 1* 365). 

TBI-BKOMO-BESOaUINONE G^nBrA or 
OiJSjBrA* Formed by heating penta-bromo- 
resoroin at 160° (Liebcrmann a. Dittlcr, B. 6, 
1090). Orange needles; insol. water, v. sol. 
alcohol and other. At 230° it gives off Br 


leaving amorphon# 0 ,JEt,Br, 04 ' Eodueea by 
Bn ana HOI to tAra-bromo-tetora-oxy-diphenyl 
(Benedikt, M. 1, 830; B. 11, 2170). 

Dl. BSOUO - SESOECIir. PHTHABElN go- 

called 0,4H,BrAi«.COjH.O,H,.CO.C,HBriOH), 

Bi-bromo-di-oxy-bemoyl-benzoui acid- [220°], 
Formed, together with di-bromo-resoroin, by 
heating tetra-bromo-fluoresoom with diluto 
NaOHAq (ilaoyer, A. 183, 66). Plates, v. si. 
sol. water, r 

BBOMOlEtBTEKE v. ItKTSNB. 
BBOMO^ftlCINELAIDlC ACID 0„H„BrO,. 
From the dibromide of ricinelaidic acid and 
alcoholic KOH. Oil. AlcohoHo KOH forms an 
acid [71°] (Ulrich, .Z. 1867, 649). 

BIIOMO - EICINOLEIC ACID Oi.H^'ferO,. 
From rioineleic acid by successive treatment with 
Br and alcoholic KOH (Ulrich, Z. 1867, 646). 
Oil; converted by alooholio KOH into riein- 
Btcavolio acid Oi.HjjOj. 

Di-bromo-ricinoleic acid 0 „HjjBr, 403 . From 
ricinstoarolio acid and Br. Oil. 

BROMO-ROSANILINE v . Rosakiline. 
TETRA-BROMO-ROSOLIC ACID CjoH,,,Br,0,. 
From Br and rosolio acid in IIOAo (Oraobo a. 
Caro, A. 179,201). Lustrous green plates, iiisol. 
water. Its alkaline solutions are violet.—A"Ag,: 
dark violet pp. 

JSthyl ether A"F.t: [110°-115°], soluble 
in alcohol, ether, and benzene, insoluble in water 
(Ackermann, B. 17, 1627). 

BROMO-ROSOaUINONE 0,.H,Br,0, i.g. 
C,H,Br,-0 

I I (?). Red and steel-bine crystals. 

CJI,Br,-0 

Prepared by the oxidation of tctra-bromo-pheiiol- 
plithaloin (.5 pts.) dissolved in Il.^SO^ (250 pts.) 
with a mixture of UNO, (6 pts.) and H„SO. 
(60 pts.). 

Bromo-rosohydroquinone C,,II.Br,0., i.e. 
C.HJ4r„.OII 

I (?). Telra-bromo-di-oxy-diphenyl. 

C„M,Br2.0H 

[264°]. Sublimable. Prepared by the reduo- 
lion of the corresponding quiiiono (Baeyer a. 
Scliraubc, B. 11, 1301). 

EROMO-SAUCYLIC ACID t). Bbomo-o-oxx- 
BKN/.Oie Acin. 

BROMO-SAIICYLIC ALDEHYDE v. Bbomo- 
o-oxY-nr'.NZOic aluehyde. 

BROMO-STEARIC ACID C,JI;„BrO,,. [41°]. 
S.G. 1-0663. From stearic acid (7 pts.), 
bromine (4 pts.), and water at 135° (Ouderaans, 
J. pr. 89, 195). Crystalline mass, insol. water, 
V. sol. alcohol and ethc.-. The silver salt heated 
with water forms steai'idio acid C„H,,Oj. 

Di-bromo-stearic acid CuHjiBrJO^. From 
oleic acid and Br (Overbook, A. 140, 42). Oil. 
Alooholio KOH forma bromo-olcTo and stcarolio 
acids. Moist Ag,0 gives oxy-oleio acid C„H3,0, 
and di-oxy-stcqrio acid C,^W.|„0,|. 

Di-bromo-steMic acid C„H3|Bri0.4. [27°]. 
From claidic aoitr and Br. Itcduccd to elaidio 
aeiddjy sodium amalgam. 

Tri-bromo-stearic acid CigHjjBrjOj. From 
bromo-oleio acid and Br. Oil. 

Tetra-bromo-stearic acid OijHjjBrjOj. [70°] 
From stearolio acid and Br. Laminie (from 
alcohol). 

BROHO-STILBENE v. Bbomo-di FiiEinir 
ktiialebk. 



BROMO-SUOOINIO ACID. 


BBOMO-STEYCHNIKeV, Stryohniub. • 

W.BBOMO - STYBEIfE \ C,H,Br U. 
O 0 H 5 .OIi:CHBr. Bronio-pJbenyl-ethylene, Formed 
by boiling styrene dibromide with alcoholic 
EOH or by heating it with water at lt)0° (Glaser, 

A. 164,168; Radziszewski, B. 6 , 493). Heavy 
pungent oil; decomposed by distillation. Con¬ 
verted by heating with water intolohenyl-acctic 
aldehyde (Firlenmeyor, B, 14, 323)f 

a - Bromo. styrene 0,il .CJirfcTL. [7°]. 
(220^ i.V.). I 

Formation. —1. From styrene ml)romide and 
alcoholic KOAc at 100^ (Zincke, A. 216, 290),— 
2. By boiling a/9-di-bronio-phonyl-propionicaeid 
wiffi'water (13ari-'ch, J. pr. [2J 20, 179; Fillig 
a. Binder, A. 195, 141).—.9. From bronio-oxy- 
phenyl-propionic aeid an<l water at 200'^ (G.). 

Propurlies. — Oil, with pleasant odour of 
hyacinths. Jlay be distilled. Does not readily 
give up its Br. Converted into acetophenone by 
heating with water at 180'^ (Friodel a. Balsohn, 
BL [2] 32, 614). 

Di-bromo-styreno CsTlJ^r.. (254'^). From 
tri-t!.TO-bromo-/3-p}mnyJ-propionic acid and walfV 
at lOO'^ (Kinnieutt a. ralmor, Am. 5, 3Sl). oil. 

Tri-bromo-styreno CJI-.Br,. From tlio pre¬ 
ceding and Br. Oil (K. a. P.). 

BROMO-STYRENE DIBROMIDE i,’. Di-nnoMO- 
EriiYL-m:Nv.i:Ni!. 

BROMO - SUBERIC ACID C,II„Br(COJI)... 
[ 10 :r^}. Prepared, together witli di-bromo- 
suberic acid, by tlio action of bromine and 
phosphorus on suberii; acid. Crystallino 
powder. Sol. alcohol and ether. By alcoholic 
KOH it gives suborconic acid (Ganttner a. 
Hel!,B. 15,112). 

Di - bromo - suberic acid u*U,(,Biv{CO..H). 
[173°J. Formed by bromination of n-snbevio 
acid. Glistening needles. V. sol. alcohol, ether, 
and hot water, v. si. sol. benzene, chloroform, 
ligroin, and cold water. By luaitiiig with alco¬ 
holic KOll it gives di-etboxy-snberic acid to¬ 
gether with a small quantity of siibercolic acid 
OjH,(CO,.H).. {Hell a. Rompel, B. 18, 813). 

BROMO - SUCCINIC ACID CJI.BrO^ i.e. 
C50..TI.C£I,.CT[Br.CO,H. [160'=’]. S. 19-2 at 
16*5°. 

Formation.- ~1. By heating succinic add 
6 g.) with Br (2^- c.c.) and water (40 o.c.) at 120^ 
Kckul 6 , X. 117, 125; Caniis, A. 129, 6 ; Jloll, 

B. 14, 892).—2. From succinic acid (5g.), Br 
(2^ c.c.) aiid chloroform (5 c.c.) at 16()'-’ ({)rIow- 
sky, J. It. 9, 277).—3. From succinic ether aiul 
Br (Schachcrl, B. 14, 637).—4. By the action of 
HBr on fumaric, tarUu ic, malic, and racemic 
acids (Kckul 6 , A. 130, 21; Fittig, A. 188, 88 ; 
Ansc'uilz a. Bennert, B. 15, 613). .5. By de¬ 
composing its bromide with water (Volliard, 

A. 242,153). ^ 

Properties. —Hinall prisms, f. sol. water. Its 
silversaltrapidly decompose* Moist Ag.X)gives 
malic acid. Sodium-amalgam produces simeinio* 
acid. Boiling water slowly forms fumaric aci<l. 

Anhydride C^HaBrOa. [31®]. (137®) at 

11 mm. From the acid and AeOl at 100® (A. a. 

B. ). Decomposed by heat into HBr and lualcio 
anhydride. 

Methyl ether Me^A". (c. 134°) at 30mm. 

Ethyl ether Et^". (226®). Inflames the 
ikin. Gold aqueous or alcoholic NH, convert 

VoiN I, 


63S 

it into fumaramida. Aqueous NH, at 110® 
gives asparagine (K6mor a. Menoazsi, (?. 17,171). 

Bromide O.^HaBr(Ctoj,Br) 3 , Formed by 
adding Br (1100 g.) gradually to a mixture of 
succinic anhydride (300 g.) and amorphous P 
(36 g.) (Volhard, A. 242,151). 

i-Di-bromo-succinic acid 
COJI.OnBr.CiiBr.COJI. S. 2-04 at 100®. 

Furmatioji. ' By heating 8uccini(f acid 
(12 g.) with Br(Uc.c.) and water (12 c.c.) at 180® 
(Kekule, A. 117, 123; Suppl. 1, 131; Bourgoin, 
HI. [2J 19, 1181 -- 2. From fumaric acid and Br 
(K.; Bacyor, jJ. 18, 076). 

Properties. — Opa<iiic prisms, si. sol. cold 
water, v. sol. alcohol arul ether. 

Reactions .—1. Sodium amalgam reduces it 
to succinic acid.—2. Boiling water converts the 
sodium salt into hydro-sodic bromo-inalate, the 
Ba salt ftito hydro-bario bromo-inalcaio and 
barium racemate, tho silver salt into inactive 
tartaric acid, and tho acid itself into IlBr and 
bromo-malo'fo acid.—3. Water at 140® gives iso- 
bromo-malcic acid.—1. NTT., gives bromo-amido- 
siiccinic acid.—5. Reduction in acid solution 
gives fumaric acid (Os.sipoiT, Bl. [2J 34, 316),-— 
6. Heating with thio-urea gives fumaric acid 
(N'cncki a. Sieber, J. pr. [2J 25, 79). 

Salts. — (NII^), A". — Na, A'' iaq. —Ag.A". — 
Ca.V"2aq. 

Mono-methyl ether MoHA'': decomposes 
about 2l5 \- NaMeA"4a<i {Claus, R. 1.5, 1844). 

Mono-ethyl ether KtTIA" [275®].— 
KEt-A" l[aq. NaKtA" 2aq.—AgKtA" lAaq (C.). 

MeAhyl ether Mo^A". 162’]. Mono-sym¬ 
metrical cryrft.'.I... I’re))arod l)y the action of 
bromine on metliyl fumarate. 

Ethyl ether Et^^A". [58®]. (TI.; A.); [68®] 
(Lehrfcld, B. 14, 1820). Rhombic crystals. 
Prepare.d by the action of bromine on ethyl 
Tumarato. On heating to 170® it decomposes 
into bromo-::i'ilcic ether and HBr (Anschutz, 
J). 12, Aniline converts it into 

a.TI,/NPhH),(COaEt). [145®] (Lopatino, 0. R. 
105, 2o0). 

Methyl-ethyl ether MoEtA" [C3®j (0.). 

Chloride C,lIJ5r20;^Cl3 [63®J. From Br 
and succinyl chloride or fumaryl chloride 
(I'crkiii a.Duppa, G. J. 13. 102 ; K.). 

Amic acid COJI.C..TLBr.,.CO.NH 2 . Un- 
stable crystals (0.; M'chacl a. Wing, Am. 6, 

4ai)- 

.lu iZ .• (le f?) 

NHPb..?D OIIBr CHBr.CO.NHPh. From the 
anilide of fumaric acid and bromine (Anschutz 
a. Wirlz, ,4. 239, 138; Am. 9, 240). Whito 
powder, does not melt b' 'ow 300°. 

Phenyl-iinideY t^h:(G.Ad:0.2TT.2Br2. [169®]. 
From tlu! plum} 1 •imidc of mulei'c acid (maleanil) 
ill clilorofortn by adding Br (A. a. W.). 

Iso- (or alio )di-biomo-8uccinic acid 

^lIBr-C(OH). 

CO 2 U.CH 2 .CBr,CO or < >0 

\CT[Br -CO 

(c/. Anschutz, A. 239,181). [160"]. 

Formation. —1. From maleic acid and Br 
(Keknl6, A. Suppl. 2, 89).—2. Togotlier with its 
isomerido, by healing bromo-malcic anhydride 
witli HBr, or succinic acid with water and Brat 
140® (Franchimont, B. 6, 199; Bourgoin, B. 6, 
624).—3. From (5)-bromo-pyromucio acid, Br* 
and water (Hill a. Sanger, 4.232, 63). 
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Bisojto-suoonno aoid. 


By diiiolTing its aohydiide 
in irater (I’iotei, S. Ig, 1670). 

PnmertiMi—Large oiyBtalsj more soluble ia 
water man its isomeride. At 180“ it gives oO 
EBr, bromo-lomario acid being torined. 

Beaetions. —1. Boiling water converts the 
aoid and its Ba salt into bromo-malei'c acid, but 
the^g salt into racemic ac/d.—2. Moist AgjO 
gives pyruvic aoid (Beilstein'a. Wiegand, B. ).6, 
1499).—3. Sodium amahjam produces succinic 
acid. 

The Di-methyl ether ifi"Mo 2 and the 
Di-ethyl-ether A"Et 2 are oily liquids, insol. 
water (Pictet, B. IS, 1670). 

AnhydridU OjHjBjj.CjOj [32°]. Prepared 
by heating maleic anhydride with bromine at 
100° (Pictet, B. 13,1669). Colourless tables. Has 
a great affinity for water, with which it forms 
iso-dibromo-succinio aoid. On heating to 100° it 
evolves HBr forming bromo-raaleic anhydride. 

Tri-bromo-succinio aoid 

CO,H.CBrj.CHBr.CO.^. [137°]. From brorao- 
maleio or bromo-fumario acid and Br (Petri, A. 
196, 69). Deliquescent needles; boiling water 
converts it into di-bromo-aorylio acid. 

BBOMO-SULPHI-BEHZOIC ACID 
C,II,Br(SO.;H)(CO,H) [4;2or8:l]. [238°-215°]. 
From OjH,B>'(SOjC 1)C02H by treatment with 
alcohol and zinc-dust (C. Bottinger, A. 191,24).— 
BaA".—Batt^A", 2aq.—CaH,.A", 8aq. 

BEOMO-StlLPHl-BENZOIC ALDEHYDE 
C.H,Br(S0.2H)CHO. [131°]. One of the pro- 
duets got by reducing, by zinc-dust and alcohol, 
the mixture of chlorides got by acting on 
0,H,Br(S0,Na)(C02Ne) by FClj. It is formed 
from OjIIjBr(SOjCf)(COCl) present in the mix¬ 
ture. Sal t.—BaA'j 6aq. 

BBOMO-SULFHO-BENZOIC ACID 
0,H3Br(SO,H)(CO.iH) [2:3or6 :!]. From the 
corresponding bromo-tolueno su^honio acid by 
chromic mixture (Betschy, A. 169, 45).— 
KHA"iaq.—BaA"2aq.-PbA''5aq. 

Bromo-snlpho-benzelo acid 
C,H,Br{SOjH)(C0.2H) [1:3:6]. From w-bronio- 
benzoio acid and SOj (Hiibner a. Upraann, A. 
ra] 6, 295; Bocters van Lennen, 2. [2] 7, 67; 
Bottinger, B. 7, 1779). Delicate deliquescent 
needles. Potash-fusion converts it into s-di- 
oxy-benzoio acid. 

Salts.—NaHA". — Ag.A". — CaA" IJaq.— 
EaA" 21aq.—BaHA"jaq.—CuA". 

Bromo-snlpho-benzeio ac[d i 
0,H,Br(SOjH)(CO^) [4:2:1]. Fiom bromo- 
tolusne o-sulphonio acid by chromic mixture 
(Weiss, A. 169, 26).—KHA".—CaA".—BaA": 
V. sol. water. 

Imide C 3 H 3 Br<[|QQ'‘^NF. Bi omo-baizoic 

iUlphinide. [217°]. From (4,1, 2)- brorao- 
toluene sulphamido and KMnO,. Also from the 
aoid K salt by successive treatment with PCI, 
and NH, (Bemsen a. Bdyley, Am. 8,229). Long 
needles (from water); v. sol. alcohol and hot 
water, v. si. sol. HCIAq. Sublimes at 200°. Its 
taste is extremely sweet at first and then 
extremely bitter. —Ba(0,H,BrNS0,)2 7|aq.— 
Oa(C,H,BrNSO,),75aq. — AgO,H,BrNSO,. — 
OjH,(0^,BrNSO,): [199°]; formed by succes¬ 
sive treatment with PCI, and alcohol. 

Bromo-snlpho-benioso aoid 
0,H,Br(SO,H)(CO,H) [4:8:1]. Formed by oxi¬ 


dation of the ognesponding bromo-toloens 
snlphonie aoid (Hasselbarih, A, 169, IS).— 
KHA" aq.-BaA''iaq.-PbA" 2aq. 

Bromo-sulpho-beniole aoid 
0,H,Br(SO,H)(COjH) [4: 2 or 3 :1]. Probably 
identical with the preceding. From p-bromo- 
benzoio aoif and fuming H.,SO, heated for 8 
hours at 13“° (Bottinger, A. 191, 13). Matted 
needles, v. s-l. water. 

Salt s.—HaHA" 2aq.—Ag^A"3aq.—BaA"8aq. 
—BalLA". 4‘'q.—CuA" 3aq. PbA" 7aq. 

Chloride C,H,Br(SO.,Cl)CO.,H. [197°] (with 
decomposition). Needles (from ether). M. sol. 
cold ether, which separates it from anether 
chloride. ' 

Acid ether C,tt,Br(SO,Et)(C02H). [84°]. 
From the chloride and alcohol. 

Amic acid C,II,Br(S 0 jNH 2 )C 03 H. [230°]. 
—BaA j 12aq. 

Amic acid C„H,Br(SO,II)CONIl 3 . [262°]. 
Amic ether C,H 3 Br(SO,Et){CONIl 2 ) [128°]. 
Bromo-di-sulpho-benzoio acid 
C,,H:Br(Sl),II) 3 COjH. From p-bromo-toluene 
disuiphonio aoid and 'boiling fuming HNO, 
(Kornatzki, A. 221, 196). — K,A"'aq.— 

Ba,A"'2l2aq. 

Chloride. [161°]. Trimetrio tables from 
ether). 

Amide, [above 260°]. Small prisms in stars. 
BEOMO - SULPHO - PHENYL - FBOPIONIO 
ACID C„H.,BrSO, i.e. 

[4:3:1] C,Il 3 Br(SO,II).CII,,.Cn 2 .COjII. Prepared 
by the notion of fuming sulphuric aoid on p- 
brorao-phenyl-propionic acid (Goring, 0. 0. 
1877, 793, 808). Non-doliquescont rhombio 
plates (contaimng 2]aq). a:6:c = l'3013:l:0'7831. 

Salts. — NalTA.°3aq. — BaA"2aq.—• 
II.,BaA"j 8aq; tricliiiio crystals: ft:6:c=> 
0-4941:1:0-5046 ; a = 68° 36'; 8 = 98° 22'; 

7 = 83° 38'. — CaA" 3aq. — CaH^A", 8aq: 
monqcliiiio crystals: a:6:c = 0-7062:l':0-9774; 

8 = 86° 46'. 

DI-BEOMO-SDLPHO-PYBOMDCIC ACID 


CBr = C-CO,H 

I >0 . Di-bromo-suh>!m-furfurane- 

CBr=0—SO,H 

carboxylic acid. Formed by sulphonation of 
di-bromo-pyromucio aoid [192°] with fuming 
H.BO,. By the action of bromine upon its 
barium salt, di.bromo-maleio acid is formed. 
By zinc-dust and aqueous NH, it is de- 
brominnted, yielding sulpho-pyroraucio aoid. 
A"Ba 6aq: easily soluble long fine needles (Hill 
a. Palmer, B. 18, 2096). 


BEOMO-SULPHYDEO-BENZOIC ACID 
C,H,Br(SH)CO..H(?) [256°] (U.); [243°] (L.). 
P'rom the chloride of sulphonatod m-bromo- 
benzoic acid by tin and HCl (Upmann, 2. 
1870, 295; Yan.Lcnnen, B..1871, 67). Needles, 
insol. water. Beduced by sodium-amalgam to 
C„H,(SH)C 02 H. iodine converts its Na salt 
into sn aoid [130°]. 

Salts.—ZnA',.—PbA',.—BaA'r 
Bromo-sulphydro-benzoio acid 
0,H,Br(SE)C0,H. [194°]. From the chloride 
of (1, 3, 6)-brorao-sulpho-benzoio aoid by tin 
and HCl (Froriohs, B. 7, 795). Larain*.— 
PbA', 3aq. 


BBOMO-TEBEFHTHALIO AOID 


C.H,Br(CO,H), [2;1;4]. [306° oor.], Needles 




DI-i*«jM0-THI0HIENE-S0LPH01«0 ACID. 


62 ? 


3 a sublimate ' an 

sedlos.—AgjA nq. 
).—A"Oa: lig t bl 


anhydrulcj 

White 
blue jip. 
cor.). 

’] : insolu- 


MnUuning aq (Fis.) or auhjdroas (Fil.l. Pre¬ 
pared by oxidation ol bromo-toluio acid with 
KMnO| (Fisohli, B. 12, 619), by oxidation ol 
bromo-oymene (Fileti, 6 . 16, 286), or of p- 
phenyl-tolaene [129°] (Carnolloy a. Thomson, 
0.11.61,88). It gives 
[246°]. 

Salts.—KjA": needles, 
insoluble flocoulent pp 

Chloride 0„Hjlir(C0Cl)j. 

Amide C,H,Br(CONn,).,. [2'«°: 

TIAAlllpfl 

Methyl ether CaH 3 Br(CO.OEt) 2 . [42^^] 
(Fi^; [62°] (Fil.). (above 300°), Needles. 

Di-bromo-terephthalic acid C«HJlr. 3 (C 0 . 3 lI )3 
[6:3:4:!]. Formed by oxidation of di-bromo-j;- 
toluio acid [105°J with KMn 04 (Schultz, B. 18, 
1762) or of di-bromo-cymeno with dilute IINO 3 
^lau 8 a. Wimmel, B. 13, 902). Laminae (from 
HOAc); does not melt below 320°. 

Salts. — A''Ca laq: easily soluble micro* 
Bcopio needles. — A"Ba‘2nq and A"Ba5aq: 
microscopic needles. 

Bthyl ether A"flt.. [121°]. (c. 335°). 

Pearly plates. 

o-l)i*broino-terophthaUc acid. 

I£exa-h7jdride C,II,Br,{CO,H )3 [2:3:1;!]. 
Di-o-bromo • hexa • hydro - benzene - di-j) - car¬ 
boxylic acid. Formed by direct combination of 
tetra-hydro-terephtlialic acid with Brin the cohl. 
Granular crystals (containing a<i). Nearly insol. 
cold water, sparingly in hot. By Ag.p it is con¬ 
verted into an acid (probably 0.;H,,(OH).(CO Ji).) 
which by treatment with bromine yields tetra- 
bromo-pyrocatechin (Baoyer, B. 19,180H). 

»I - BROMO - TETRABECAN F, C, 
Tetradecylcne bromide. [0°]. Colourless liquid. 
Fonned by addition of Br to tetradecylcno 
(Krafft, B. 17, 1372). 

O^Br^S 

HEXA-BROMO-DITHlfiNYL | . ^255° 

C^Br-^S 

unoor.]. Formed by heating an acetic acid 
solution of dithibnyl with an excess of bromine 
(Nahnsen, B. 17, 2198). Small needles. V. sol. 
hot benzene, v. al. aol. cold benzene and hot 
alcohol. 

a'RI-«-BROMO-DI-THl£NYh.ETHANE 

CBrsX)II(C 4 lI;,S).j. [102°]. Obtained by adding 
HjSO^ to a mixture of Ihiophone and bromal 
dissolved in acetic acid. Small x^yramicls. V. 
sol. ether, CS.^, and hot alcohol. Witli isaiin 
and HjSO, it gives a violet-red colour (Peter, Jk 
17,1344). 

DI.«-BR0M0-DI-THlfiNYL-ETHYLENE 
CBrj:C(C 4 H,S) 2 . Formed by boiling tri-bromo- 
di thlSnyl-ethane with alcoliolio KOII, or better 
KCN (Peter, B. 17t 1311). Colourlesa oil. 
Volatile with steam. Gives a violet-red colour 
with isatin and H^ 04 . * 

BB0M0-THl£KYL METHYL KETONE 
C 4 SHjBr.CO.CH,. Bromo-acetothiSnone. 5f4°J. 
Formed' by the action of acetyl chloride upon 
mono- or di-bromo-thiophene in presence of 
AljOlg. Stout colourless needles. Sol. hot 
alcohol, less in cold. Very volatile with steam. 
By alkaline EMn 04 it is oxidised to bromo-thio- 
phene-carboxylio acid [140°]. 

Phenyl hydraside 

C 4 SHir.C(N,HPh).OH,: [ 122 °]; tables; si. 
^ alcohol (Gattermaun at HOmer, B. 19j 689}. 


BROUO-TEIO-CRESOL v. BBoico-TOtiL ubi> 

OIPXAN. ^ 

DI-BROMO-THIOHYDANTOlNOsHjONjSBr,. 
Formed by the action of bromine on a solution 
of thiohydantoin in aqueous llCl (Mulder, B, 
8 , 1203; Kramps, B. 13, 7H0). Cnlourloss crys¬ 
tals. Insol. cold water, sol. alcohol ailtl ether. 
Bocomposod by he < water. • 

•BROMO-THIO-OXY-BENZOIC ACID v. 
BuOMO-SULPIITDno-nF.NZOTO ACID. 

(a). BROMO ■ THIOPHENE G.SH.Br. * 
Bromo-thiopheiie. (150 '). S.G. 1-652. Col¬ 
ourless liquid. Fonned by bromination of thio¬ 
phene (Moyer, B. 10, 1472). Inolatcd from the 
crude di-bromo-thiopheno obtained by fractional 
bromination of benzene that contains thiophene. 
By FtBr and Na it is converted into ‘J3’-ethyl- 
thiophene fSohloicher, B. 18, 3015). 

Di-bromo-thiopheno CiSH.Br.. (211° cor.). 
S.G. •*§ 2’147. Colourless oil. Formed by 
dropping bromine into thiophene cooled with 
water. Prepared by fractional brojnination of 
benzene tliat contains thioplioiio. With isatiii 
and II.SO, it gives a dcop-blno colour (Moyer, B. 
1(), 14Fj 9; Meyer a. Stadicr, 18, J 188). 

Tri-bromo-thiopheno C,S1 nil';,. [29°j. (260° 
cor.). Fonned by furllu-r broniiiialion of di- 
broinothiopheiic. Long whip* glistening crystals. 
V. sol. liot alcohol and etlier, si. sol. cold alcohol, 
(lives the indophenino reaction. By sulphona- 
tion and debromination it yields (hiophono-(3)- 
snlpljonic acid (Itosenberg, B. 18, 1773). 

Tetra-bromo-thiophene C,SBr,. [112°]. (326° 
cor.). Ijong white noodles. Formed by further 
broininalion of di-bromo-thiopheuc (Meyer a. 
Kreis, B. 10, 2172). 

BROMO-THIOPHENE-CARBOXYLIC ACID 
C,SlLBr(OOJT). [110°J. Formed by oxidation 
of l>romo-lhii'»'.v’l methyl ketone with alkaline 
KMn 04 . Colour’-^ss glistening needles (from 
water). Sublimes in pearly spikes. sol. hot 
water, '.early insol. cold water ((.Jaltevmann a. 

] Homer, B. 19, 090). 

Di-bromo-thiophonc-(a)-carboxylic acid 
C^SrtllivCO.H. Di - bromo - thinphrmc acid. 
[222"]. Obtained by broininatiuu of (a)-thio- 
phone-carboxylic acid {q.v.). WJiito monoclinio 
needlos. Sublimes on h ating. V. .sol. alcohol 
and other, si. sol. hot water, in.sol. cold water. 
Sparingly ''olaUIo with steam. Isatin and ILSO* 
yield a litfv-green adonration quickly becoming 
brown. A solution of the ammonium salt gives 
white pps. with AgNOj,, Pb(OAc);;, llgNOa, 
SnCI^; yellow pp. with Fo.CI^; and greenish- ‘ 
white pp. with CUSO 4 . 

Salts.— A'A;.;: wliite curdy pp. becoming 
crystalline. — A'K : easily soluble crystals.— 
A'Jla 3iaq : white nccMlles, v. sol. hot water, si. 
sol. cold. 

Chloride C 4 SIITl%.COCl : (250°-270°); 

|*fiilky needles. 

' A m idc C 4 SHB 1 ,.CONIT,: [107°]; fino white 
felted needles; v. sol. alcohol and ether, spar¬ 
ingly in hot water. 

Methyl ether C 4 SHBr,.CO,M 0 : [80°!} 
white needles (Peter, B. 18, 543; Bonz, B, 18, 
2308). 

DI-BROMO-THIOPHENE-SULPHONIC ACID 
C 4 HBr,S.S 03 H. Formed by aulphonating di- 
bromo-thiopheae. B/ sodium-amalgam it ii 





DI-BROMO-THIOPHENE-SULPauHlU J»ID. 


reduced to thiophene-‘/3’.gulphonio aoid<— 
PbA'j 6^aq : small crrstals, sol. hot water. 

Chloride C.HBtjS.SOsCl: [33°]. 

Amide C,HBrjS.SO.,NH, : [147°]! felted 
needles; sparingly soluble in water (Langor, B, 
17,1666; 18, 653; Rosenberg, B. 18, 3030). 

Bi-bromo-thiophene-dl-sulphonio acid 
C,SiJ.rj([sOjH).;. Obtained b* boiling the anhy¬ 
dride with alkalis. It vor;^ readily splits o£E 
HjO with conversion into the anhydride. ' 

Salts. — Na2A''3ii(] : very soluble silky 
needles.—(Nil,)jA"aii.—l>b.V';jplatcs, sol. hot 
water.—^aA" aq : sparingly soluble white glis¬ 
tening spikes. 

Anhydride : white glip 

toning pliitos, v. Bot. nlcohol and bonzono, insol. 
and^lipoin. Obtained by tlic action of 


[172°]. Formed by bromination 


fuming sulphuric acid (4 vols.) oR di-bromo 
thiophene (1 vol.). 

_ Chloride C,STlr,(SO.Cl),: [220°]; glisten¬ 
ing white needles; sol. ether. 

Amide 0,Si3r.(HO.NH-),: [o. 270°]; crysUI- 
lino powder; nearly insol. water (Ranger, B. 17, 
1560 ; 18, Bhl ; lio.senbcrg, B. 18, .SOOO). 

Tri-bromo- thiophene-sulphonie acid 
C,,Slir.,(,SO;,TT). Formed together with the anhy¬ 
dride by sulidionation of tri-bronio-thioplieno 
(20 ].—RaA'-aq : sparingly soluble white warty 
crystals. 

Anhydride (C,.Slir,,,SO„)„0 : [116°]; vola¬ 
tile with steam; wliite solid; v. sol. alcohol and 
ether, v. si. sol. water. 

Chloride C,KJ!r,,(SO.,Cl): [126°]; needles. 
A.mide C^Sliry(SO.Nil..)r; needles (from 
water) (Rosenberg, B. 18,1774, 3028). 

DI-BROMO-THIOPHENIC ACID u. Di-nnoiro- 

TIIIOPKKNE-CARBOXYLTC ACTT). 

BROMO-THIO-PHENOL v. BuoMO-riiRNYL 

MKHCAPTAN. » 

TETRA.BROMO-THIOPHTHSNE C. S..Br. i <?. 
.Cl3i:CBr 
8< I 

>C = C . 

s< I 

'ORriCBr 

of thiophtlieno. Long wliito needles (from 
benzene). V. sol. hot benzene, si. sol. alcohol 
(Biedorniann a. .Tacob.sen, B. 10, 2117). 

BBOMO - THIOTOLEUE v. BnoMo-METiiTL- 
wmopirENB. 

BROMO-THIOXENE t;., Biiorro-rg-METitrL- 

IHIOPJIFNI!. *. 

j»-BBOMO-THYMOHYDEOaUINONE 
- C„llMerrBr(OII)., fl:4;6;3:6]. [53°). Formed hy 
the action of cone. lILr upon lliymoquinono at a 
lowtempcratnre. Colour',essncodles (.Schniter,«. 
20, 1318). Formed aiso hjl reduction of the 
corresponding quinono with SO. (Mazzara a. 
Liscalzo, O. 16, 105). Changes spontaneously 
to a substance molting nt 37° (M. a. D.). 

Di-acelyl dcrirklive C,lIMel>rBr(OAc).j., 
[91°]. From thymoquinono and AoBr (Schulz. 
B. 15, 657). 

Di-bromo-thymo-hydroquinone 
Bi-acetyl derivative C„McPrnr,j(OAc)j. 
[122°J. From di-acetyl bromo-thymo-hydro- 
quinone and Br (S.). 

BROMO-THYMOLS and their ethyl derivatives 
appear to have been obtained by Patemo a. 
Cgnzoneri, G, 10, 238, Armstrong a. Thorpe, 


A^Ohl^ig^J 

BEOMO-THYMOl SBIPHOHIC ACTD 

0„H„BrSO, i.e. 0,HMePrBr(OH)(SO.H). From 
potassium thymol (a)-sti]phonio acid and Br.— 
mi (E“gelhardt a. Latschinofl, Z. 

w-BEoiilp-THYltOaillirONE C„HMePrBrO. 
[1:4:5:3:6]. | -8°) (M. a. D.); [45°] (S.). Formed 
by oxidatioi .of the corresponding bromo-thymo. 
hydroquinoi p with Fe,Cl,. Glistening yellow 
plates (Sohft'itcr, B. 20, 1318). From bromo- 
amido-thymol and nitrous acid (Mazzara a. 
Liscalzo, G. 16, 195). A crystallino bromo- 
Uiymoquinone was got by Corstanjon (J. pf. [2] 
3, 55) in broininating thymoquinone. Andresen 
(.1. pr. [2] 23, 184) obtained a liquid isomcride 
by broininating thymoquinone ohloro-imide. 

Di-bromo-thymo-qninone C„Br..McPrOj. 
[p°]. The ethereal extract from the product 
of the action of HBr on thymo-quinono-chloro- 
imido (q. v.) is evaporated and the residue dis¬ 
tilled with steam (Andresen, J.pr. [2J 23, 184). 
From thymoquinone a,nd Br (C.). Lemon- 
yellow plates (by adding wator to the alooholie 
solution). 

o-BROMO-TOLUENE C,lI,Br i.e. O.H,McBr 
(1®^°)- S-Ci-- 1-2031. S.V. 141-95 
(Schiff, B. 19, 561). 

I’ormation. — 1. Together with p - bromo- 
toluene, by brominating cold toluene, in the 
dark, in daylight, or witli addition of iodina 
(Ililbner a. Wallach, Z. [2] 5, 22, 138, 499 ; A. 
154,293; Dmochowsky, B. 5, 333; KeknU, A. 
337, 192; Bcilstoin, A. 143, ,369; Cannizzaro, A, 
141,198; Glinzer a. Fittig, A. 133,47; 136, 301; 
I'lllig, A. 145, 39 ; llosenstiehl a. Nikiforoff, Z. 
[2] 5, 635 ; Iliibnor a. Hetsohy, Z. [2] 7, 618; 
Lanth a. Grim.anx, Bl. 1866, i, 347; 1867, i, 108; 
Kiirner, O. 4 ; Iliibner a. .iannasch, A. 170,117; 
Longninine, B. 4, 614; Reyman, Bl. [2] 26, 633 ’ 
Sehmmin, B. 18. 607).—2. From o-toluidine by 
tile dinzo- reaction (Wroblewsky, A. 168,171 • 
.lack-son. Am. 1, 93).—3. Together with naph- 
tlialene, by the action of (a)-bromo-nnphthalene 
on toluene in presence of AljCl, (Roux, Bl. [2] 
45,520). ■' 

Properties. —Oil. 

Beactions.—l. Converted by dilute HNO, 
into o-bron)o-benzoioaoid(Zinoko,B. 7 , 1502 ).-. 

2. Sodium has no action nt 15°.—3. Sodium 
and Mel form o-xylene.—4. Tho copper-zinc 
couple has no action (Gladstone a. Tribe. C. J 
47, 448). 

»«-Bromo-toluene C.lI.McBr [1:31. (184°) 
S.G. u 1-401 (W.). L J t or;- 

Formation —1. From C„H 3 MoBr(Nnj) [1:3:4] 
by tlie diazo- reaction (Wroblewsky, Z. [2] 7. 
009; A. 168, 155; Greto, A. 177, 231).—2. 
broin tho sam^ bromo-p-toluidine by successive 
conversion into C„H 2 (NO.,)MeBr(NH,) [6:1:3;41, 
C.II,(NO.,)MoBr [*,hl;3J, 0„H,(NH,)Mo (5:1], and 
CJlt.BrMo [6:1] (Wroblewsky, A. 192, 200). 

Propcrfics.—Liquid, even at -20°. Oxidised 
by chromic mixture to m-bromo-benzoio aoii 

p-Bromo-tolnene C.H.MeBr [1:4], [28-6°l. 
(185° i. V.) (Hubner a. Post, A. 169, 6). S.G. 

V 1-411 (Kekul5, A. 137,192). 

Formation. —Together with o-bromo-tolueno 
(q. i.) by brominating toluene. 

Properties. —Trimetrio oryitali. 



-fpslWIdO-TOLUENE 

tisaeiioni, —X. OrOg xoms |>>bromo>be£izoio 
acid.—9. Sodium even 8| 15° forms ditoljl 
(ZiQok«, B. 4 , 396; I^uguinine, B* 4 » 514).— 
8. Sodium and Mel gives ^j-xyleno.-^. The 
copper-zinc couple has no action (G. a. T.).— 
5. Tahen internally, it is excreted as ^-broino* 
benzoic and jp-bromo-hippuric aci|s (Prcusse, H. 
5. 63).-6. CrO,CL forms C,H,BrtH{O.CrOCl)., 
(Etaid, A. Ch, [5] 22, 241). J 

w-Bromo-toiuene v. Bkszyl nnljiiDE. 

Di-bromo-toluene C^HaMoBrj f[l:2:3]. [28°J. 
From Oan^(CH3)(NIIJ13r2 [SO'^] 4by displacing 
NHj by H (Nevilo a. Winther, C. J. 37, 431). 
Gives on oxidation with IINOj di-bromo-beiizoic 
acW [146°-148°]., On nitration it gives a luono- 
nitro* dorivtttivo [57°] which reduces to an 
amido* compound [53°]. 

Di-bromo-tolucne C„H;,MeBr2 [1:2:4]. From 
di-bromo-W'toluidino [75°] by eliminating NH.^. 
Also from CaH3(CHJ(NIIJBr [l:2:4j by diazo- 
pcrbroniidc reaction. Oil. On nitration gives 
di-bromo-nilro-tolueno [80°]. On oxidation witli 
UNO, gives di-bromo-benzoic acid [109°]. 

Di-bromo-tolueno QJI.,MeBr2 [1:2:5J. (23G^). 
S.G. 1*813, Formed by broininatiiig tulueno 
(Wroblcwsky, Z. [2J 6, 239). From ncotyl-o- 
toluidino by broniinating, saponifying, and dis¬ 
placing NH^ by Br by tho diuzo- reaction {N. a. 
W.). Also from acctyl-«i-toiuidino in the same 
way. Thus CJl3(CIl3)(Nn..)Br [1:2:5] and 
C«H.,(Cn3)Br(Nn,) [1:2:5] give tho same 
CaHaiClFJBr^. Oil. On nitration it gives a 
nitro- compound [88°J, which reduces to an 
amido- compound [85°]. Oxidised by diluto 
IINOj, it gives di-bromo-bcnzoic acid [149°- 
153°]; tills distilled with lime gives a solid, 
[8G°], probably ^-di-bronio-benz-,;ic. 

Di-bromo-toluene CoH-iMoBr.^ [1:2:G]. (21G°). 
S.O. 2a 1*812. From di-bromo-?n-toluidino [35'-^] 
(\Vr.; N. a. W.) or from di-bromo-ji-toluidino 
[88°] by diazo- reaction. Oil. On nitration it 
gives two nitro- compounds, [1G1°J, and ['*. 8()°J. 
On oxidation it gives di-bromo-benzolc acid 
[150°-1G7°J. 

Di-bromo-tolucne CrtII.,MeBr2 [1:3:4]. (241°). 
S.O. -2 1*812. Formed in brominating toluene 
containing iodine in sunlight (.Tannascli, A. 17G, 
28G). Also from bronio-p-toluidine by the diazo- 
perbromido reaction (N. a. W. *, Wr.). Oil. Gives 
a nitro- derivative, [87°], reducing to an aniido- 
derivative [98°J. By oxidation with CrO^ it gives 
di-bromo-benzoic acid [233°]. 

Di-bromo-toluene CJI,MeBr2 [1:3:5]. [39°]. 
(246°). From CeH3(CII,)(NH..)Br2 [73°] and 4ts 
isomeride [4G°] (N. a. W.; Wr.). With UNO, it 
gives two di-nitro-compounds, [158°J and [105°J. 
On oxidation with CrO« it gives di-bromo-benzoic 
acid [208°-210 ']. 

Di-bromo-toluene Can.,MeBr2. [108°]. Tlie 
existence of this body, said to be formed in bro- 
minating toluene (Fittig, A, 14^, 39), is called in 
question by Nevilo and WintAer. ^ 

Other Di-bromo-tolneaes are dcsciil>pd as 

BXNZYLinXNB BUOUIDB and BiCOUO-DKNZYL DUO- 

urns. 

Tri-bromo-tolneneCJl2MeBri[l:2:3:4]. [14°]. ; 
From CeH(CHa)(NH2)Brj„ [97°], by nitrous gas ! 
(Nevile a. Winther, 0. 37, 447). On nitration 

it gives a nitro- compound [107°]. 

Tri-bromo-tolnene CgH^McBrj [1:2:3:6]. [53°]. 
From di-bromo-o-toluidine [4G^] by diazo- 
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porbromide reaction (N. a. W.). Long flat 
needles. 

Tri-bromo-toluene C,AM«Br, [1;2:5:6]. [69°]. 
From [1;3:2:5:C] C„H(Cil,)(NH2)Br, [94°] by 
nitrous gas. On nitration it gives a nitro- com¬ 
pound [91°]. 

Tri-bromo-toluene 0,.UAroBr2 [1:2:^*6]. [66°]. 
(290°). From tr -bromo-?«-tolui(line [1^1°] by 
nitrous gas (N.'a. W.; W»-oblewriky, J. 168, 
194). On nitration it guves a di-nitro- compound 
[c. 220°]. 

Tri-bromo .'olueno C,JT.,Mo.Mr,, [1:3:1:5]. [89°]. 
From di-bromo-7)-toIuiJIiio by diu/.o-perbromido 
reaction (N. a. W.). 

Tri-bromo-toluene C.IIJfelh;, [I ;;t;l:G].[112°]. 
From di-bromo-m-loluidint^ i?’/'] and from di- 
bromo-loluidino [S5°j by dia/.o porbromide re¬ 
action (N#a. W.). 

Tri-bromo-toluene? [150^]. Formed by heat¬ 
ing potassium tri-bromo-phciKd with KOAo 
(Ffaiikucli, J.pr. [2J G, 103). 

Teti’a-bromO'tolucno [1:2:3:4:CJ. 

[105°-108°J. From tcdia i<romo-7/i-toluidin0 
[224°] by alcoliol and nitrous gas. Also from 
tri-bromo-7n-loluidiue [100° | I»y dlazo-porbro- 
mido reaction (Nevilo a. Winflier, G. 37, 
449). Fuming IINO^ forni.i llio nilio- couii>ouiid 
[21G°]. 

Tetra-bromo-tolueno CJI MeBr, [1:3:4:5:CJ. 
[111°]. From tri-l)r(>nio-7u-tohildliie [0G°], by 
diazo-pcrbroniido reaction (N. a. W.). Its nitro¬ 
compound molts at |2L2°J. 

Tetra-bromo-tolueno C.,lIMel)r, [1:2:3:5:C], 
fll7°J. From t,i-bronio-7//-t(diiiclinc [94°] by 
diazo-pcrljvomide reaction. Its nitro- derivative 
melts at [213''1. 

Penta-bromo-ioluene [285°!. From 

tetra-broino-7a-toluidiiio l)y diii/o-poi oromidc 
r»!actioii (No lie a. Wintlicr, O. «/. 37, 450). 
From tolu' lu- ALBr^, and Br at 0° (Gustavson, 
Bl. [2] 28 , 317 , jL>. 10, 971). Long needles 
(iron:, benztuio). 

ohROMO-TOLUENE SULPHONIC ACID 

Cll^lhSO^f-c. Cjr,McBr{Ha,H) [1;2:.5?]. From 
o-bromo-tolueno by snlplioiuitioii (Hiibiier a. 
Post, A. 1G9, 31; c/. Uinocliowsky, 5,333)* 
Also from bromhiated (1, J, 3)-/7-toluidine sul- 
]ilionic acid by (lisfilaceuKuit of Nll2 by H 
(l*eolmiann, A. 173, 212;. Kedueod by sodium- 
amalgam to toluene 7;i-su1])lio]uo acid. • 

Salts.KA' '.aq.—NuA .^aq.—Ba.Vj2aq.— 
BaA'a ^.fa S. ((/f BaA'g) *35 at 14°.—BbA',. 2aq. 
S. (of FbA'4 *52 at 18°. -PbA'.. 3a.j. 

Chloride C,U,‘NfoBr(SO,.Cl). (53°1, 

AmicU [191°]. 

o-Bromo-toluene E.tlphonic acid 
CJI;,Mel»r(S03ll) ! 1:2:5]. From o-toluidine by 
sulpiioiiating anu disjilacing NIL by Br (Pagel, 
A. 170, 294; Nevile a. Wintlier, B. 13,1943; 
cf. Gorver, A. ICd, 384). Beduecd by sodium- 
amalgam to toluene 7ii%ulphonic acid. 

Salts.—KA'aq.—CaA'jaq.- BaA'2 4aq. S* 
l‘2at25°(P.).~BaA',.2hvq.—BuA'29aq" S. 
at 17*5° (G.).- PbA'.,2aq'.—CuA'..3uq. 

Chloride [53°] (P.); [5G°] (N. a. W.). 

Amide [c. 135°] (P.); [147°] (N. a. W.)* 
This acid is probably identical with the precedingr 

o-Bromo-toluene sulphonic acid 
CJI:,MeBr{S03H) [1:2:4J, From o-toluidine ^ 
sulphonic acid by the diazo- reaction (Hayducitr 
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il.l73,20d).—-EA': nodulo8olminutaiie«dlei).— 
BaA'jSaq.—PbA', 2Jaii. 

Chloride O.H,MeBr(SO,On. [64°]. 

Amide OAMeMfSO^NEJ. [161°]. 

BromO'tolnene suipnonio acid 
O.HjMeBrSOjH [1:3:5]. From bromo-o-toluidino 
Bulphonio acid or from bromo-^-toIuidino sul- 
phonio acid by dispfeccmont of NH^ by H. 
Fotash-tusion gives oioiii (Novile a. Wiuther, B, 
13, f;M l; 0./. 41,420). ' 

Chloride 0,H3MoBr.SO.,CI. [52°]. 

O.H3MoBr.SO,NlI,. [130°]. 

tn-Bromo-tolueno sulpllouic ^cid 
0„HjMeBr(S03ll). I’oniieil by Siil23lionatmg m- 
bromo-toUien« (Grcte, B. 7, 7*J5; 8, »05; A. 
177, 233).“ a<i.—SrA'o aq.—CaA'._j 2aq.— 

MgA'j Gaq.—CuA'.j 4aq.—BbA/jj 3uq. According 

to Wroblewsky (A. 108, ICO; i?. [2] 7, G) tliroo 
bromo-toluene 8ul2)honic acids arc formed by 
sulphonating ?/t-bromo-toluene, tlA> Ba salts 
being BaA'^aq. S. *528, liaA'^Oaq. S. 1*152, 
and BaA'.^ 2’'aq. S. 5*248 at 11)^; Grelo, how¬ 
ever, could only obtain the acid just described. 

Bromo-toluene o-sal])homo acid 
C,-H3McBr(SOaH}. From (1, 4, 2)-toIuiiline sul- 
piionic acid by bronilnation and elimination of 
NU, (Wockwarth, A. 172, 190).—NaA ,],aq.-- 
KA'aq.—13a.\';,2iaq.—SrA'22aaq.—I‘bA'i.3.iaq.— 
CuA'.^ Jaq. 

Chloride CJlaMcBr^SO^Cl): crystallijie at 
-20^ 

Amide C„njMel3r(SO^Niy; [o. 104“]; 

needles. 

Bromo-toluene sulpbonic acid 
OaH^MeBriSOall). Fiwn tohicno by sulphona- 
tion, nitration, reduction, aAd disi^laceniont of 
NH., by Br (^Veckwartll, A. 172, 193 ; Hayduck, 
A. 177, 57).—BcaA'.aq. 

Chloride. Oil, slowly solidifying. 

Amide. Docs not molt below 230A 

2>-Bromo-toluene m-sulphonir acid 
C,iHaMeBr(SO;,T.l) (,1:4:31. [c. Ills'll. From p~ 
toluidino m-su)phonic acid exchange of NIT.^ 
for .Br. I'’onijed also in sulplioiiating j^-bromo- 
tolueno (E. Kichtcr, A. 230, 319; rost a. 
Ketschy, A. 109, 7 ; v. Beehmann, A. 173, 208 ; 
Novile a. ‘Winthcr, C. J. 37, 031). Laminte 
(containing aq).--- J’)aA'.,.7aq.— SrA'^7aq.— 
PbA'.. 3aq. 

Chloride C.H,i\r(!nr(SO.,Cl). [01°]. 

Amide 0,^11..McBr{S(),Nrr,). [152']. 

• p-Bromo-tolueue sulplionic acid 
CHH3MeBr(80aU) [1:4:2|. 'JL’lio chief product of 
the suliihoiiation of jj-brom'o-toliK no (Hiihner, 
A. 109,0; Z. j2| 7,018). Formed also from 
p-toluidino o-sulplionio acid by exchange of Nil,, 
for Br (Jonssen, A*. 172, 237). itoduced by 
aodiuin-amab'am to toltrcnc o-sulphonic acid.— 
NaA'jaq.—OaA',_.4aq.’-BaA'4aq. S. *53 at 8°.— 
SrA'2aq.— l‘b.V'„ 3:ui.—CuA'..7aq. 

Chloride C,H.,Mel3r(Sa.Cl). [35'’]. 

Amide CJl,McBr(S02Nli2). [107°]. 

p-Bromo-toluene ejR -sulphonio acid 
C^jH^Br.CH^SOall [1:4J. p-Bromo-henzyl siit- 
phonic acid. From p-bromo-benzyl bromide 
and (Jackson a. JIartshoru, Am. 5, 204). 

Also from CJI^(NH2)-Cn.2SOHH by diazo- reac¬ 
tion (Mohr, A. 221, 222).—KA'. S. 6*2 at 18°. 
-CaA'2.-BaA'2liaq.—BaA'..aq. S. (of BaA^ 
67 at 18°.—PbA'j. S. 2 at 18°. 

Chloride. [107°] (M.) ; [116°] (J. a, U.). 



CJl{NO.,)Br2l\feSO,ll, and 0,H,(N02)Me(S03H)2. 
Balts. - K^A" aq.—BaA" 5aq. —PbA" 2aq. 
Chloride. [09°]. Trinjetrio plates (fiem 
ether). 

Amide CJl2McBr{SO.,NII.,)2. [above 2G0°J. 
Bromo-toluene dUulphonic acid 
C,iH2Mol}r(SO.,ir)2 [l:4:3:.t:]. Prepared from 
C,;Il,Me(NH2)(80.,H).. by diazo-reaction (Bimp- 
rioht, n. 18, 2179; E. llichter, .4. 230,324).— 
UuA" Oaq.—K,A" aq. 

Chloride C,H,McBr(SO.,Cl)... [129°-133°]. 
A m idc 0«HAIeBr(Sp.,NH2)2. [above 240°]. 
Di bromo-toluene BUlphonio acid 
C,Jl_.MoBr.^(S 03 H). From o-bromo-toluene w- 
stilpiionic acid by nitration, and displacement 
of NtB by Br (Soluifcr, A. 174,305).—NaA' 2aq.— 
BaA'2 2^aq. 

Tri-bromo-toluene sulphonio acid 
CJ-lMeBra(SO.,H). Fromo-toluidinop-sulphonio 
acid by brominatioii and exchange of NII^ for Br 
(Ilayduck, A. 174, 351).—KA'.—BiiA'j IJaq. 
X’lio chloride is a .syrup, tlio amide an amor¬ 
phous powder, 

BB0M0-(aj-T0LUIC ACID v . Bi;omo-piienvl- 

ACIiTIO ACin. 

ju-Bromo-O'toluic acid CJI:,iMeIlr(C02H) 
[1:4:2]. [118° uiicor.J. Fine whito needles. 

Formed by oxidation of bromo-o-cthyl-toluene 
withjliluteHNO, (PI) at 200° (Claus a. Pieszeek, 
B. 19, 3088). 

Bromo-toluic acid C^IIjMoBr.CO JI [l:3or4:2]. 
[107°]. From o-tolnio acid and bromine in the 
cold (Jacobsen a. Wierss, B, 10, 1959 ; Racine, 

A. 239, 74). Needles; volatile with steam. 
On oxidation it gives bromo-phtlialic acid [167°]. 

Salt.—BaA'o 5aq. 

Methyl ether MeA'. [40°]. 

Bromo - o - toluic acid C^illaMeBrCOjjH 
[l:lor5:2]. [170°]. Glistening needles. V.sl. 
sol. hot water. Formed by oxidation of bromo-o- 
>ylone with dilute IINOj. - CaA'^ 2aq (Jacobson, 

B. 17, 2375). This acid is perhaps identical 
with the following. 

Bromo-o-toluic acid 0Jl3MeBr(CO2H) [1:6:2]. 
[187°]. Formed by sapoiiihcation of the nitrile. 
Sublimes in needles. V. sol. alcohol, v. si. sol. 
water. By alkaline KMn^^ it is oxidised to 
bnjmo-phthalic'acid [108°] (Nourrisson, B. 20, 
1016). A 

4^mido 0,HaMeBr(CONH,): [182°]; pearly 
plates (from alcohol); sublimes in needles. 

Nitrile C.H,MeBr(CN) [1:5:2], ^ [70°]. 
Formed from bromo-o-toluidino by diazotisation 
and treatment with cuprous cyanide. Long 
needles. Easily volatile with steam. 

Bromo-m-toluio acid Q,U}MeBr(COgH) 
[1:4:3]. [163°]. 
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Votnaf^otk—'l, From ‘ bromo-isooymene, 
Ot^MeFrBr [1:3:4] by troatmant with dilate 
fu70| (Eelbe a. OzamomE|fi, A. 236, 298).— 
2. Together with the following acid, by bromina- 
ting fa-tolaio acid in the cold [Jacobson, 19. 
14, 2361),—3. From bromo-nitro-toluene [45°] 
by treatment with KCN and alcohol at 220°, and 
aaponifioation of the resulting niVile (llichter, 
B. 6,426). b I ^ . 

A-operttcs.—Slender needles; Si. sol. cold 
HOAc. Oxidation gives (4, 1, ’t)-broniO'iso- 
phthalio acid. 

Bromo-OT-toluic acid aH,MeB4CO..n [1:G:3]. 
[209° cor.]. - L j 

Formation. — 1. By oxidation of broiuo-»»- 
ajWne (Fittig, A, 147, 32; Jacobsen, B. 
14, 2362).—2. Together with the preceding by 
brominating m-toluic acid (J.).—3. By oxidising 
the corresponding bromo-ns-isocymeno (Kelbe, 
B. 16, 41).—4. From the corrofi]>onding amido- 
toluio aeid by exchange of NH. for Br (Uemscii 
a. Kuhara, Am. 3, 431). 

Froperties .—Crystalline powder, sol. hot 
alcohol, insol. wdter. —CaA', 3aq.—BaA'.. daq. — 
AgA'. 

F.thyl ether EtA'. [o. -5°]; (270’-27.’)°). 

Bromo-yj-toluie acid C„H,MoBr(CO .11) [1:2:41. 
[204°]. 


Formation. —1, By the o.xidation of bromo- 
cymene C„n,Mel’rBr [1:4:2] (Landolph, B. 5, 
268), bromo-p-xylene (Jannasch a. Bicckinann, 
A. i71, 83), bromo-p-ethyl-tolucno (Itemsen a. 
Morse, Am.l, 138).—2. By brominating p-toluic 
acid in tho cold (Bruckner, H. 9, 407). 

Frox>ertics.-- Thin needles or lamin.T) (from 
water); m. sol. hot water. 

Salts.— Ba.A'„4aq. -CaA'.j 3 ’.aq Ca.A'., 3aq. 

Bromo-p-tolnicacid C,II;,.Mer. gCO.U) [1:3:4J. 
[196°], Formed by oxidising bromo-p-cymeno 
CuH 3 MePrBr [1:4:3] (Kelbe a. Koschnitzky, B. 
19, 1731). 

Bi-bromo-m-tolnic acid C„lT.AIcBr.,(CO 11). 
[186°]. Formed by oxidising crude di-b'*omo- 
xjlene with CrO, (Fittig, Ahrens, a. Mattheides, 
A. 147, 36). Minute needles (from alcohol).— 
BaA'j 9aq.—AgA'. 

Si-bromo-p-tolnio acid Cjn.,McBrj.COjn 
[4:6:3:!]. [195°]. Needles (from alcohol). V. si. 
sol. hot water. Formed by oxidation of di- 
bromo-p-xylene C„lI.(OIl 3 ). 3 Br„ [1:4:3:6] in acetic 
aeid solution with CrO,. By further oxidation 
with KMnO, it gives di-bromo-terephthalic acid 
0,H,Br,(CO,H), [G:3:4:l]. 

Salts.—CaA'jdaq; S. 1 at 20°.—BaA'., 2.uj. 

Ethyl ether A'Et: [49°]; (c. 310’); lo»g 
needles (Schultz, B. 18,1762). 

BEOMO-o-XOLUIDINE C„H,Me(NlJ,)Br 
[1:2:3]. Formed by reducing bromo-nitro-tolu- 
ene, itself got by the diazo- reaction from bromo- 
nitro-tolnidine [88°]. Oil. Gives with bromine- 
water di-bromo-o-toluidine, 0,11.(011;,)(N'II.JBr„ 
[47°]. Heated with cone. IlCfat 160° it forms 
the above di-bromo-toluidin# and a crystallinoj 
bromo-toluidine [65°] (Nevile a. Winthcr, C. J. * 
37, 630). 

Bromc - toluidine C,H,Mi'(NH,)Br [1:2:4]. 
[32°]. (o. 256°). p’ormed by reducing tho corre¬ 
sponding bromo-nitro-toluene, [45°J (llilbner a. 
Wallach, A. 154, 298; Kornor, Z. 1869, 6.36; 
Bubner a. Boos, B. 6, 799; Wroblowsky, A. 168, 
177 s Heynemonn, Z, [2] 6 , 402; A. 168, 340; 


Nevile a. Winther, 0. J. 37, 442). Zatminas.— 
B'HOl: six-sided trimetric tables, S. ’827 ai 
ll-6°.— 

Bromo-o-toluidine Ostt,Mo(NH,)Br [1:2:6], 
[68°]. Formed by brominating acetyl-o-tolu- 
idine (Wroblewsky, A. 168,162; Z. [2] 7, 136). 
Also from bromo-nitro-toluene [66°] by tin and 
HOI (Grote, B. 8, 565; A. 177, 249). Bhombo- 
hodra (from alcohol). Its constitution^ known 
because it gives the same di-bromo-toluene^g. e.) 
aif bromo-ni-toluidiuc. By displacement of NH, 
by II it yields m-bronn-toluene.—B'jH.SO,.— 
B'.,n..SO,liaq.—B'HCh —B'llNO,: [183°]; S. 
4-92 at 17°. 

Acetyl derivative C„lI,Me(NHAo)Br. 
[157’]. 

Bromo-toluidine C„II.,Me(NII.,)Br [1:3:4]. 
[32°] (N. a. W.); [67°] (Wr.); [7.'>°] (H. a. B.). 
By reducing the corresponding bromo-nitro- 
toluene ((}%.) (Nevile a. Winther, C. J. 37, 442; 
Wroblewsky, A. 168,177; Hubner a. Boos, B. 
6, 800). 

Acetyl derivative C„lIaMe(NHAc)Br. 
[111°] (N. a. W.). 

Bromo - toluidine 0,II,Mo(NTI,)nr [1:8:6]. 
[36°]. (c. 258°). S.G. u 1'1142. Formed by 
reducing bromo-nitro-toluene, [81°]. Crystal¬ 
lises with difliculty (N. a. W.; Wroblowsky, A. 
192, 203). Boduced by sodium-amalgam to 7»- 
toluldine.—B'HCh—B'HNO,. S. 2'6 at 13°.— 
B'.,II,SO,. 

Acetyl derivative C,IIjMo(NIIAo)Br. 
[168°]. 

Bromo-m-tolnidino C„II,,Me(Nn.,)Br [1:3:6] 
[78°], (210°). Formed by brominating acctyl- 
m-toluidine and Lolling tho product with aloo- 
holic potash (N. a. W.). Formed also by re¬ 
ducing (l,2,.5).C,H3(CIl3)Br(NO,). It gives the 
same dl-bromo-toluene (j. v.) as bromo-o-tolu- 
idinc.—B'HNO,; prisms. 

Bromo-tolu dine C,in,,Mo(NH,)Br. From o- 
bromo-tohiene by nitration and reduction (Hub¬ 
ner a. Eoo.s, B. 6, 801). Oil.—»B'HCl: S. 3-1 
atlOA,.—'iniNO,: 1-25 at 19°. Perhaps iden- 
tical with tho preceding. 

Bromo-p-toluidine C,H,Me(NH.)Br [1:4:3]. 
[26°] (Claus a. Steinberg, B. 16, 914). (240°). 
S.G. 381'50. From aoetyl-p-toluidino by bromi- 
nation and saponiOcation (Wroblewsky, A. 168, 
15;i). Elimination of NH, gives m-bromo- 

tolucno.-B'HN 03 : [182°]; S. 2-533 at 19°_ 

B'HSO,cq.-B'H.,C 30 ,. 

Ac. kyl derivative 0,UjMo(NHAc)Br. 
[117-5°]. 

Bromo-p-toluidine C„H 3 Mc(NH 3 )nr [1:4:2]. 
[26°]. Formed by rcdn_:ing tho corre.spoDding 
bromo-nitro-toluene i.bcvilc a. Winther, 0. J. 
39.85).—B'UBr -B'llCl (Wallach, A. 235,256). 

Di-bromo-o-toluidine C„H.,(CH 3 )(NHj)Br, 
[l;2or6:3:5]. [4f'] iN. a. W.); [50°] (Wroblewsky, 
A. 168, 187; Z. [ 2 j 7, 210). From o-toluidine 
and bromine (Nevile a^Winther, G. J. 37, 436). 
Forms unstable compounds with strong acids. 

Di - bromo - toluidine C,iH 3 (CHj)(NHABr, 
[l;u::3;4]. [98°] (N. a. W.); [85°] (Wr.). By re¬ 
ducing tho corresponding nitro- compound 
(Nevile a. Winther, G. J. 37, 439; Wroblewsky, 
A. 168, 184p Does not combine with acids. 

Di - bromo. m - toluidine C,HjMe(NHJBr, 

[1:S:3;4]. [59°]. Formed by reducing the corre- 
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fpondingdi-bromO'Hitro-toluene (Nevile a. Win* 

fchor, 0./. 87,447). 

Acetyl derivative C*H2(CH,)(NHAc)T3r^ 
[163°]. 

Di • bromo - m - toluidine C«HoMe(NH 2 )Br 2 
[1:3:2:5]. [73°]. lYorn the corresponding di- 
bromo-nitro-tolucne [70°] by reduction. V. sol. 
alcohoK(Novi1e a. Winthcr,//. J. 37, 418). 

Acetyl derivative C^:li.,(CH^)(NUAc)Br.,. 
[145°]. 

Di-bromo • w • toluidine . CyUjre(NIl 2 )Br 2 
[1:3:4:6]. [75°]. ForuuiUon. —X, Acetyl-ni-lolu- 
idine is brominatod. Tlio product is boiled 
with aXjoholio KOIl and then distilled with 
dilute acid. This retains bromo-toluidine. By 
fractionally dAtilling the rest with steam, two 
di-bromo-?^-toUudiric3 [75°J and [35'-'J, and one 
tri “ bromo - toluidine [101°J may bo isolated 
(Nevile a. Winther, C. /. 37, 410}.-*-2. By bro- 
minating the acetyl derivalivo of bromo-tola- 
idine [32 ^], and removing acetyl by heating with 
HoSO^ (2 vols.) and water (I vol.). 

Acetyl derivative CJl 2 (GJl 3 )(NlIAc)l>r... 
[108°]. 

Di. bron?o - m - toluidine C,;lLMo(NlL)Bi.. 
[1:3:2:G]. [35'-’]. Prepared as above. 

Di - bromo - vi - toluidine C^lLMc(NH.)Br;; 
[1:3:5:6]. [8C°j. Prciiared by reducing di-broino- 
nitro-toluene [105°] {Nevile a. Winthcr, C. J. 37, 
434). Formed also by heating the acetyl deriva¬ 
tive with equal volumes of 11.,SO^ and water.— 
B'HCl. 

Acetyl derivative CulL{Cir,)(NITAc)Br 2 . 
[205°]. Formed by acetylation of the base; 
also from Br and broino-acebyl-toluidino [108‘-]. 

Di ■ bromo -p - toluidine C„ir.,Me{Nil..)Br„ 
[1:4:3;5]. [73°] (N. a. W.}; [70°] (Wroblowsky)" 
From ^-toluidine and bromine (Wroblcwsky, ,4. 
168, 188; Nevile a. Wintlior, (7. J. 37, 436). 
From 2 ?-toluidino 7tt-suIphonict acid and Br 
(Pcchnmnn, 4. 173, 216). Coi^vertcd by N^Og 
into di-bromo-toUiene [39°]. • 

Di - bromo - - toluidine C,jTT,.Mfi(NTT,;)Br,, 

[1:4:2:5]. [85°]. Formed by reducing Ine cor¬ 
responding nitro- compound [87°] (Nevile a. 
Winther, C. J. 37, 415; Wroblewsky, 4. 168, 
185). Yields tri-bromo-tolueno [111°]. 

Di-bromo-p-toluidino C,jH2l\fe(5^HjBr2 
[1:4:2:6]. [88°]. Formed by rednetion of the 
corresponding nitro- compound [57°J. 

Di-bromo-toluidiue C^H.Mc(NH 2 )Br 2 
(l:4or6:2;3]. [53°]. From tho corresponding 
di-bromo-nitro-toluene [57°] ^N.a. )V.)* 

Tri . bromo - o • toluidine C,jiMe{NII.)Bf 3 . 
[10C°J. Described by Gerver (4. 169, 379) as 
formed by brominatipg o-toluidine. Nevile a. 
Winther (C. J. 37, 438),(say that no such body 
18 SO fonned. e 

Tri - bromo - vi - toluidine C,inTc(NiI.)Br 3 
[1:3:2:5:6J. [94°], From the acetyl derivative by 
boiling with alcoholic potash. 

Acetyl derivaiivkc C,iIT(Cn.,)(NlIAc)Br 3 . 
[181°]. From C„lL.(CH 2 )(NHAc)Br 2 [1:3:2:5] 
[144°] and Br (Nevile a. ^Yinthcr, C. J. 37, 
448h 

Tri - bromo - w - toluidine C^TIMe(Nn 2 )Bra 
[1:6:2:3:4]. [96°]. From its acetyl derivative by 
alcoholic KOH (N. a. W.). 

Acetyl derivative OflH(CH 5 ,)(NnAc)Br 3 
[1:6:3:4:2]. [173°]. Formed by brominating 
OA(CHJ(NHAc)Br, 


* Tri - bromo • m * toluidine OsHMe(NH2)Br| 
Cl:5:2:4:6].C101°](y.a.W.); [97°](Wr.). Formed 
by brominating di-bromo-m-toluidine (Nevile a. 
Winther, C. J. 37,448; Wroblewsky, 4.168,196)* 

Tri - bromo -p ■ toluidine 
[1:4:2:3:5]. £.33°]. From the hydro-chloride of 
C„H 3 (Cn 3 )Bf'(NIl 2 ) [1:2:4] and bromine-water 
(N. a. W.). If Needles (from alcohol). 

Tri. bromo - p - toluidine CJLMc(NDJBr* 
[1:4:5:6:2]. fllB-']. Formed by reducing the 
corresponding nitro- compound [106°] by iron 
and acetic abid (Nevile a. Winthcr, G. J. 39,85). 

Tri-bromo-toluidiuo C^H.Mo(NH.j)Brs. [113°]. 
From p-toluidino ?»-sulphonio acid and Br 
(Pechmann, A. 173, 217). , **“ 

Tri-bromo-toluidine C,JlMc(NH. 2 )Bra. [82°]. 
From o-broiiio-toluene fu-sulphonic acid by 
nitration, reduction and bromination (Schafer, 
4.174,362; JJ. 7,1355). 

Tri-bromo-toluidino C^HMe{NIl 2 )Brj. [72°]- 
From p-bromo-toluone o-snlphonio acid by 
similar treatment ( 8 .). 

Tetra-bromo-/;i-tolnidine C^iMe(Nn,.)Br 4 
[1:3:2:4:5:CJ. [221°]. Fpm bromo- 7 /j-toluidine, 
[37°], aqueous HCl, and bromine (Nevile a. Win¬ 
thcr, C. J, 37, 419). White needles (from alco¬ 
hol). 

Tetra-bromo-p-toluidine 0 «^^e(NIL 2 )Br 4 
[1:4:2:3:5:G]. [227°]. From C,Il 2 Me{NH 2 )Ttr 2 
[1:4:2:6] dissohed in dilute IIGl and treated 
with bromine-water (Nevile a. Winther, C. J. 
39, 85). Also from p-nitro-loluono, FcBr«, and 
Br at 90° (Scheufclcn, 4. 231, 179). 

BBOMO-TOLUIDINB SULPHONIC ACID v. 

BllOMO-AMIDO-TOLtn-'Nli 8 ULPII 0 K 10 ACID. 

DI - BKOMO - TOLDQUINONE C.-flMeBrA 
[85°]. Formed together with ilio tri-bromo-deri- 
vativo by tho action of bromine on tolu-quinoiie, 
and separated from it by cryslalllsutioii from 
dilute acetic acid in which it is tho more solu¬ 
ble. Yellow neoiHes; m. sol. water and alcohol 
(Canroneri a. G. Spica, 0. 12, 472). 

Tri - bromo - t'»iuquinono G, McBraO^ 
[1:3:1:G:2;5]. [235°]. 

Formation. —1. From toluqiiinone and Br.— 

2. From tri-bromo-liydrotoluquiiiono and Fc^Clg, 

3. In small quantities, by licating crosol with 

IPSO 4 , i^rid KHr (C. a. S.). 

Properties. —Palo yellow laminrR ; insol. 
water, si. sol. alcohol. Aniline forms black 
crystalline C,iMoBr{NPhPl). 02 . Aqueous KOH 
forms C^MoBralOHlOa [197°] (Spica a. Magna- 
uinii, G. 13, 312). 

BROMO - op - DITOLYL 
[l:3or2;l] C,.H,MeBr.O,dr,>[o [1:2]. [95° cor.]. 
From di-tolyl and Br (Garnclley a. Thomson, 
C. J. 47, 690). Purilicd by crystallisation from 
alcohol, from which an oily isomerkl© first sepa¬ 
rates. Oxidation gives bromo-terephthalio acid 
[309° cor.]. , 

Bromo-op.dit* 6 lyl [4:1] C ,Mo.C,II,MeBr 
[1:2:3or0j. Oil ;* prepared as above. Oxida¬ 
tion y?ivc 3 bromo-diphenic acid [208°] and c* 
bromo-phthalio acid [197°]. 

Di-bromo-ditolyl 0 ,,II,jBr 2 [152°]. From Br 
and ditolyl in CS. (CarneUey a. Thomson, O. J» 
47, 691). Long hair-like needles; less soluble 
in alcohol than the preceding compound. CrO| 
in HOAc gives CjJI^Br.pg [160°] and CuH^BrjOi 
(?) [198°], neither of which compounds dissolvoa 
in KOHAq. 



BEOMO-tmBEUJFERON. tSS 


BltOKO. TOm. AMXDO. OHIOBO. KA^H- 
THOQXTINONS v» CHiiOno-N<^pHTHoouiNONa*BBO- 

UO'TOLTTIDE. 

DI - BROMO - o . TOITL - AMIDO . PROPIO- 
NITRILE C«H,MeBr„.CHMe.CN. [105'’]. From 
o*tolyl-amido-propionitrilo and ir (Stcpliau, 
a 0.188G, 470). y 

l)i-brom6-;>tolyl-amido-propion^rile 
C„H2MeBr.>.CHMe.CN. [117°]. (S.). 

TETRA-BROMO-DI-TOLYL-AMINE 
(0,II{MeBr^.)^NH. [102°]. From Br and di- 

tolyl-nitrosamino in alcohol (fjelindl Z?. 15,1511). 
Small neodles. 

BROMO-p-TOLYL-BENZENE C,HTI„Br le. 
[^rtjd^n^Br.CaHjAIe [1:4J. Bfomo-phenyl4oUt- 
e}te» [c. 30°J. A product of the brominatiou of 
p-tolyl-benzene. Oxidation gives bionio- 
diphenyl-carboxylic acid [101°] and p-bromo- 
bonzoio acid (Carnclley a. Thomson, C. J, 51, 
88 ). 

Bromo-p-tolyl-bonzene C„TT,.C,jH:,^h!Br 
[l:2or3:4]. [120°]. From tolyl-benzoii<3 in CS;^ 
by Br (CamoUoy a. TliOmso. i, 0. J. -17, 58(5; 51, 
87). Pearly plates, si sol. hot ulcoliol, v. e. 
sol. bonztjiio. Oxidises to broino-teroplithalic 
acid [300° cor.]. 

Di-bromo-p-tolyl-benzene 
[4:1] OJI,Br.CJT,BrMe [l:2or3:4]. [115°]. From 
p-tolyl-benzcno in C»So and Br (Carnelley a. 
Thomson, G. J. 51, 80). Oxidation gives di- 
bromo-diplicnyl-caiboxylic acid [201°J and p- 
bromo-bonzoic acid. 

Di-bromo-tolyl-benzene 

[4:1] C 4 H*Br.G^ir,BrMe [l:3or2:4]. [150 ]. 

Formed, togetlxer with the isomeride [115°J in 
brominating p-tolyl-boiizeiie. Oxidation gives 
di-bromo-diplienyl-carboxylic ac? !*[232°J and p- 
bromo-benzoic acid. 

BBOMO-TOLYLENE-wt-DIAMINE 
0«H,(CH;,){NH,),(Br) [i:2:4:.rj. [101°]. Colour- 
loss plates. Sol. alcohol, otlier, aiid CS.. Pre¬ 
pared by brominutionnf tljcdi-bcnzoyl-doii\ itivo 
of (l:2:4)-tolylene-diamiiie and subsetjiiont sapo- 
niheatiou. 

Di-henzoyl-derivaiive [21-1°]. Wliito 
needles (Rnheinann, B. 14, 2058). 

Bromo-tolylene diamine C„lL(Ori,)(Nir.).Br. 
[107°]. Formed by reducing bronio-di-iiilro- 
toluene [101°] (Crete, A. 177, 202).-ir 21101. - 
B" 2 HN 03 .—B"H,S0,. -TP'ItC,O,. This body 
is perhaps identical willi the prcccdin;'. 

Bromo-tolylone-o-diamine 
CaH2(CH3){NH,),Br [l:2:;i:4j. [50°]. Obhiin. d 
by nitration and reduction of 2 J-briuno-o-toIui<W 
ine (Hubnci* a. Schiipphaus, B, 17, 775). Sjiiall 
colourless needles. V. sol. water, alcoiiol, and 
benzene. 

Salts.—B'HCl: very soluble culourlefs 
needles.—By iiS 04 : colourless tables. 

Anhydro-formyl derivative v. Mktu- 

BNYIi-BaOMO-TOLYLENr-O-PIAMlNB.* 

BROMO-TOLYL-ETHANE BitoMo-EiuYL- 

TOLUENE. 

a-BROMO-a-w-TOLYL-ETHYLENE * 
0,H,.OBr:CIl2. Formed by boiling ?« tolyl di- 
bromo-etbano C,II,.CHBr.CII.^Br ,'illi alouliolio 
EOH. Very unstable body: bc'gins to blacken 
even at 100° (Muller, B. 20,121G). 

w-Bromo-a-wt-tolyl-etbylene C,II,.CH:CIIBr, 
m'Methyl-bronio-styrcnc. (212°). Oil. Formed 
Igf adding bromine to a warm solution of sodium 


wt-tolyUscrylate (mothyl-oinnamate) (Mailer, B* 
20,1216). 

BROMO-TOLYI MERCAPTAN O.HjMoBr.SH. 
[o. 7°]. {c.245°). Fiom p-bromo-toluone sulpho- 
chloride, tin, and HCI (Hubner a. Wallach, Z, 
[2] 5, 500). 

Bromo-tolyl mercaptan Cjr,MoBr.Sl?. (210°). 
From o-bromo-tolhvne ^/i-.sulphochlorida ^53°] 
by«Zn andll.SOj (fliilmor, .1. 1G‘>, 41). Oil. 

DI-BR0Mb-DI.'*’0LYL-METHANEC,,H,4Bra, 
[115°]. From th* hy<lii)carbuu and Br (Weiler, 
B. 7, 1181). 

BROMO-p-TOLYI-p-METHYL-IMESaTIN V, 

p-MKTnYL-is.vnN'-njioMO-p-T.»i,uiiin. 

TETRA-BR0M0-p-T0LYL-(i3)-NAPHTHYL- 
AMINE Ci.HiiBr^N. [lGli°|. Foniu’d by bromina- 
tion of p-t(^’i-(/J)-naplithyl-amiiii) (Priodlander, 

B. IG, 2081^ White silky needles. Sol. alcohol 
and ether. 

BROMO-DI - a. TOLYL-PROPIONIC ACID- 

C, JI,MeBr.C(C„H,Me)JIo.COdl. [lU’J. Colour¬ 
less crystals. I^ol. alcoIiol, ether, Ac. Formed 
by brominalion of di-a-tolyl-propionic acid 
(ilaiss, B. 15, 1178). 

«8-DI-aROMO-;/i-TOLYL-PROPIONIC ACID 

C,.,Tr,.,BrA' i C,lI,Me.CllBr.CllJ3r.CO,H- 

[ll)7°j. From 7/t-Jiietliyl-ciniiaiiiio acid and Br 
{Mailer, IL 20, 1215). 

DI. BROMO - DI - TOLYL - DI-SULPHIDE 

{C„ll 3 MeBr).H._,. [78°]. From o-broino-tolyl 
mercaptan and dilute IINO^ (Uiibnor a. Post, A, 
10‘J, 42). 

BROMO-UMEELLIFERON 


^ .. /CH:CBr 

Methyl ether 4 J CulTiOMc)^ I 

*- -* \o.co 

[151°]. Fonned by the action of broniino upon 
a solution of ijinbelliferou-nielliyl ellior m CS^. 
(joiig white )ir.dlc‘s; m. sol. hot alcohol and 
ctlarr, si. S'‘l. Cl)', I alcohol aivhdhrr, insol. water; 
its dilute aleolioll^. solution lais a green fluor¬ 
escence. By alcoholic KOll it is converted into 
niethoxy'-coumarili(5 acid 
yGii.O,CO.,\L 
C,ll3(0Mc)^ / 

,Cn:OBr 

Ethyl ether OA(OEt)<; { : [11C°] 

^0 . CO 

silvery 1al.»los ; sol. boiling alcohol and ether, si.* 
sol. eoh- ^leuhol; its dilute alcoholic solution 
lias a violet fluorescence. Analogo’is to lha 
inctliyl-ether in its formation and prux>ortio3 
(Will a. Boch, B. 10, 1782). 

Di-bromo-umbellifc. on 
Xlf:CBr 

CJLBr(On)<; (?). 

\o~co 

>CH:CBr 

Methyl ether C,IIBr(OMe)<f | • 

• ' \o-co 

]251°]; formed by brominatiou of nmbelliferon- 
methyl-cther dissolved in acetic acid; whitd 
glistening needles; si. sol. alcohol. 

>CH:CBr 

Ethyl ether CJIA(OEt)<[ | : 

\o-co 

[21G°]; formed by brominatiou of umbelliferon* 
ethyl-ether in acetic acid (Will a. Beck, il» 
10, 1780). 





os« 

IM-Iiiomo-nmbelUfsioa CI,H|Br|0,.. [194"]. 
from ombelliieron and bromine-water (Posen, 

B. 14 , 9746; Moewer, A. 119, 261). The 
aloobolio solution sEows greenish-yellow fluor- 
eseence. 

BEOBO-tIVmC Acn) C,HjBr(CH,)(CO,H)j ] 
[z;l:3;6J. Prepared by oxidising bromo-UjU^-di- 
oxy-mMitylene with KMnO, (Coison, A, Ch. [6] 
6, 102f. White erystals, fcarbonises at 285° 
without melting. Hoi. alcohol.—Na.A": tables. 
a.BK0M0.»-VALERIC \CID C,H,BrOj 

C, H,.CHBr.CO,H. formed-by broniination of 
valeric acid (proiiyl-aeetio oli'd) (Juslin, B. 17, 
2504).. 

Ethyl ether A'Et: (191°); S.G. '{ = 
1'22G; colourless Iluid; 

7 -Bromo-»-valevic acid 

CH3.CnBr.CIL.CH.;.00.,II. From allyl-acetio 
acid and cone. IIDrAq at 0° (MesseSJchmidt, A. 
208, 94). Boiling water or cold Na.CO,Aq con¬ 
vert it into the lactone of y-oxy-valerio acid 

. , . .3 

a-Bromo-isovaleric acid 

(CH 3 ),,CIl.CIIHr.CO,.U (chieOy). [40°]. (230°). 
From ordinary valeric acid and Br (Cahonrs, A. 
Suppl. 2, 74; Borodine, A. 119, 121; Fittig a. 
Clark, A. 139,199 ; Ley a. Popoft, A. 174, 63; 
Bchmidt, A. 193, 101). Formed also by tho 
action of water on its bromide which is formed 
by treating isovaleric acid with Br and P (Vol- 
hard, A. 212,163). Oil. 

Ethyl ether EtA'. (186°). Is best puri¬ 
fied by distillation with steam, tho liquid is 
collected as soon as the oily drops sink under 
water (Lov6n, J. pr. [2J 33,1,12). 

Bromo-valeric acid CMeEtBr.CO.,H or, possi¬ 
bly, CHj.CIlBr.CHMc.COgll Bronio • methyl • 
ethyl-acetic acid. Bromo-hydro-thjtic acid. [66°]. 
From tiglio and angelic acids witli cone. IIBrAq 
at 0° (Fittig a. Pagenstcchor, . 195,108, 128; 
cf. p. 267). Monoclinio tabli« (from CHj); insol. 
cold water. Boiling water toiins tiglic acid and 
some irseudo-butylene (s-di-methyl-ethylene). 
NajCOjAq produces chiefly psendo - 4utylcne. 
Sodium-amalgam forms methyl - ethyl - acetic 
acid. 

Bromo - valeric acid CiH,BrO, i.e. 
CMeEtBr.CO jH ? From methyl - ethyl • acetic 
acid and Br at 160° (Booking, A. 204, 23). 
Liquid. Should bo identical with the preceding. 

Ethyl ether EtK’. (185°). S.G. 1/ 1-2275. 

’ Decomposed by boiling Na.,CO,Aq into a-mcthyl- 
a-oxy-butyric ether C.yeEt{OH).CPjH, 
yS-Di-bromo-ra-valeric acid 
CH 3 Br.CHBr.CH.,.CH 3 .CO,H. [58°]. From 
allyl-acetio acid and,Br in CSj (Messcrschmidt, 
A. 208, 100). Thin lamina). Converted by 
Bodium-aiualgam into allyl-»cctio acid. Boiling 
water forms tho lactone of bromo-oxy-valorio 
acid, and finally 0,11,0,. 

Di-bromo-valeric acid OMe,Br.CHBr.CO.,H. 
[106°]. Solidifies at 7»-°. From CMe,;CH.CO,II 
and bromine (Ustinoff, J. pr. [2] 34, 483). * 

Di-bromo-valeric acid 

OH,.CHBr.CBrMe.CO.,II. [86°]. From tiglio 
acid and Br (Schmidt a. Bcrendcs, A. 191,119); 
also from angelic acid and Br (Jaffd, A. 135, 
293; Pagenstecher, A, 195, 123). Triclinio 
erystals (from CS,); insol. cold water. Con¬ 
verted by distillation or by sodiiun-amalgam 


in^ tiglio acid (Demareay, B. 8,830). Bolling 
water deoompoMS its salts forming bromo-buti- 
nene (87°).—KA' :#inaoL oono. EOHAq. . 

Ethyl ether EtA'. (185°). (J.). 

DI-BROMO-VALERIC ALDEHTDE 0,H,Br.,0 
i.e. CHj.CHBr.CBrMo.CHO. From tiglio alde¬ 
hyde and Bsr(Lieben a. Zeisel, M. 7, 56). 

BROMO-fTALERO-LACTOEE BnoHO-ox*- 

VALERIC ACin. 

BROMO-VALERVLEHE 0,H,Br. (125°- 

130°). From valoryleno dibromido and alco¬ 
holic KOH (Reboul, A. 135, 372). Forms a yel¬ 
low pp. of BjIIjOu with amraoniacal cuprous 
chloride. 

BEOMO-VANILLIC ACID v. Methyl depiva- 
live of Buomo-di-oxy-benzoio«-.cid. 

BEOMO-VERATRIC ACID w. Methyl deriva¬ 
tive of BaoMO-DI-OXY-BENZOIO ACID. 

BROMO.VINYL ACETATE C,H,BrO, ».«. 
CHBr:OH.OAo. From acetylene di-bromide and 
KOAo at 160° for 2 days (SabanojeC, A. 216, 
272). Crystals. Explode when quickly heated. 
Forms with bromine a compound 0,H,Br,0„ 
which solidifies at 0°. 

W-BROMO-P-VINYL-PHENOL. Methyl 
ether C,H,(OMo).CH:CnBr. [55°]. From the 
di-mothyl-ether of aB-di-bromo-y)-oxy-phenyl- 
propionio acid C,n,(OMo).CHBr.CHBr.CO,Me 
by boiling with aqueous KOH (30 p.c.). Plates, 
of pleasant smell and taste (Eigol, B. 20, 
2537). 

cso-Bromo-o-viuyl-phenol 
C„II,(OII)Br.Cn;CH.,. Bromo-oxy-slyrene. (265°). 
Formed by distilling di-bromo-othyl-phonol, 
C,H,(OH)Br.C 2 H,Br obtained by brominating 
o-othyl-phenol (Suida a. Plohn, M. 1, 180). 
Liquid, si. sol. water. Gives a reddish-brown 
pp. with Fo.Cl,. 

Di-bromo-o-vinyl-phenol. Methyl ether 
C„n,Br.,0 i.e. C,n,(OMe)Br.C.,ll,Br. From the 
methyl derivative of tri-bromo-o.vy-phenyl-pro- 
pionic acid C,H,(OMe)Br.CHBr.OHBr.CO,H and 
Na.COjAq (Perkin, 0. 39, 418). Oil; slightly 

volatile with steam. 

BEOMO-VINYL-PIPERIDINE 
C,H,„N(C,H 2 Br). IHper-ethyl-aUcine-hromide. 
F'ormed by heating the hydrobromido of piper- 
othyl-alkino (oxethyl-piporidine) with 1 mol. of 
bromine at 100°-120°. On reduction with 
sodium-amalgam it yields ethyl - piperidine.— 
B’HBr: thin colourless prisms, sol. water, v. 
si. sol. cold alcohol.—B'HC1. — B'.,H..C1,PtCl,.— 
B'HChAuCl,. (Ladenburg, B. 17,154). 

BROMO- 0 -XYLENE C,II,Br i.«. 
C,H,(CH,),Br [1:2:4]. [0°]. (214° i.V.). Mol. 
w. 185°. S.G. 1-37. Formed by the action 
of bromine in presence of iodine upon o-xylene 
in the cold and in the dark (Jacobson, B, 17, 
2372; Schramm, B. 18,1278). 

0 ,-Bromo- 0 -xylene C„H,(CH 3 ).CH,Br. o- 
xylyl bromide. (217,°) at 742 mm. S.G.*S 

1-381. Colourless liquid. Prepared by tho action 
of bromino-vapotr upon boiling o-xylene; or in 
the, cold upon o-xylene exposed to direct sun- 
shine (Badsiszewski a. Wispek, B. 15,1747; 18, 
1281; Schramm, B. 18 1278; Colson, A, Oh, 
[6] 6,115). 

Bromo-m-xylone 0,H,(CH,),Br [1:3:4]. (206°). 
Formed by tho action of bromine upon cold m- 
xylene in the dark (Fittig, A. 147,31; Schramm, 
B. 18,1277). Mel and Na give ^-oumeno. 



sromo-xylene-sulphonio acid. 


es; 


**nS« — 10“. Obtained by adding 

» HOI eolation ol bromine^ to a solution o1 
sodium m-xylene-(5)-sulpnonate, which is 
prepared by debrominating di-bromo-ns-xylene 
sulpho^o aoid C.HMe 2 Br,(SO,H) [ 1 : 3 : 4 ; 6 : 2 ] 
with Einc-dust and aqueous auanonia. By 
methyl i^iile and sodium it givA hcmimelli- 

oA on- [1:2:3] (Jacobsen s. Beikc, B. 

20, 903)* 

Bromo-xylene CJLMo.Br [1:3:51. [201‘’1. 

S.G. S 2 i. 3 (; 2 . Oil. From C, H .JloJNH,) 
[1:3:4] vi& C.H 3 lMo.,HHAc, C,JI.,I)iir'o .N HAo and 
C,HjBrMoj{NHj) (Wroblewsky, A. 1U2, 215 : B. 
9, 496). 

\‘***Sfmo-m.xy!cneC„lI,(CH.,).Cir lir.»)t..Tj/[vI 
bromide. (215 ’) at 733 mm. (B. ,a. \V.); (c.2i8'’) 
(C.). S.G. -1 1*371. Colourless liquid, wilh 
pungent vapour. Prepared by the action o£ the 
vapour of bromine on boiling ju-xylene, or from 
Br (1 mol.) aud^ cold Wi-xyleiio cixjiosed to direct 
sunlight (Uadzis::ewski a. Wispek, B. 15,174.5; 
18,1282; Schramm, B. 18, M77 ; Colson, A. Ch'. 
[C] 6 , 117). 

Broiiio-p-xylone C,li,lh(CII,). [2:1:4]. [10°]. 
(20G°i.V.). Formed by the action of bromino 
upon cold p-xylene in the dark (Fitti** a. 
Jannasch, A. 151, 283; 171, 82; B. 17 , 270 ;) • 
Jacobsen, B. 18, 336; Schramm, B. 18,’ 1270)! 
Large plates. 

<.-Bromo-p-xylene C„II.(ClI,).CII.Br. )i..Vv7vf 
bromide. [30°]. (21!)") at 710 him. J,oi'ig 

colourless needles. Sol. ether and chloro- 
form. Pungent smell. Prepared by the action 
ol bromine-vapour on boiling /i-xyleno, or of Br 
(1 mol.) upon cold ^i-xylene exposed to direct 
sunshine (liadxiaxcwski a. Wisiiek, 7 i. 10 17 . 13 - 
B. 18, 127!); Schramm, B. 18, V.:j). 

Di-bromo-o-xyleno i;„ir,(Cll,).d!r.j [ 1 : 2 :!!: 4 ?]. 
[7°]. (277°). S.G.1*78 1 * 2 . T.iqnid atordinary 
temperatnres. Formed together with thu ii-o- 
merido [ 88 °J by the action of bromino (2 mols.) 
in presence of iodine upon o-xyleno (1 mo*!) in 
the cold (Jacobsen, B. 17, 2370). 

Di-bromo-o-xylene G„ll.(CH.,).Brj [1:2:1:5J. 
[ 88 °], (278°). Largo trimetvic xilates, or long 
needles. V. sol. hot alcohol; v. si. sol. alcohol 
at 0°. Formed as above (Jacobson, B. 17. 
2376). 

o-Bi-M-bromo-xylene CJl,(CiI;.Br),i [ 1 : 21 . 
o-Xylylene bromide. [95“J. H.G. ° 1*;)34. 

S._ (ether) 20. S.ll. (15°-40°) *183. Kplcndid large 
trimetric crystals. Prepared by heating o-xylene 
with bromino (2 mols.) at 130°-153'. Also by 
the action of Br (2 mols.) in the cold upoji o« 
xylene (1 mol.) exposed to direct sunshine. Tri- 
metric crystals; o; 6 :c = *858l: 1: *5014; v. sol. 
ether and cliloioform. By boiling with a solu¬ 
tion of NujCOj for 3 hours it yields plitlialyl- 
alcohol (Baeycr a. Perkin, B. 17, 123; lladzis- 
xewski a. Wispek, B. 18, 1281: Schramm, B. 
18,1278; Colson, A. Ch. [ 6 ] 6 , ft)5; G. U. 101, 
428; Perkin, jun., G. J. 53, 5)# 

Di-bromo-m-xylene C„H,,(CII,).Brj. [7;2°]. 
(266°). From m-xyleue and Br (Fittig, A. 147, 
26i 166,236). 

Di-bromo-m-xylone C„H,(CH,),.Brj. (252°). 

Liquid. From brominatud nt-xy’lidine by the 
diazo- reaction (Wroblewsky, A. 192, 216). 

«,w,-Di-broino-m-xylene C»H,(CH.Br).j [1:3]. 
XybyUn* dibromide. [77°]. S.G. 4*1*7.34; m 


(liquid) 1*616. S. (ligrolo) 83. * S.H. (16°-40“) 
'184. formed b^the action of bromine (2 mole.) 
in toe cold upon w-xylene exposed to direct sun¬ 
shine ; also by adding Br (f mols.) to m-xylene at 
130°-180 ’ (Schramm, B. 18,1277; Badziszewski 
a. Wispek, B. 18, 1‘ 82; Colson, A. Ch. [0] 6, 
109, C. B. 101, 428, Kipiiing, 0. J. 63, 26). 
Prismatic needles (from CllCI,). Attacks the 
: eyes. Converted j ' alcohol or hoililfg water 
I into C„H,(Cn.JJll) . Alkaline permanganate 
j fofm.s isophtlialie a :id. 

i Di-bromo-p-xy’ no C„lt,(Cri,),lh*., [1:4:2.*.51. 
[76°]. (261°).^ . .’’rom p-xyienc, Ih*, and I. 

: A small qn.aiil.ty of a liquid isnmerido, 

1 OBH.j(Cii;,).Br.j 11:4:2:6] (?) is formed at the same 
j time. Large triclinic crvsials, plates, or tiat 
! needles (Jacobson, B. 18, 3,3,8 ; Fittig, Ahrens a. 
kfattheidos, A. 117, 26; Jamnisch. B. 10, 
1357). 

iO|Oi.;-Di-lromo-p-xyIene C„]I|(Cir..Br)j [1:4]. 
p-Xylykne bromide. [144°]. (c. 215°). S. 
(etho;) 2*65 at 20°. S.II. (15°-40°) *180. 
Formed by the action of bromino (2 mols.) in 
I the cold upon ^j-xylcne ox|)i)sod to direct siin- 

■ shine ; or by tho action of bronnnir-vaponr on 
boiling 7 )-.xyleno (Grhnanx, Jf. 1870, 394; 
Schr,* 1111111 , B. 18, 1*277; lladziszou.-<l:i a. Wis¬ 
pek, ]J. 1.5, 1744 ; 18, 1279 ; JJ'nv. A. 231, 362; 

^ B. 18. 2072; Colson, C. It. 101, 1*28; A. Ch. 

■: pi] 6, 119; Kipping, C. J. 53, 31). Plates; sol. 
CIICI,,. Boiled with water (*20 pt:-;.) and lead 
nitrate (Ipt.) it forms ti'rephtlniHo ntdohyde and 
some torephthalie acid and p-aldohydo-honzoio 
acid. F'umnig UNO., acts similarly. Alcohol 
converts it into C,U,(CIl,OIl),; Ihe rale of this 
sapoiiilication is loss than with tlie o-, and still 
loss than with tho w-isomerido. 
c.m-Tri-bromo-p-xyIenc 

i°i.i^i(izHBr,)(Cll,.ljr). [106°]. F'oi-mcd from 
;*-xyleno and impure bromine-vapour (Low, A. 
*231, 3(i3). l uling water gives w-o.xy-toluie 
aldehyde. 

Tetrn.bromo-o-xyleno C„(f;ir,,)jBr,. [202°] 

(*T-); ['-bi'5°J (B.). (375’). From o-xylcnc and 
Br (Jacobsen, B. 17,2378) in presence of AFBr^ 
(Bliimlcin, B. 17, 2192), Long glistening 
needles. V. si. sol. hot alcohol; v. sol. liot 
benzeuo. 

Tetra-bromo-p-xylene C„(CIIj).Br,. [253°]. 
(355°). Fromp-xjlono and Br (Jacobsen, B. 18, 

BEOirp-o-XYLENE-SULPHONIC ACID 

C.H„(CU,f-(,J’)(S 03 ri) [l;2;i;5]. Formed by 
snlphonation of bromo-o-xylenc. Crystals (con¬ 
taining aq). Very soinblc In water, spiiiingly in 
cold dilute 11-80,. 

Sal ts. --KaA’l.Jaq : long 6no needles, v. 
sol. hot water.—KA'aq.—BaA’, 3aq: long thick 
prisms, sol. hot wirier. 

Amide C„I4(Cjy.,(Br)(SO.,NlI,); [213°]; 
long fine needles, \. si. sol. water, si. sol, cold 
^Icohol (Jacobsen, B. 17,41373). 

■ Bromo-o-xylene-sulphonio acid 
CJIi(CH 3 )jBr(SO,H). Formed by tho action of 
bromino uiron an aqueous solution of o-xylene- 
Bulphonic acid.—BaA'^ 4aq : siiaringly soluble 
needles. 

Amide C.HjMa^Br.SO.^Nn,,: [187°]; thick 
needles; T. sol. hot alcohol (iiclbo a. Stein, B, 

19,2137). 
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B7(2]no-m<zyleao buI ihonlo acid 
0,HJCHJ,Br(S0,H) [1;3:2:4J. From di-bromo- 
m-zyiene suiphan^de. by 8odium*amalgain 
(Jaoobsf^n a. Wolaborgif'B. 11, 1535). 

Amide [161® cor.]. 

Broino-m*xyleiie suljuhonic acid 
C,H..Me,13r(S03li) (1:3:(>:4]. From 
C„H:,lvr.,(SOJI) [1:3:4] bvi.^r or from C„H,Me,lk 
[1:S^:G] by fuming H^SO, (.Veinberg, B. 11,1002). 
From CaH 2 Mc.,(NH..){ISOs?] ) by diazo- reaction 
(Sartig, A. 230, 335; Noftjng a. Kolm, B. 10, 
139; Limpriclitjli. 18, 2185^ Slender needles, 
V. e. sol. water. v 

Salta.—BaA'.aq.—Na A’ aq.—ZiiA'^ Oaq.— 
CuA'^ 7aq. 

Chloride [01®]: large prisms. 

Amide [194®]: small triinotric prisms. 

Bromo-p-xylene sulphonic acid 
CAMe,Br.SOaH[l:4:2:5i. FormdU by healing 
diazo-^-xylene-sulphonic acid ^ 

[1:4;2:5] with strong IIBr. — BaA^;2aq: simill 
white plates. 

Chloride: [78®]; small white prisms. 

Amide: [201®]; small white plates, v. .sol. 
alcohol and ether, si. sol. water, benzene, and 
cliloroform (Nolting a. Kolm, B. 19,141). 

Bromo-p-zylene sulphonic acid 
C,II,(CII,),(Br)(yO:,H) [l:4:2;x]. Bcavly plates 
or lint needles. Foriiied by sulpbonation of 
bronio-^J-xyleno. 

y alts.—NaA'aq : long thin prisms, tvimetric 
plates,or six-sided plates.—BaA'^: small prisms 
or thin six-sided plates. 

Amide C„H,(CHh),(B.)(S(),NH,). [200®], 

flat prisms, v. sol. hot alcohol (Jacobsen, B. 17, 
2378). This acid is perhaps identical with the 
preceding. 

Di-bromo-m-xylene sulphonic acid 

C„H(CH,),Br,(S 03 ri) [1:3:4:0:21. Fromdi-bromo- 
w-xylene *[72®J and fuming IT.SO^ (Jacobsen a. 
Weinberg, B. 11, 1634). *fteatlets, si. sol. cold 
water. Boducod by sodiuin-amalgani to (1,3,2)- 
w-xyleno sulphonic acid. •' 

Salts.—BaA'j.—NaA'2a<i: loallets. 

Chloride [107“J: rhombic leallets. 

Amide [220®]: slonderncedios. 

BROMO - m - XYLEROI CJI,(CIl 3 ),Br(OII) 
[l:3:x:4]. From Br and ?n-xylenol in IlOAc. 
Liquid (Jacobsen, B. 11, 24). 

Bromo-p-xylenol C,.Tl..(CH3).J3r(OII) [l:4:x:2J. 
[87®]. From^-xylcnolandJBr (JacoUien, i?. 11, 
27). 

Bi - bromo - m - xylenol C«H(CHj).,Br..(OH) 
[1:3;?:?:4] [73®] (J.). 

i)i-bromo-^'xyipnol 0 „H 3 (CH.Br)^(OH) 
[1:4:2]. [74®J. S. (alcohol) 200. From p- 

xylenol and Br at 100® (Adam, Bl. [2] 41, 288). 
Needles; insol. water, but decomposed on boiling 
with it, IIBr coming oil. 

Tri - bromo - o • xyisnol C„(CH3).,Br3.0H 
ri:2:4:5:6:3]. [184°]. Fine needles. Forme'd 
by bromination of o-xylenol 
[1:2:3] (Thol, B. 18,2662). 

Tri - bromo - o - xylenol C„(Cnj) 2 Br,(OH) 
tl:2:3:6:6:4]. [169°]. From (l,2,4)-o-xylonol. 
Felted needles (Jacobsen, B. 11, 28). 

Tri - bromo - m - xylonol C.(CII,)..Br,,(OII) 
11:8:2:5:6:4]. [179°]. From (1,3,4).)K-xylenol 
(J.). Long needles. 


• Tri-bromo-m-xylenol 02(CHa)2Br,.OH 
[1:3:2:4:6:5]. [166°]. Fine white noodles. From 
m-xylenol 0,H3(CHj)2.0H [1:3:5] (Ndlting m 
Forel, B. 18. 2679; cf. Thol, B. 18, 362). 

Tri-bromo-^-xylenol C„(OH 2 ) 2 Br 2 (OH). [175°]. 
Golden yelbnv needles (Jacobsen, B. 11, 26). 

BKOMlf- m - XYLIDINE C.Hi.BtN i.«. 
C,.IL(CHs).;Br(NH-) [1:3:5:4J. [97°]. From 

acetyl-wt-xylidino by bromination and saponifi¬ 
cation. Minute needles (Irani dilute alcohol). 
Converted by the diazo- reaction into s-bromo • 
xylene (Get z, B. 3, 225; Wroblewsky, A. 192, 
215). 

Di -bromo - o - xylidino C J[(Cll,)-Br 2 .NHj 
[1:2:1:5:3]. [10.'1°|. Obtained by rcdijsbfei.'Of 
the co'To.spnndiiig nitro- eoniponnd wicn iron and 
acetic acid. Colourless needles. V. sol. alcohol 
ether, and acetic acid. Does not form s.alts. By 
I sudium-amalgam it is debvomiiiated (Thol, B. 
' 18, 251)2). 

Di-bromo-wi-xylidin© CJl(CTl 3 );,Br 2 (NIIa). 
From acetyl-?;i-xylidino by brominating and 
saponifying (Gonz, 7».'3, 225). Needles (from 
ftlcohul). 

Di-bromo-p-xylidine C„HMe..Br.^(NH.,) 
[l:l:5:.r:2]. [G5®j. Formed by acidifying au alka¬ 
line .‘solution of (1 mol. of) p-xylidiiic-sulphonio 
acid C,ILMc.(NlL)(yO.,ll) [l:4:2:5j and (2 raols, 
of) bromine. Also fonmKl by bromination of p- 
xylidino (NiUting a. Kohn, B. 10, M2). 


BEOMO-nt-XYLIDlNE-SULPHONIC ACID 

C,;UMe-,(Br)(NTF){Sl>,ll) [l:3:5?:4:G]. yniall 
wiiito neodle.s. Sol. hot, v. si. sol. cold water, 
insol. alcohol. Formed by bromination of wi- 
xylidine-sulphonic acid OrtlI.Mo.,(NH.J(SOsII) 
[1:3:1;GJ (Nolting a. Kohn, B. 19,140). 

Bromo-j^xylidino-sulphonic acid 
C,mre.,Bi(NH.)(80,ll) [l:4;,c:(>:2]. Small white 
plates. Nearly iusoluble in cold water. Formed 
by bromination of p-x>didino-sulplionic acid 
CJUIo..(NTr..)(SO.,U) [I:i;G:2J. -A'K (Nolting a. 
Kok n, B. 19, 143). 


DI-BROMO-wt-XYLOQTJINONE C,Br,.Mo..02 
[1:3:4:G:2:5J. [174®J. From mcsitoI,G,TIAIa,(01I) 
and Br in water (Jacobsen, A. 195, 27 tj. Golden 
laminio (from alcohol), insol. water and 
Na-jCO^Aq, decomposed by KOlIAq. 

Di - bromo • p - xyloquinon© CgDr.^Mc-P, 
[1:4:5:2:3:6]. [184®]. Formed by the action of 
bromine upon p-xyloquinone under water. Thin 
golden plates. Insol. water and cold alcohol; 
Bol. ether and benzene (Cuvstanjen, J.pr. [2] 23, 
^434). 

BRONZE V . Con'Ku, alloys of, 

BRUCINE a3Ti.,„N..0^4a(i. [105®, hydrated]; 
[178®, anhydrous] (Ciaus, B. 14, 773); [151®J 
(Blyth). S. *12 at 15®; *2 at 100®. [a]„= -85® (in 
alcohol); -110® to -127® (in CilCy (Oude- 
mans, A. ICO, G9). 

OccurreneA —Togethoi* >vith strychnine in 
nuxvomica(the^iocdsof Stnjchnosnax vomica)^ 
in the bean of St. Ignatius (the seed of Sinjehnoe 
JgJiatii), in tho wood of Stnjchnos coluhrinat in 
upas tiente, extracted from tho bark of S. tienle, 
and in the bark of Strychnos nux vomica {False 
Angiistura bark) (Pelletier a. Caveutou, A. Oh, 
[2] 12,118; 20, 53; Pelletier a. Dumas, A, Ch, 
[2j 24,170; Corriol, /. Ph, 11, 495; Liebig, A, 
Ch, [2] 47,172; A, 2G, 50; Rcgnault, A, Ch, 
[2] 68, 113). Brucine, free Irom atrychniaoi 



BRUCINE. 


ear 


oooars in the bark of Slrychnoa Liguslrliia 
{Bidara Lauf) (Greenish, P\ [3] 9,1013). 

Preparation. —Nux vomica seeds (66 lbs.) are 
powdered and exhausted with alcohol, to which 
one-sixth part of water has been added. The 
alcoholisboiled off and the residnAtreatod with 
water (40 Ibg.) containing; (-ip Ibi^.). Tlic 

filtrate is neutralised with Nii.COa. Tlie pp. is 
collected after a few hours, dissolved in cliloro- 
forin, and the solution shakeii with very dilute 
which dissolves brucine. Tlio solution is 
placed under a bell jar together \#th a beaker i 
containing a»innonia so tliut neutralisation ^ 
^grocc^s very slowly. The cryslalliue pp. is j 
extTOTl^i^with diiucc alcohol, which dissolves ; 
brucine, and the solution allowed to evaporate. : 
The brucine, containing stryohnino, is dissolved 
in dilute H.^SO,, and thofaintly^ilkalino solution | 
mixed with KI. The brucine hydriodide that is ; 
ppd. is crystallised several times from alcohol. It ' 
is then shaken with a(pieous Na.CO;, and chloro¬ 
form, the cliloroform is tlurn shaken with dilute 
acid and the bas<^ pp.* with ammonia (W. A. 
yUenstone, C. J. 31), I;*/!). 

Propcrli'cs.- Monoclinic ellloroseent prisms 
(from dilute alcohol); v. Sid. alcohol, chloroform, 
and essential oils, insol. ether and fatty oils. 
Feebly alkaline to litmus or pheiiol-phtlialein 
(Pluggo, Ar. Ph. fH] 25, 45). It is 1/uvorotiitory, 
the extent of rotation depending upon the 
nature of the solvents and the C4jncentiatioii of 
the solution. Inpresonceof free acids [al„ varies ' 
from -2!)^ to -3G-5'' (Tykoeiner, li. T. (J. 1, j 
144). Comraereial brucine usually contains ' 
strychnine, but the colour which strychnine , 
gives with oxitUsing agents is ’'laskf'd by the I 
presence of brneino. The stryck.Jtne may, bow- j 
over, bo detected by adding dilute I fN'O., and then j 
extracting the strychnine with eliloioCorm in ' 


76; Hanssen, jj. w, Kfirfl, and ^804 
oxidise oacotheline to ^,eH, 4 N 204 , which is also 
formed by the oxidation of brucine.—8. Brucine 
(1 mol.) heated with IjDl at 140° gives off McCl 
(between 1 and 2 mol/.). Brucine is therefore 
possibly C.,,H..u(()Mo> N..O, , stryohnino being 
0,,H,.,(0U);N.A (Sle hslone, C. J. 13, 101; cf. 
Hanssen, jj. 17, 22G‘.y4. Yields oii diltillation 
with potash several' pyridine, bases. AniSngst 
otlfors (0)-di-metli3'y pyridine and (/3)-tri-methyl- 
pyridine, quinolin ' tetiahydvide, togetlicr with 
probably a di-n,’ thyl-pyridine (Oeclisner de 
Coninck, A. Ch/[ ] 27, M)7 ; C. R. 00, 1077 ; HI. 
[2J 42, 100). 5. Distilled hi vacuo with /dne- 
dust it yields c.arbazol (lia biscii a. Sclioop, M‘. 
7, (>l.3).--0. Alkaline KMnO, gives off about 
half the nitrogen in the free stale (Wanklyn a. 
Chapman, C. J. 21, KU).—7. ICl forms a light 
tlocculent in solutions of salts of brucine 
(Dittmar). 

I Salts.—r/JIOl: crystalline tufts, m. sol. 

' water.—B'TTClIlgCl.^: long needles (from alco¬ 
hol).—B'.Jf • yellow pp.—lhlil aq: rect¬ 

angular lamin;e or very short jirisms; m. sol. 
hot water.—IJ'III-,: brown violet needles (Jor¬ 
gensen, .4. Ch. ft] 11, lit; J. ))r. |2l 3, 100). — 
unstable orange needles. • H'IIN(.)a2aq; 
four-sided prisms; less soluble in water than 
strychnine nitrate. ]3'all.SO,7aq: long needles, 
v, sol. water, .si, sol. alcohol.--A 5aq; 
S. 1 at 15^ (TTow, N, Kd. P. J. jnew] 98).— 
B'alf.Srt Oaq : |125'J; insoluble yellow needles, 
formed by almosplierie oxidation of analcoholio 
solution contaiiii>»g li.S (Schmidt, A. ISO, 290; 
B. S, 1207; 10. '’838, 1288). — — 

lJUhJ’O.xaq (Andcr.son, 1\ M. fH] 33, 103).— 
B'.,n jFeCy,. 2aq : hygroscopic needles, m. sol. 
hot water (IJrandis, A. 00,200). I>\lI,FeCyu4aq. 
—J>'JJ,b’cCy„: white powder (Holst a. Beckurts, 


prosoncu of cxces.s of KOII (Shenstone, J'h. [3J | Ar. Vh. [3’ 25, 313). — U'.,lf.,FeCyK Oaq. — 
8, 445; Ilanriot, O. 11. 97. 207). Brneino is | B'JI.CoCy, lOae (Lee, Am. S. [2) 2, 41).— 
niloctcil by heating with acids, alkalis, oi. even ^ B'.jlFNiCyi (L.).—DTIGyS: scales, sol. water.— 
water, and hence much is lost by flic usual , I’eriouate: needles (Bodukur, A. 71, 64; 
method of preparation, bub the products being j Langlofs,/l. C/t. [3J 3t,27H). Nitroprusside: 
usually amorphous, the unaltered l>nicino is . S. *15 at 15° (Davy,/’A. [3| 11,750). Acetate: 
easily separated in a pure state. I crystalline, but gummy iif inquire (Shenstonc),— 

Colony tests. ~V. p. 124. The mo.'d charac- ■ Dextro • tartrates : 51aq,—■ 

ioristic is the red colour with nitric acid, whicli, ! BA^^.Ac—Buivo-tartrates: 

after warming, is turned violet by excess of B^C,IIAlhW* B'C,n O,.5aq (Pasteur, u4. CA. 
amraonir.m suljdiide (u. also Cotton, [2] .5, [31 38, 472), — (Stonhousc, A. 

728; J. Ph. [4J 10, 18; Luck, [2] 0, 275; 129,20]. 

Le Linde, C. N. 37, 98; Fliickigor, Fr. 1.5, 312; Me i tui lo-iodido B'MeT 8aq: laminro 

Hager, Fr. 11, 201; Dragendorff, Fr. 18, 108; (from water)' resiitiOcd by boiling KOH (Stahl- 
Pahdis, C. C. 1872, 410; Struve, Fr. 12, 10>; schmidt, P. 108, 513). — B'Mef,. — B'Melj.— 
Buckingham, i’7i. [.3] 3,881). | Mc.thylo-bromide B'yic!Bv2\aq .— Methylo- 

Reactions. -1. Brneino (00 g.) heiiied with [chloride B'Ah'ClSaq; v f oh water and alco- 
alcohol (COO c.c.) and NaOII (30 g.) at. 100 * for j hoi. — B'-AIc.-VtCl,,. — B'HAnCl,. - Mcihylo^ 
12 hours forms a solution which, after neulr.ili- \ sulphate B'jMe'^0,,8aq; radiate crystalline 
sation with COo, filtration and evajmration, [ mass, v. sol. water. B'Me.^S 04 2aq.— Methylo* 
loaves a varnish co^/aining son^e cryslal;^ The \ nitrate B'MoNO.,2aq. The physiological ac- 
crystals (7 g.) 8cpai<ited from the varnish by j tion of those salts has been studied by Orum 
washing with water and puriffed by solution in i^Brown {T. Fj. 25), • 

very little dilute HCI and ppn. by Nlf^ are * Fthylo-iodide B'Rtllaqt not decom- 
thrown down as microscopic crystals of posed by KOII but converted by moist AgU into 
C2,H,jmN.,Oj (2>g.). This gives a yellow colour a very soluble alkaline hydroxide:— 
with'HNOa; a pp. with bromine, and on boiling B'EtI,aq. —■ Ethylo • platino - chlor%de 
a magenta colour. An ammoniacal solution B'^Et-FtClg. 8ilkyncodlea(Gunning,pr.G7,46). 
turns purple in air and finally green (Shen- Bronio-elhylO’bromide B3aq; 
stone).—2. HNOj (S.G. 1*2 to 1*4) forms a red from brucine and ethylene bromide at 100°; 
solution, producing ‘cacotheline’ C.,H 2 ..N 40 „, forms furcate groups of nacreous lamini® (from 
o:$alic acid, and methyl nitrite (Streckar, A, 91, ; water), AgNO, pps. half the Bn Moist Ag|,0 
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lomi the vfnt/h-hldroaiide B'0,H,OH 
which ii strongly aRiOfne; two o{ its salts 
we B',(C;^,Cl)^tcF ia B'C^^SO^HSaq.— 
Bromo-ethylo-plativrflchloride 


B',(OsH,Br),PtCl. (SohadU. 
AUylo-iodide B'CjIj' 


118, 207). 


I - chloride 
chloride 

... . ... . -Isoamylo- 

iodides B'O.H,,!,.— 

BTomo-hmcine C.,H 2 ,Brtf.O,. Formed by 
adding an alcoholic solution Xi' iftr to an aqueous 
solution of brucine sulphate'- Small needles 
(Laurent, A. Ch. [3] 21, 311: cf, Beckurts, B. 
18, 1238). 

Nitro.brucine 0j,II.j(N0..)0,Nj. Formed by 
nitration of brucine-mcthylo-iodide suspended 
In absolute alcohol. Largo red tritActrio crys¬ 
tals. Carbonises at about 210° without melting; 
sol. water. Salts.—B'lINOj: glistoning yellow 
needles, v. sol. water, si. sol. alcohol and ether.— 
B'jH.;CljPtCl, : fine yellow needles (Hanssen, B. 
HI, 620j. 

Amide. brucine C.jII.,(NH.) 0 ,N 5 . Formed 
by reduction of nitro-lirucine with tiu and IICI. 
V. sol. water. Not isolated. FojCl, produces 
a green colouration changing to brown. Very 
dilute KjCijO, 2 Woducos a fugitive blue-violet 
colour. Strong HNO, gives a yellow solution 
which is turned rod by 8 nCl,.~B"'H 3 Cl.,: 
colourless prisms.—B^lIjCIaPt-iC'li.* : yellow 
amoriihous pp. (Hanssen, B. HI, .';23). 

Sinitrc-brucine C.,H, 3 (N 02 ).j 0 |N 2 . Prepared 
by the action of UNOj on^gn alcoholic solu¬ 
tion of brucine. Bed amorphous powder. V. 
sol. water, si. sol. alcohol, insol. ether. — 
(B'HClljPtCl,: yellow pp. (Claus a. Eohro, B. 
14, 765). 

BRYONIN C,,n„„0|,|. An anioriihous bitter 
Bubstanco in the root of the reu-berried bryony 
{Bryonia dio'Cea) from whicljjjt fiiay bo extracted 
by boiling water. It appears to be resolved by 
dilute H.HO| into glucose and two amgri-'hous 
bodies, bryoretin CjiHjjO, sol. ether, and 
hydro - bryoretin C.„H ,„08 iusol. ether 
(Brandos a. Firnhaber, Braudes’ Ar. Z'/j.8,366; 
Walz, C. G. 1859, 5). 

BTICHU. 'Pile leaves of several species of 
Barosma growing at the Capo contain a volatile 
oil and a orystallino substance [85°J (Fluckige’', 
•PA. [3] 4, 689; Jones, Bh. [3] 9, 673). 

BUBETTB V. Anaiysis, p» 248. « 

BFTALANINE v. AMiDO-DHTTuffc acid. 

Ji-BBTANE C,n,„ic. CIi,.CH 3 .CH. 3 .CH,. Di¬ 
ethyl. Methyl-propyl. Butyl-hydride. Mol. w. 
68 , (1°) (Bullcrow. li. 1867, 363). 8.0.2-00. 

V.D. 211 (calc. 2 01 ) (Tlonalds, C. J. 18,64; 
Pelouze a. Cahours, A. Ch.*\i] 1, 6 ). 8 . (gas 

in alcohol) 18 at 14°. Occurs in petroleum 
(R.). Formed by tho action of Zn on EtI at 
160° (Frankland, A. 77^ 221; Schoyen, A. 130, 
238). Also, together with butylene, by heating' 
butyl alcohol with ZnCi^ (Wurtz, A. 93, 112). 
Prepared by tho action of sodium-amalgam on 
EtI (Liiwig, J. 1860, 397). 

lao-butane {CH,) 30 H. Trimelhyl-mclhane, 
Secondary butane, (—17°). H.F. p. 42,450. 
HJ'. V. 40,180 (2'A.). Prepared by slowly pour¬ 
ing fcrf-bntyl iodide into water containing zinc, 
tho equation being 2 (CH,) 3 CI + H^O + Zn- 
■« 2(CH,),CH + ZnO + Znl,. Also from iso-butyl 


iodide and A1,CI1, at 120° (EOhnlein, B. 16,663;. 
Colourless gas. • Chlorine converts it into 
(CH.),C.C1 (Butlerow, A. 144,10). Br at 100° 
forms di-bromo-butano (Carius, A. 126, 196). 
Excess ofBre.t 300°forms C„Br,(Morz a.Weith, 
5.11, 2244/ 

BTITAUH C-AEBOXYLIC AClD.v, Boiybio 
tew. 

Butane di-oarboxylic acid v. Pbopyl-malohio 

ACID, Iso-BBOPYL-MAIONIO ACID, MBTnYIi ETHYi- 
MALONIO ACID,ElIIYn-SOCCINIO ACID,two Di-MEIHYL- 
SUCCINIO ACIDS, AdII'IC acid, O-MBTHYL-OLlTTAnia 
ACID, and O-Methyd-ulutauic acid. 

Butane awic-tricarboxylic acid 
MeCII,CH(C 03 H)CII(C 0 ,II) 2 . Ethyl-JlWn^ 
tri-carboxylic acid. [119°]. Got by saponifying 
the ether with alcoholic iiotash (Pclko, A. 242, 
115). White rhombic crystals. V. e. sol. water, 
alcohol, ether, acetone, v. sol. chloroform.— 
Salts.—A"'.Jla 3 , insol. water and alcohol.— 
A"'Ag 31 Jaq, si. sol. water.—A"' 3 CaH„ insol. al¬ 
cohol, V. sol. water.—A"'Can2]aq.—A^jCaj, 
hygrosooiiic.—A^-ZiijOaq, v. e. sol. water, insol. 
alcohol.—A"'..Sr 36 aq. « 

Ethyl etheri.\.oGllflll(GO.,m)GB.(CO^i)^ 
(276°). (189° at 60 mm.). S.G.-I-]-1'065. Formed 
by acting on sodium malonio ether with a-bromo- 
butyrio ether in alcoholic solution (P.). 

Butane aaO-tri-carboxylic acid 
CH,.CH(C 03 H),C(C 03 H) 3 .Cn,. Bulcnyl - tri - 

carboxylic acid. [157°J. V. sol. water, alcohol 
and ether. On warming it yields s-di-mothyl- 
Buccinic anhydride [87°] (Bischoff a. Each, 
A. 234, 64). Salt s.—BujA'^V—Ca 3 A"'j. 

Ethyl ether Et,A"'. (e. 190°) at 60-60 
mm.; (273°-275°) at ordinary pressure. Liquid. 
Formed by flie action of n-bromo - propionio 
ether upon sodio-melliyl-m.alonio ether. By 
boiling with HCl it is converted intos-di-mothyl- 
sueeinic acid [189°] (Lcuckart, B. 18, 2346), 

Iso-butane tri-carboxylic acid 
Me 3 C\C 0 . 3 U)CIl{C 0 ..II) 3 . [I20°J. Prepared by 
saponifying tho ether with alcoholio potash 
(Bamstein, A. 242, 128). Needle-shaped crys¬ 
tals (from water). V. e. sol. water, alcohol, 
other, acetone, v. si. sol. chloroform, benzene, 
Iictroleum ether, carbon disulphide. Decom¬ 
posed by boiling with water, giving off COj. 
Salts.—K 3 A"' 2 aci. Quadratic prisms: v. e. sol. 
water, insol. alcohol. -Ca 3 A"' 29 aq: m. sol. water. 
—CaA"'„2aq : v. c. sol. water.—Si',A "'2 7aq. 

Ethyl ether Et 3 A"'. (181°-185°) at 30-40 
mm.; (279°-281°) at ordinary pressure (L.); 
(673°) (B.). S.O. 1001. Liquid. Foi-mcd 
by tho action of a-bromo-isobutyrio ether upon 
sodio-malonic ether. By boiling with UCl it is 
converted into «-di-mcthyl-succinio acid [139°] 
(Leuokart, B. 18, 2350; llarnstein, A. 242,126). 

Butane < 1111177 -tetra-carboxylio other C„Hj,0, 
i.e. (C 03 H) 3 .CH.«H 3 .CH...C»;C 03 n)-. (276°-280°) 
at 225 mm. Fori^d, togetlier with "trimethylene 
dioarboxylie acid, by the action of ethylene 
bromide on sodium raalrnio ether (Perkin, juu,, 
C. J. 61, 17; B. 19, 2038). Tho yield is veiy 
small. The corresponding acid splits up when 
heated into CO, and adipic acid. By treatment 
with sodium ethylate it gives a di-sodio-deriva- 
tive which by the action of bromine yields tetra- 
OH,.C(COjBt), 

methylene-tetra-carboxylicether I I 

OH,.C(OO^t)A 
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iM'bataae t«tra-oarbozyli« «tlier ' 
(OO^t),OH.OHMe.CH(CO,Et) 5 . (o. 311“) at 
SO mm. A by-prodaot in uie piepaiation of 
ethylidene-malonio ether from aldehyde and 
malonio ether; it is formed by the addition of 
malonio ether to ethylidene-maVnio ether 
OH,. 0 H:C(CO 2 b!t )2 (Komnenos, A.' 218, 158 j 
Claisen, J.pf. [2] 35, 411). The oonosponding 
aeid is split up by distillation into CO, and 8- 
methyl-glutarioaoidCO,H.CII.,.CHMe.CH.,.CO,H. 

Butane aa88-tetra-carboxylio ether 
(COjEtjjClIe.CMelCOjEt).,. Di-meih^l-acetyUm- 
tetra-carboxylic ether. H.O. 1-114. From 
sodio-methyl-malonio ether by the action of 
iSWBfttaimf chloro-ijncthyl-inalonio ether. From 
Bodio-etli^o tetra-oarboxylio ether and Mel 
(Bisohoff a. Eaoh, B. 18,1202; A. 231, 70). 

Butane tetra-carboxylic ether 
CH(C0.,H)j.C(0,H,)(C0.,Et)r Ethyl-acetylme- 
tetra-carboxyiic ae'ul. Thick colourless oil; 
formed by the action of ohloro-malonic ether on 
Eodio-othyl-malonio ether (Bischoil a. Bach, B. 
17, 2785). 

Butane hexa-carboxyBe ether 
C02Et.CH,.C(C0,Et),.C(C0Et),.CIE.C0.,Et. 
[67“]. Six-sided tables. From sodium ethane tri¬ 
carboxylic ctlicr (C 02 Et).,CNa. 011 -.C 0 ,Kt by the 
action of iodino or of (C0,l''.t).,CCI.CH,.C02Et 
(Bisohoff, B. 16, 1016; 17, 278ii). 

ISO-BffTANE SULPHINIC ACTD 
(CII,) 3 CH.CIL.S 03 lI. From iso-lmtano sulpho- 
chlorielo l>y zinc-dust (Pauly, B, 10, 012). 
liiquid. Itcduced by nascent hydrogen to iso¬ 
butyl mercaptan.—EuA'.. Plates (from alcohol). 

Jt-BUTANE SULPHONIC ACID C,H„SO,II. 
Formed by the action of UNO, on m-butyl mer¬ 
captan (Grabowsky, A. 175, 3li). Iliick syrup, 
V. sol. water and alcoliol, m. sol. ether. —AgA': 
plates. — Pb.A'j: plates, el. sol. alcohol. — 
PbA'„2Pb(OH),: crystalline powder, si. sol. 
water.—BaA’, aq: plates—CaA',, 2a(i. —NaA': 
plates. 

Isc-butane sulphonic acid 
(0H3)jCII.CH2.SO3lI. From iso-butyl mercaptan 
and UNO, (Mylius, B. 6, 978). Syrup. Its 
salts are r. sol. water.—Ag.A': scales.—BaA',: 
needles. 

Chloride CXSO,Cl (190’) (Panlv, B. 10, 
942). 

ISO-BUTENYL ACETATE CH,:CMo.Cll,OAo 
(120“) (Scheschukoff, J. R. 16, 502). 

BUTENYL ALCOHOI. C,II,0 i.e. 
CH,.CH;CH.OII,OII. (117°). A product of the 
action of iron and acetic acid upon crotouio; 
and tri-chloro-butyric aldehydes (Lichen a. 
Zeisel, M. 1,825). Ilf gives OTt,.CH,.Ctll.cn,. 

Isobtttenyl alcohol CH-rCMe.Clt.dH. (113°). 
S.G. ® 'SOOS. Formed 6y boiling isobulenyl 
chloride with very dilute K,CO, (Schoachukoff, 
J. B. 16, 499). Dilu^ H^SO, changes it to iso- 
butyrie aldehyde. lU forms fcrf-nutyl iodide. 

Ethyl ether CH,;CMe.CI]i|.OEt (78°-85’). 
From isobutenyl chloride and KOEt. , 

Sec-ifobntenyl alcohol CMegOII.OH. 

Methyl ether OMe,;CH.O.Me. Methyl 
ieocrotyl oxide. (70°-74°). From bromo-iso- 
butylene and NaOMe at 140°. Dilute n.,SO, at 
140i° gives HOMs and isobutyrio aldehyde (Elte- 
kofl, B. 10, 705 : J. R. 9,163). 

Ethyl ether CMo,;CH.OEt. (9.3°). Simi- 
Urly prepared (E.; S.; Butlerow, Z. 1870, 521), 


BirTENYl-TRI-A*f»E OHfOHjNH,),. 
(above 160°). From t( s nitrile of methane itl- 
oarboxylio acid CH(CS),il tin, and HOI. — 
B',3HjPtCl, (Fairlie, G! T. 16,362). 

BUIEITYL-BENZElE o. PiiENiL-BnivnENK. 

BUTElfYL CHIOB^a,'' o. CiiiiOBo-ncTYtEira. 

(a).BFIE}ryi,.CU|''ENi- O..H,FrC,H,. Iso- 
propyl-tnitenyl-bemdiA. (21.')°) S.G.' •8^75. 

Obtained from br'W-eumyl-valeric acid 
C„Ii“,Pr.CH,.CBrEt.Cv>.,UaTid N> .CO.Aq (Perkin, 
C. J. 32, 662). Fo; us a J'brof .do [77°]. 

( 8 )-Batenyl-ou)leno / H.l-r.C,U,. (2.35°). 

S.G. -- *889. Cui.iinic / dehydo (10 g.) sodio 
isobutyrato (5 g.) anclf isobutyrio anhydride 
(15 g.) are heated togotiicr. The nily product is 
distilled with water and then over solid KOI! 
and Na (Perkin, G. J. 35, 141). It forms a 
liquid dibroinide. 

BDTENYn-OLYCERIN v. Tui-oxv-nnTANR. 

DI-BUTENYL-EETONE v. Di-Aia.vn-AcaTOMii 
(p. 131). 

o-BUTENYL-PHENOL. 

Methyl ether 

C 2 :l]MeO.C,H,.CH:CH.CH 2 .Cn,. (233°). S.G. 
'0817; 55 '9710. From tho methyl derivativo of 
oxy-phcnyl-angclio acid by fluccn.ssive treatment 
with III and Na.^CO.,Aq (Perkin, G. J, 33, 213). 
Oil. Combinog with broJiiino. Forms a red 
solid with 

p . Butenyl - phenol. Methyl ether 
[4:1] MoO.C,11,.04H,. [17^]. (213'»). S.G. ^ 

•973. Prepared like the preceding (Porkiii, C. /. 
32, 671). 

o - Iso - butenvl . phenol C,oH,oO i.e, 
CJI,.CJ40U. (223°-225°). S.G. ^52 1 . 017 . 
Salicylio aldehyde (30 g.) sodic isobntyratd 
(22 g.) and isobutyrio uuhyih ido {iit g.) aro 
heated together for 4 hours. Water is added to 
the product, and tho oily bulciiyl-plionyl isobu* 
tyrato saponifiefFby alcolmlic KOIl. Tho alco¬ 
hol is boilctl olif, dilute HOI is addnd and tho oil 
which Roparatca is ciistilled (Porkiu, C. J. 35, 
142). i'roperties .—Oil, witli smoky and cedar- 
like odoui*. Sol. potash but insol. NH 3 . With 
salicylic aldehyde and cone. it forms a 

purple solution. 

p - Iso - butenyl - phenol C,„IX,.^0 i,e. 
Cjr-.CJI,.OH. (230°-235'"). Froan ^/-oxy-ben. 
zoic aldehyde, sodio isobutyrato and butyrio 
anhydride. Yield small (Perkin, 0. J. 35, 145) 
An oil which solidifies in a freezing mixture. 

Mcihil ether C,H-.0,H,.OMo. [9°]. 

(237°). From Arnisic aldehyde (20 g.), sodic iso¬ 
butyrato (15 g.) and isobutyrio anliydride (30 g.) 
by boiling at 180°. Tlio product is distilled 
with steam and the oil u irdover K/X),. Cooled 
by ice and llCl it soliddlfts. On oxidation it 
yields anisic and acf 'ic acid. 

0 ,. BUTENYL - STYBENE CJI,.CTT:Cn.C^H, 
(245°-248°). Pheny! hexiiicne. Cinnamic alde¬ 
hyde (10 g.), sodium isobutyrato (15 g.) and iso- 
b^tyrio anhydride (10 g.) ufo heated together for 
twb hours. CO^ comes off, and the residue is 
distilled with steam, washed with NH 3 , dried 
and rectified over Na (Perkin, C. J. 35,141). 

Properties. —Lighter than water. Eapidly 
oxidises in air, becoming a rosin. It combines 
with bromine. 

/so-EUTENYL-TOLYLENE-o-DIAMINE 
0,.H„N, iet. (158°). 
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Formed, together with I small quantity of tola- 

butyraldehydine shaking 

•a cold acetio acid solution of tolylene-o- 
•diamino (1 mol.) with ^ aqueous or alcoholic 
•solution of butyric aldmydc (2 mols.). Small 
'Colourless needles. V. yil. alcohol and other, 

• si. Bols-wator. Very bitrv taste (flinsborg, B, 

: 20,*1589). \ 

BUTINENE IV. CIL:CIl.Cri:Cn,. 

Erytlirnie, Vinyl • ethyi^nc. Fynulylcnc. 
Occurs in the liquid got liyVunprcPsiiig coal-gas 
(Caventou, J?. 6, 70; Orinumxia. Clocz, G. II. 
104, il8). l^’onned also (?) ry passing fusel oil 
through a red-hot tubo (Oavontou, A. 127, 09). 
Obtained by boiling eVythrito with cone, formic 
acid (5 pts.) (lloiiningor, B. 0, 70); and by 
the action of KOU on di-mcthyl-pyrrolidino 
mcihylo-iodide (Ciamician a. Mag^taglii, B. 19, 
669). A gas. It forms a tetrabromide [119 ’]. 
Pyrrolylone and the butinono from crythriio 
form also a second totvabromid(5 [lO^j so tiiat 
they are probaldy mixtures of two l)utiiienos. 

Butinene Cl^.CIL.CiCH. FAhiil-axftiiJcne 
Croionylcnc. (18 ’). .i'rom methyl etliyl ketotic 
by successive treatment witli alcoliolio KOlt and 
rcij (Bruylants.T?. 8, 412). Gives a wliito pp. in 
ammoniacal AgNOg and a yellow pp. in am- 
moniacal cuprous chloride. PhTcuric chloride 
solution gives a pp. of (0,ll,;).(irgOHgCh)a 
(Kutscherotf, B. 17, 21), whence ilOl produces 
methyl ethyl ketono. Tho same hiitincno 
appears to bo formed when a mixture of 
acetylene and ethylene ia passed through a 
rod hot tube. It forms a tetrabromide [113'] 
(Berthclot, A. Oh. [4] 0, 400; rrunior, Bl 
20, 72; A. Ch. [6J 17,17; C. B. 76,1410). 

Butineno C1I.,.C:C.CIT.,(?). Crotomilcne. 
(IfiO). From crude butylene bromide and alco¬ 
holic KOn (Caventou, A. 127* 317). From a^- 
di-bromo-butauo and alcoholic KOTl (Almodin- 
gen, J". li. 13, 392). Als(i»formed by distillin;' 
barium acetate with S (Pfanlviich, J, ;pr. [2J 
6, 110). ILSO., (3 mols.) diluted \1i‘d.h water 
(1 mol.) converts it into hexa-mctliyl-beiizene. 

ButineneC,U«. Caoulchhi. [-10'^]. (Id'^). 
8.G. r?-Gd. Formed by tho dry distillation of 
caoutchouc {q.v.) (Boucliardat, A. 27, 33). 

BUTINEKE GLYCOL v. Dr-oxY-im ( Yr.KNB. 

BUTONENE-AMIDO-PHENYL MEBGAP- 
, TAN G,,H,2NaS3i.c. 

[137^J. 

From amido-phcnyl-o-moi'capla?i and succin- 
amide (Hofmann, il. 13,1231). Needles (from 
ttlcoliol).—IVHAuCl,. 

BUTYL DERiVATJ[VES of liydioxylio com¬ 
pounds ai'O described um^cv tlio compounds of 
winch they nvo the ethers. 

DI-BUTYL V. Octane. 

BUTYL ACETATE CJI,..0, i.e. C,TT„.OAc. 
(121-5'’). S.G. 8 -9016. C.E. (O’-IO ") -OOllS. 
S.V. 150-6 (Gartenmeister, A. 293, 259). Errtn 
butyl iodide and AgOAo (Liebcn a. Itossi, A. 
158,170; Linuemann, A. 101,193; Pribram a. 
Hand!, M. 2, 093). 

Isobutyl acetate (CH 3 ).,CH.CU,.OAe. V.D. 
4-073 (oalo. 4-017). (ll()-3°) (Elsiisser, A. 
S18. 826); (117“ cor.) (Perkin, C. J. 45,495; 
,(112-8“) (B. Sohiff, A. 220, 109). S.G. § -8921 
,(E.); ^ -8774; -8088 (P.). C.E. (0“-10“) 


•001137 (B.). M.M. 6-623 at 10®. S.V. IfSMO 
(B.); 1S2-6 (S.). Formed from isobutyl iodide 
and AgOAo, or Wf distilling potassium isobutyl 
sulphate with KOAo (Wurtz, A. 00,121). 

Sec-Butyl acetate CH,.CHs.OH(OAo).OH,. 
(112“). S.».2'892. From scc-butyl iodide and 
AgOAc (Dd Luynes, J. 1804, 501; LUben, A. 
150, 112). 

Tertiary Butyl acetate (Cri 3 ) 3 C.OAo. (93“- 
96°). From the iodide and AgOAo. Keadily 
saironilied by baryta-water (Eutlorow, A. 144, 7). 
ISO-BUTYL-ACETIC ACID v. Hexom Aom. 
ISOBUrsfL-ACETO-ACETIC ETHER t). p. 24. 
BUTYL-ACRIDINE C„II„N t.e. 

CjII,^ I > 0311 .. From valeric acid-\o5 g.), di- 
'N 


phcnylamine (30 g.) and EnCl., (50g.) heated 
gradually for 20 hours up t<i ‘220 ’ (Ecrntliscn a. 
J. Traubc, A. 2-21, 41; it. 17, 1508). 

Salts.—E'lICl [191“J: yellow columns, T. 
sol, water or alcohol, very dilute solutions show 
hluefluorc.sccncc. Insol..ethcr.—il'IINOj [139°].— 
E'H 3 CrO, [c. 100°J. 

Dihydricle 0 , 311 ,:.'l(C,Tr,,). L08°-100°J. Got 
l)y rudneing the hyilrochlorido with zinc-dust. 
White plates (from alcohol). 

BUTYLACTIC ACID v. Oxv-BUTvnro acid. 

BUTYLAL 7;. Eirrvuic ALDEiivnE, 

BUTYL ALCOHOL C,ll,„(). Mol. w. 7-1. The 
four butyl alcohols indicated by theory are 
known. 


7r-Butyl.alcohol Cir,,CH...Cn,.CII.,On. (IIT” 
cor.). S.G. s -82,-(3 (Zander, A. 221, 79); -8096 

(liriihl, -4. 203, 10). H.8-3. O.E. (O ’-IO ') -00087 
(Z.). t-lOtO. S.V. 101-6 (Schiff, A. 2‘iO, 
101). Ho- 35-45 (15.). Critical pnnt 287“ 
(Paulcwsk^ 1}. 16, 2631). 

Occurrmce.- In the heavy oils from brandy. 
It is com|iletely ab.scnt from tho products of the 
fermentation of sugar with elliptical yeast 
(Claudou a. Morin, 0. It. 101,1187). 

* Formation. —1. From butyryl chloride, butyric 
acid and sodiiini-amalgain (Sayt/.olT, .7. yj/-. [2J 
3, 70). 2. llytlio fennenlation of glycerin by 
a Sciiii'oinycrtcs or by certain Bacteria i‘a pre¬ 
sence of C.-tCOj and ammonium tarti-ato; n- 
butyrio acid and a little alcohol are formed at 
the same time (Fitz, B. 9,1318; Vigna, B. 16, 
1138).—3. A product of the reduction of butenyl 
alcohol (Lichen a. Zoiscl, M. 1, 825). 

Prciiaratioii. — From butyric aldehyde, 
w-atcr, and sodium-amalgam (Ijicben a. Rossi, 
a. It. 68,1561; 78,1.761; A. 151,121; 168,137; 
165,115; G. J. 21, .516; Linncinann, A. 161,179). 

Properties. —Lifjuid. Separated by CaCl, 
from aqueous solution. On oxkbation it produces 
butyric acid. Fused ZnCI. forms the two «- 
hutylenos (Lo Bel a. Greene, G. li. 89, 418). 

Combination. - (CjH,„0)3CaCl3 (Heindl, M. 

2 , 200 ). < 

Iso-butyl alcohol (CH,). 3 CH.CH 30 H. (106-6“- 
106-8“) at 763-2 mm. (It. Sohiff, A. 220, 102) 
(W8“) (Linnemann, A. ICO, 238). S.G. '-I? -8062 
(Bruhl); « -8069; ?3 -8009 (P.). 8. 9-6 at 18®. 
S.V. 101-63. H.P. p. 71,150. H-F. V. 68,680 
{Th.). yyl-mi. R a, 35-41. M.M. 4-936 at 
17-7“. 

Occurrence.—In fusel oil from beet or pota< 
toes and other sources (Wurtz, A. Oh, [3] 42, 
129 ; A. 85, 197 ; 93, 107 i Q. If. 86, 810). 
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__.jlangelateandisobDtjrateooourinBoinatt bat the presecee o{,¥trac 8 of HC!, HBr, or 

0 ^ of ohamoBiile (Edbig, A* 195,96). * espedallj HI, is suffir ' it to split it ap, forming « 

S'ortnatiotu —1. Isooutylei^ oombiaes with pseudobutrleno. TJ) ; reaction eommenoea at 
ClOH forming (OH 9 )g;OCl.CH^H, which is re> 220^ and is complete 1.5 Ar 6 hours (Bongaieff 
daoed by sodium amalgam and water (Butlerow, a. Wolkoff, BL [2] 45 : 9). 
il. 144, 24).—2. Isobutyl alcohol is nrodiiced by Tertiary butyl av^hol (CH.,)80.0H. Tru 
the action of Badllus butijlictis rpon sugar, mcthyl-carbinol. [25"^’ (89” cor.). 8 . 0 . 22.779 

glycerin, Ao.^Yen in presence of 8 p-c. alcoliol (Linnemann); ‘7' ► (Butlerow); ^ *780; 

(Ordonneau, t?. ii. 102, 219 ; Claudon a. Morin, ^ *780 (Bruhl); } • '7701 J^evlijn), 

O. i*i.l04, 1187). MM. 5-122 at 24-9”. ' l-9;i2 \‘. Il ^ 35 53. Or*. 

Properties. — Liquid; smelling like fusel oil; point 295° (Pav (.‘wsUi. ]i. 10, 2(>94).‘ 

separated from its aqueous solution by CaCl.. Fornudion.—!. ano, luc^lliide (2 inols.) and 
The *^rate of etheritication has boon-studied by acetyl chloride (J niol.) mixed at 0\ form, 
Mensohutkin (il. C/i. [5J 29, 11). after some 1k .it , a orystulliuc compound, 

Reactions. — 1. CrOj produces isobuiyrio, CH3.CMe(()7uiM<'),\lc, whicli is ilocomymsod by 
•Bfetl^miicarbonie acids, and acotonc (Knimer, water into tertiary butyl alcoliol, Zn(OJl).^ afid 
B. 7, 252 f^chmidt, B. 7, 1901).--2. Distilled Cll, (Butlerow, Z. 14 i, 1 ; Wa-mor a. SaytzelT, 
over zinc-dust splits up into isobutylene 175, 901; PawlolT, .4.1.S8, 118),- 2. Together 
and HjO (Jahn, B. 19, 989)-—9. Dropped with isolmty^alcohol by treating isobutyl iodide 
upon fused ZnCB it forms isobutylouo and with acetio acid and Ag,9) (Liuneniann, A. 102, 
CHj.OH:CH.CHj (Be Bel a. Greene, Am. 2, 29). 12; Butlerow, A. 108, 149).- 9. Kroiu isobutyl- 
4. Heated with ammonlacal ZiiCl.^ at 200°-280° amine and JINO.^.—4. Prom isobntyl cyanate 
it yields a mixture of mono-, di-and tri-isobutyl- ami KOH (Binnemanu, A. 102, 12). — 5. From 
amino (the latter in sniirtler euaiitity), the yield tertiary butyl iodidti {q.v.) and water, oven in the 
of mixed bases amounting to 50 to 70 p.c. of . cold (Dolibin, C. J. 37, 298).—0. X mixture of 
the alcohol used (Merz a. Gasiorowski, B. 17, ^ ho- and tort- butyl chlorides is gut by heating 
623). isobutyl alcohol willi HCl; when healed with 

Combinations .— (C4H,,0)3CaCl2 (TIeindl, At. water (0 vols.) at 100 ’ the chloride of /erf-butyl 
2, 208). alcohol is the only one converted into its alcohol 

Metallic derivatives. — KOCJIj,. — (Freund,/. jm*. [2j 12, 25). 

Na 004 H,,(C 4 H,„ 0)3 (De. Forcrand, (7. li. 101, Preparation .—Liquid isobutylene is scaled 

169),-«Ai^(l)C,ll,,),. [140°J. 8 .G. - '9825 (Glad- j up witJi twice its volume ot a mixliim of equal 
stone a. Tribe, O. J. 99, (5). From A1 (1 g.), : parts of water and sulphuric nci<l, and the con- 
iodine (2g.) and isohiityl alcohol 40 c.c. at 100^. tents are left till lioino;;enf()us and llien distilled 
The yield is good (lOg.). Once fused itremains (Butlerow, [^2] '' 297 ; -1. 189, 2l9). 
long fluid at 70 s i Properties. Trniiefric prisms. Forms a 

Secondary butyl alcohol ■ hydrate (C,II,oO).JI..O which boils at 80^ (But- 

CHs.CH,.G(Oll 3 )lI. 01 B Alclhyl-. l-yl-carhiiiol. lorow). 

Butylene hipirate,. (99°) at 740 mm. 8 .G. ” L’eaefions .—1. CrO;, mixture gives avdone 

*827 (Lioben, .4. 150, 111). tfigeliier with .acntic, carbonic and a little iso- 

Formation. — 1. From •Ji-butylaminc by butyric acid <ThCiero\v, /. l87l,485).--2. Heat- 


nitrous acid; at the same time .some i/ butyl 
alcohol is also formed (Linnemami a. Zoila J. 
162,3; Meyer, il. 10, 199).—2. By treating 
the oomyToiind of IICIO with i.sobutybuic, 
0 H3.CHC1.CH(0II).CII„ with sodium amalgam 
(Lieben, A. 151, 121), —3. By tlic action of zinc 
ethido on glycolic iodliydrin (Butlerow a. O.-^so- 
kin, A. 145, 209).—4. Symmetrical dichloro-di- 
ethyl oxide, (Cll 3 .CHGl).iO is converted byZiiBt., 
into (CH^.CHEt)..0, a butyl ether which, on , 
treatment with III at 190^ gives secondary butyl j 
iodide (Lieben, A. 141, 290 ; Kessel, 2 l. 175, 41). I 
6 . Zinc ethide forms a crystalline compound 
with aldehyde, Cli 3 .CHEt( 0 ZnEt), whicli is de¬ 
composed by water into secondary butyl alcoliol, 
ethane, and Zn(011),_,. (Wagner, J. R. B, 37; A.\ 
181, 261).—6. From formic other by treating 
with amixtureof ZnBt^ and ZnMo^ and rlooom- 
poaing the product with water (Kanonnikoll a. 
Saytzclf, A. 175, 374). 

Preparation .—butyl iodide {q.v.) 
is treated with silver acetate rtid the product 
saponified by potash (Do Luynes, A. 128, 93^; 
132, 274). 

Properties. —Liquid with strong odour, ppd. 
from aqueous solution byKjCO^. 

JR^ctions. —1, Oxidises to inethyl-ethyl- 
ketone and acetic acid (SaytzelT, Z. 6, 327).— 
2. The pure alcohol is unaltered when heated at 
240°>250° during 8 to 1C hours in a sealed tube, 
Vox. L 


ing with jifhydrras Ik.Cd), produces butylene 
(Oahours a. J.)<‘inarvay, C./B 89,991). -9. AVlicn 
taken ihP'riially it is excreted iti tlic urine as 
biityl-glycuronic acid G,,,11,^0, (Tliierfelder a. 

]\I< ring, IT. 9, 514) whicJi is decoTiiposod by 
boiling dilute JICl into tcrt-hniy\ alcohol and 
glycurom'c /n-id. 

DI-ISOBUTYL ALDEHYDATE v . p. 105. 
ISO-BUTYL ALDEHYDE v. Isouurynio 

UYDK. , 

ISO-BUIVL-ALDOXIM t>. l.soBUTYttio aldb- 

iiYm:. • 

ISO-BUTYL-AMID 0- ISO-BUTYL - BENZENE 

CJI.,.NH.C,.n,.C,Hy. (260‘’ 270'). b’rojri aniline 
hydrochloride (19 g.) a 11 .I i^.o - butyl alcohol 
(i9g.) at 290° (Sluder, J. 211, 240; B. 14* 
1479). Oil. Does r '»t give the carbamine reac¬ 
tion. 

Nitroso-deriia live S.G, *991. Solidi¬ 
fies on keeping. 

Acetyl-derivativc.'^^l-V^]. (above 300°), 
N^Hlcs (from benzoline).,, 

BUTYL-AMIDO-TOLUENE v. Metiiyl-hdxyi*- 

PirrNYK-AikriNR. 

71 BUTYLAMINE C,n„NH. i.c. Pr.CHyNH, 
Mol. w. 73. (76”). S.O. a -755, *799. 

Furviatim.—i. From butyl cyanato and .. 
KOHAq (Lieben a. Bossi, A. 158, 172; Meyer, 

B. 10,131).—2. From butyroriitrilo by reduction 

TT 



C42 BUTYLA-SIINE. 


(Linoemann a. Zotta, '*4. 162, S). — 3, From 
nitrobutane, Sn and IK ! (Zdblin, B. 10, 2083). 

J^rc 2 ?criws.—Mi 8 mbl [ with water; dissolves 
Ireshly ppd. Cu(OH)|ar Ag-^O. Reduces alka¬ 
line solutions of copped silver, and mercury. 
Nitrous acid converts it Pito sec-butyl aicoliol.— 
Platino-ohlorido {fcnCl)oPtCl,: yellow 
crystal^ne plates, m. sol.rokl water. ' 

(Primary isobutyl-amir e rr.Cir^.NII.. ((» 8 ^) 
(R. SohilT, B. 19, 505). S.\ .1^ *730. S.V. lOO lG 
(S.). H.F. p. 3B,-100. IIV. V. 35,500 (Th.). 

Fonnaiion .—1. Ry distV'ing potassium iso- | 
butyl sulphate with potassiu^ oyanato and treat- j 
ing tITo product with KOTI ^’’urtz, .1. 03, 3‘J l; i 
Linnemann, A. 102, 23), -2. 13y lieating iso- ; 
butyl bromid(fwith alcoholic NTI, and sejiaratlug ^ 
the mono-, di-, and tri- butyhiniines l>y oxalic ! 
ether (Reimcr, B. 3, 75G; Hughes a. Ihhncr, /7. : 
7, 611; Malbol, G. fL 101, 03, 228'^ On heating ! 
isobutyl chloride with ammonia (molocniar pro- 
portions) in isobutyl alcoholic solution or in 
aqueous solution very nearly similar results 
arc obtained ; namely one part of niono-I)utyl- 
amine, four of di-, and five j»urts of Iri-huiyl- 
amincs (M.).—3. Formed, logellier wKli di- and 
tri- isobutylamine, by Jicating isobutyl-aleohol 
with ammoniaeal ZnCl;. at 200 '- 2 H 0 '"; the yield 
of mixed bases amounts to 50-70 ]ne. of tho 
alcohol used (Merz a. (Jasiorowski, JJ. 17, 023). 

4. By ro(lueiv»g nitro-isohntanc {Demole, 

175, 142).—5. A mixture of equal luols. of valer- 
amide (ordinary) and bromine is run into an 
excess of a 10 p.c. solution of KOTI at 00'^; the 
yield is 90 p.c. (Hofmann, B. 15, 700). 

Salts.—imci. [lOO'J. S. 133 at 15‘».- 
(B 7 ICl).PtCl 4 : microscoijici rhombic tablets.— 
B'HAuCl^.—S u 1 p li a 10 : cauliflower-like groups 
of needles, not deliquescent. 

Secondary butyl-amine 

CH,.CH 2 .CH(NH.j).CH 3 . (63'y. From dilute 
H. 4 SO 4 and sec-butyl thio-carbimido ^from vola- j 
tile oil of scurvy-grass) /,J{o>man, B. 7,1289). | 
Also from tho iodide or cyanate (Hofmann, B. 1 
7 , 513).—4, i 

Tertiary* butyl-amine Mo.,CNII.> (46*^ cor.). 

5. G. *7155; -7001. C.K. (0'^-7*8‘") -0014. I 

Formed together with isobutylamino by the 
successive action of silver cyanatc and aqueous ^ 
KOH on isobutyl iodide. Colourless ammoniaeal 
liquid, attacks indiarubber and corlc. Mis(;ible 
with water, but separated by K.CO 3 or KOI! 
from its solution (Brauner, A. 192, 72 ; c/. 
Linnemann, A. 1(52, 19 ; .Hofmann, 5. 7, 513). 

Salts.—B'HCl melts at [-70'^-280°J and | 
boils soon after. On solidifying it increases 
greatly in bulk.- (BHCl)aPtCl,. Large inono- 
olinio prisms (froth alcohol).—B'HI. -B'HNOs. 
Sulphate', six-sided i^risms, not deliques<xiut. 

Di-»-butyl-amine ( 1 ‘r.CHJ.iNH. (1(50'’). 
Formed, together with n-butylaminc, by treating 
butyl cyanate with KOH (Liebcn a. Rossi, A. 
158, 175). Convened by nitrous acid into 
primary and se<!onaary w-butyl alcohols apd 
n-bulylene (Meyer, B. 10, 130).—B'.JI.PtOl,. 
Nilroso^ derivative (C 4 H,) 2 N.NO. (236‘^cor.). 

Di-iso-butyl-amine (Pr.CJl 2 ).,bIH. (137°). 
Formed, together with mono- and tri- iso-butyh 
amine, by heating iso-butyl alcohol with am- 
moiiiacal ZnCIj at 2()0°-280°. The secondary 
amine is isolated from tho mixture of bases 
(which amounts to 60-70 p.o. of the alcohol 


usi3d) by means of its nitrosamine (Merz a. 
Gasiorowski, B. 17, 623). Prepared by healing 
iso-butyl iodide ca bromide with alcoholic NH, 
to 150° (Ladenburg, B. 12, 918). Butyl iodide 
(I mol.) in tho cold acts upon di-isobutylamine 
(1 mol.) for^. ing di-isobutylamine hydroohlorids 
and free tririso-butylamine (M.). 

Salts.—B'HCl: plates or scales. S. 62*6 at 
15°; S. (ether) 07 at 15°; H. (alcohol) -06 at 14° 
(Malbot, C. R. 101, 366). — B'^PtOlc. — 
R'jrClAuCl;,. Yellow tables, sparingly soluble 
in cold water. 

Nitroffi- derivative N(NO)(C,H„).,. [0°]. 
(2l3’-210°). Oil. Prepared by the action of 
KN'O.^ on a solution of cii-isobutylamino hydro- 
chlonde. 

Teri,iary di - butyl-amine i.e* 

(CMe;,).NH. From tertiary butyl iodide and 
tertiary butylatniuc at 50’. But above 70° iso¬ 
butylene is given off : C,1I„NII2 I C,1I.,I - 
C 4 ii, (-C,n„NlI.,,lH (Uudnew, 7//. [2J 33, 29i»). 

Salt.—B'Hl. Very solul)le in water and 
alcohol. Converted potash, or even boiling 
wat<'r, into tertiary butylamine. 

Trioi-butyl-amine Mol. w. 185. 

(e. 2L;r cor.). S.G. ‘■‘’•778. From n- 

hulyl io'lidc and NH, {Lichen a. Rossi, A. 105, 
115).-B',lIl’tOI,. 

U’Jiuti/lo’iodide (C,U,,),NI: plates (Lie- 
bon a. Rossi, A. 165, 113). 

Tri - isobutyl - amino (PrCII,};,N. (185°). 
S.G. -785 (Saehtleben, />. 11, 733). Formed, 
together with mono- and di- iso-butylaxninc, by 
healing isobutyl aicoliol with ammoniaeal ZnCI.^ 
at 2(iO°-‘2.S()°, Tho tertiary aiiiine is isolated 
from tlio mixture of bases (yield 50-70 p.c. 
of tlie ale(diol) by means of its sparingly soluVde 
feiTocyanid() (Merz a. Gasiorowski, /7. 17, 023). 
Also from di-iso-butylamine atid isobutyl bro¬ 
mide. Also from isoluitvl io<lide (1 mol.) and 
NJ:I,,A(] (1 mol.) at 160° (Malbot, C'.B. 105. 675). 
Boc-s not ml.x with water. With isobutyl bro¬ 
mide it gives off butylene and forms tri-iso- 
butylamine hydrobromiilo (Ib imer, B. 3, 757). 
Isohutyl iodide (I mol.) at 1.80’ forms liydriod- 
ides of di- and tri-isobntylaminc and butylene 
(M.). Isohutyl chloride (L mol.) at 170° givea 
puvo di-isobutylaniine hydrochloride and butyl¬ 
ene. 

HaUs.-BMICi, B'.HNO, and B^^.H^SO^ are 
oxtromely soluble.— (R'nCl) 2 PtCl 4 orange plates, 
sol. hot water.—B'HClAuCla: amorphous, iusol. 
water. 

Tert - BIFTYL - Wt - AMYL. AMINE 
(C,H„)(CJIj,)NII. Tho iodide of this base ia 
formed by tlic slow action of tertiary amyl 
iodide on tertiary butylamine in tho cold. It is 
very unstable, being (l(!eojuposed by solution in 
water (?) (RudnelT, JU. [2] 33, 297). 

n - BUTYL - ANILINE i.e. 

C 6 TT^.NHC 4 TIo. (235° at'720°). Colourless oily 
fluid. Easily Volatile with steam. 

^ Salts.—B'lICl: very soluble white needles. 
—B'llNOj'*: easily soluble.—B' 2 H 2 S 04 ’‘: easily 
soluble fine white noodles. 

Acetyl derivative CflH 4 .N( 04 H 9 )Ac; 

(274°) at 718 mm., colourless fluid, 

Nitrosamine C 4 H 4 .N(C 4 Hj,)NO: yellow 
fluid; easily soluble in alcohol and ether, tn> 
soluble in water (Kahn, B. 18, 3365), 
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l 80 batyl-aaiUuePr.CHj.NHPh. (242'^) (C.); 
,'226°) (N.). S.Q-. ‘026 (G.). From isobutyl 

bromide and aniline (GianoOti, O. 12, 268).— 
B'HCl.— 

Acetyl derivative {2C7°)fc(Noltmg, J, 
1883,703). \ 

p^Nitroso-derivative 

• >NIT.CrT.I*r 

fia] c«H,(NO).Nncn,Pr or c,n,<'! >o 

[94°]. From isobutyl-aiiilino, TICI, and NaNOj 
(Wacker, A, 213,297). Sti’.cl-bluc c^'.^lals, v. sol. 
alcoiiol, si. sol. water. Ileaciions.-^. Hcdncfion 
givesisobutyl-])lienyicne diamine.--2. Tiiechbn'- 
4 il 0 '||^eJ witii aijuoous NaOJt gives iso-biilyl- 
amineamjif)-nitvoso-phrnol.—.‘b llCland N;iXO^ 
give a nitrosanhno CJldNO).N(NO).CH./IV 
crystallising in bright gri'oii plates, v. sol. 
alcohol and ethor, iusol. water. 

Di-isobutyl-aniliiio (PrCILloNPIi. (o. 218 '). 
From aniline and isobutyl bromide (Stndcr, A. 
211,235). 

DI-BUTYL-ANILINE-AZYIINE v. Di-hnlyl- 
amido-h(‘n.:e7ie-\y.o-(li-huliil-(i>iiline. 

BUTYL-ANISOL v. Mdhi/l ether of JJutyl- 

PnENOL. 

ISO - BUTYL - ANTHRACENE 0,^11,, i.e. 
/C(ojgv 

i ['IV®]. Fluorcseeiit 

\cn / 

noodles. Proparod by the action oE zinc-dnst, 
isobiityl bromide and NuOfl on antlira'jiiinone 
(Liebcrmarm a. 'robias, Jh 11, 8U2; A. 212, 
107). Tlio picric acid compound for?ii3 
long brownish-red noodles. 

j. From 

isobutyhoxanthranol, III,and r (ij.). Oil; oxi¬ 
dised by CiOa ill HOAo to isobntyl-oxanthranol 
and finally to anthixuiuinono. 

BUTYL-ANTHBANOL-DIHYDRIDE 

CA<cn(C.H,)>^-^‘*<' 

quinone, aijncous NaOII and zinc-dnst, boiled 
for some time and then iso-butyl bromide added 
(Liebormann, A. 212, 103). 

ISO-BUTYL-ANTHRANYL CHLORIDE 

pared by the action of PClj on isobutyl-oxantlira- 
nol (Lieberrnann a. Walder, B. 14, 4H3). 

n-BUTYL-BENZENE CJl^, i.e. G,l£,.Cir,Pr. 
Plienyl-hutane. (180 ). S.G. -- *H62. From 
n-propyl bromide, benzyl cliloridc, and 
(Iladziszewski, B. 9, 2G0). Also from n-but.yl 
bromide, bromo-benzene, and Na (Balbiaiio,/A 
10, 290). 

Brominalion .—By the action of bromine in 
, the dark, or in presence of iodine, the product 
is probably a mixture of o- and p- bromo-bntyl- 
benzene. By tl. ■' ‘.at'ilni of bromRie in direct sun¬ 
shine, the substitution tak(!S p^ice in the y-posi- 
tion of the side-chain giving C,jH.,.CriBr.C;,II, 
or CflHyCBr.j.CaH,. If the y-mono-brorno-efbri- 
vative is further brominated in the dark at 100° 
the second Br atom probably enters the posi¬ 
tion, the product being identical with the butyU 
cne-benzene-dibromido [70°] of Radziszewski 
(Schramm. B, 18,1276). 

ISO-BaiYL-BENZENE C«n,.CH.Pr. (167°). 
S.a. fl ‘880 (G.); *868 (B.). V.D. 4-72 (G.). 


Fomuiiion ,— 1. Fij m isobatyl bromide, 
bromo-benzene and 'a (Rioss, B, 8, 779 j 
Wreden a. Znatowiczj lA 0, 1606).—2. From 
benzyl chloride, isoprr» yl Podide, and Na (Kbhler 
a. Aronheiui, B. 8, Sf/).—3. By the action of 
50 g. iso-bulyl chlo'/ lo on 150 g. benzene in 
prosenco of about 5^ g. A1._.C1, (Gossin, Bl, [21 
, 11, 446).—4. By lie.'* uig benzene with^isobutyl 
alcoiiol and ZnCl. 1 Joldsclimidt, 7?. 16, tt)66). 
5.•By di.stilling in- ;r />- i^ojjiityl-bcnzoio acid 
with lime (Kelbe a .’IViCb r, B. 19, 1728). 

Properties.—C' .ourle.;s liquid; GrO.,oxidises 
it to benzoic aeii Passed ovr rrd-liot PbO it 
forms naphtbale e. 

,8Vc-butyl-bnnzono CH3.CIT.,.011(0,TT).CH,. 
(171^). S.G. •873. From 0 K,.CllBr.CH5 
and ZuFt. (B.ailziszewskv, B. 9, 261). 

(a)-n-BUTYL.BENZENE SULPHONIC ACID 
C,;l t,(01T._.P^S< >.,ir. Formed by siilpbonaling 
7<-biityI-benzene (Balbiano, 6'. 7, 313).-BaA'j: 
small lamime, si. sol. cold water. —ZnA'o7aq.—' 
PbA.aq.—MnAVlaq. 

((8)-7i-Butyl-beiize2ie sulphonic acid. Formed 
at the same lime us the jjneeding (B.).— 
BaAV2aq: nodule.^, more soluble than the Ba 
salt of the (a).acid.—l*bAV2aq. 

A;o-Biityl-bcnzene-8uli)lionic acid 
C,;>l,(0,n,,)..SO|ll. Formed by ruljdionation of 
isobutyi-bonzi:!io. AVBa2aq : glisleiiijig plates. 
—A 9 v aq : ])lales. 

Amide G,iH,(C,ir,,).SOoNiP: [137-']; glistcn- 
iiU' needles (Kellie a. I’feiil'er, fh 19, 1728). 

BUTYL BENZOATE r. p. 170. 

BUTYL BENZIMIDO-ETHER v. p. 479. 

m-ISO-BUTYb-PENZOIC ACID 
C,-H,(C,,ll,)C()JI [1:3]. [127'J. Long stout 

n« edb‘s. Formed by oxidation of 7a-isobutyl- 
toluejie with dilute UNO;,. By fiirtlier oxida¬ 
tion with dilute UNO;, at 170 ’ 200 ’ isopothalic 
acid is fonned Gives anitro- derivative [140°].— 
AgA': wliite j>p. 

Amide G„11,(G;\).C0N1I.,: [130'’];hair-fine 
iicedF' from water (Kelbo a. Pfeill'er, B. 19, 
1725). 

27-Isobutyl-beEzoic acid CeII,(C^no).CO-.H 
[1:4]. [164°]. 

Formation. —1. By oxidation of p-isobutyl- 
tohiene with dilute UNO;,. By furtlier oxidation 
witli dilute UNO., tereplitluilic acid is formed 
(Kolbea.PfcilTer, 77. It), 1725). 2. By saponifica¬ 
tion of its nitrile (Paid, JJ. 17, 1237). , 

iVf’/'c/-ilonoeliiiio crystals; gives a 
nitro- dv^rf apvc [16 c°]. 

Salts. — AgA': wliito fiocculent pp.— 
BaA'naraq: jdate,-?, sol. Iiot water.- CaA'a-Taq: 
si. sol. c<ild water. 

Amide C,,U,(CJJjVCONIl 3 : [171°]; long 
hair-fine needles water). 

Methyl etiiL-r McA': (247°); oil. 

Nitrile C.1!,(0,H..).CN. (219°) (G. a. M.); 
(244*^) (K.); (238') (P.). V.D. 6‘47 (oba.) (K.); 
5*35 (obs.) (P.). Coloui^oss oil. Formation.— 
%, By distilling the formyl derivative of isobutyl- 
idienyl-amine with zinc-dnst; the yield is about 
12 p.c. (Gasiorowski a. Mtirz, B. 18, 1009).—2. 
By healing p-isobutyl • phenyl -thio - carbimide 
with copper powder at 200° (Pahl, B. 17,1236)* 
3. Formed by heating tri-isobutylphenyl-phoa* 
phate with dry KCN (Kreysler, B, 18,1707). 

ISO-BUTYL-BENZOTL-ACETIO ETHEEv.p. 
482. 

tt 3 
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MO-Btrm BOBA^ B(OOA),. ( 212 »). 

Formed b; heating B,u, vith isobutyl aloohol 
for S hours at 110°^ dims with green dame. 
liisoL water and slowy decomposed by it 
(Counoier, J. pr. [2] 18,1582). Not actod upon 
by ammonia. \ 

Jt-BUTYL BROMIDE li.H.Br i.c. 
CH,.OH..CH,.CHjBr. (IflV' cor.). S.G. = 1-305; 
*2 1*299. From n-butyl\ alcohol, Hr, and P 
(Liebon a. llossi, A. 16», 161). With Bi» .at 
150° it gives C,il,Br 2 (loyi°) (Linnemann, A. 
161, 199). With brominehcontaining iodine 
at 2d)0° it reacts thus V/3.,If„Ih'+ 8Br.,,..= 
2C;Br, + 9HBr (Merz a. Weitl\ T>. 11, 2-211). 

Iscbutyl ^romide l’r.CH...Br. (92°) (L.); 
(91°) at 708 mm. (Hcfiill, B.' 19, 563). S.O. 
1-2722; §:■ 1-2.598 (I’erlrin, C. J. 45, 457). S.V. 
110-39. M.M. 8-003 at 16° (F.). From the alco¬ 
hol and III or P and I (Pierre a. Pfichot, /. I'/;. 
[4} 13, 9; Wurtz, A. 93,11-t; Clmpman a. Smith, 
C. J. 22, 153). At 220’’ it partially chan^t^s to 
tertiary butyl broinido (pjItokolT, B. 8, 1211). 

Tertiary butyl bromide CAfo.,!. (72‘^). 
S.O. ^ 1-215; 1-2020; § l-lSOi V.IX -I*? 

(obs.). M.l\r. 8*238 at 18“. From isobulylouc 
and IIBr (Koozoboom, B. I'j, 2390). From 
tri-mcthyl carbinol and PBr^ (Uoboul, C. 7?. 1>3, 
G9). 

Bt'aclionfi. —1. Keadily decomposes into HRr 
and isobutylene. Thi.^ occurs wlioti it is treated 
witU A^'.jO, with KUO, with NKt.„ or with Zn 
and water {llntlerow, Z. 1807, bl't'i).—2. With 
ZnO it forms tri-i.iobutylenc, —3. ^Vith 

water, even in the cold, it forms tertiaiy butyl 
alcohol. *■ 

BUTYL BtTTYKATE v. Butyjuo acid. 
ISO-BUTYL CAREAMINE C.II.NC. (c.llO^). 
S.a. A -787. rreparation and properties like 
those of ethyl carbriiuinc. Less readily attacked 
by HCl than cthvl carbarnine*((iHnlier, ..-1. 152, 
221; Bl. [2] 11, -in ; [21 t\4-15). 

11 - BUTYL CARBOFMTE (PrOn,,),,CO;,. 
(207° cor.) at 7-JO nun. S.O.® *911 (Lichen a. 
llossi, yl. 105, 112). •, 

Isobutyl carbonate (Pr.Cll^.).C 03 . (190° 

eor.). S.O, ---919. From isobntyl iodide and 
Ag.jCO., (De Clermont, A. Ch. [3] 4-1, .330). .From 
isobuty] alcoliol and CyCI (Tliimanri, A. Ch. fH] 
44, .3-40). From .so<lium isobntylale and cldoro- 
picriu {ll(T*so,/1.205, 253; c/. Wiirt?!, A. 93,119). 

Isobutyl-ortbocarbonate (PrCTl20)4C. (245° 
cor.). S.O, -900. The ^hief product of the 
action of cliloropicrin on sodit'm isobutylato 
(lloise, A. 205, 253). 

BUTYL-CHLOHAL v. Tni-cnLORo-isuTYKio 

ALDEUYPE. ^ 

«.BUTYL CHLOEIIJE C.H..C1 i.c. 
CH,.CII...CH2.CILC1. Mol. V'92-5. (78° cor.). 
S.G. 2 -907; ■897 (Liimomann, A. 101, 197). 

S.V. 114*3 (Ramsay). From ?t-butyl alcohol and 
IICl (L.; c/. Licbci^ a. Rossi, A. 158, 101). 
From ?i-butane and cJilorine (Sclioyen, A, l;'^, 
235). 

Isobutyl chloride (CH3).,CH.CH2C1. (C9°). 
B.O. i5-880 (Linnemann); 4?-8830; ^-8739 

g erkin, O. J. 45, 45.3). M.M. 0-144 at 21°, 
.F. p. 46,370. H.F. v. 43,050 {Th.). S.V. 
114*20 (R. Schiff, B. 19, 662). From isobutyl 
alcohol and HCl or PC1» (Wurtz, A. 93, 113; 
Pierre a. Pucliot, 0 . B. 72, 832). 


•lertlMy bn^l dil 0 TU« ( 0 H,),dS, (81°). 
S.O. ^ -8471; M ' 8868 . lif.M. 6-357 at 15°. 

Formation.— t. By action ot chlorine on 
|CHs)jOH (Butlerow, J. 1864,497).—2. By heat¬ 
ing isobutylcpe, (CH,)..C;CH 2 , with cono. HCl at 
100° (Sales&y, A. 165, 92; S. 6 , 480 ; he Bel, 
Bl. [2] 28, 462; Puohot, A. Ch. [5] 28, 549).— 

3. From tri-metliyl-carbinol and AdCl or PCl^.— 

4. From isobutyl iodide and ICl (Linnemann, 

A. 102,18). 

With water (5 vols.) at 100° it 
is readily cauverted into tertiary butyl alcohol 
(Butlerow, A. 144, 33). It partakes, therefore, 
somewhat of the character of an acid chloride. 
BUTYL-CHLORO- v. Cin*ono-BUTYi^ " 
BUTYL-CINCHONIC ACID v. Bfr^QUlNO. 

LIKK-C.AUBOXYLIC ACID. 

BUTYL-GRBSOL v. METiiTi.-BUTYL-pnENOL. 
ISO-BUTYL CYAHATEFr.ClL.N.CO. (110°). 
From isobntyl iodide and silver evauate (Brauner, 

B. 12, 1877): 

Tertiary butyl cyaupto (CIT,).jC.N.OO. ( 86 ° 
cor.). S.G. ® *8076. The chief product of the 
action of isobulyl iodidt on silver cyaiiatc (B.) 
BUTYL CYANIDE v. Valekoxitkile. 
)i-BUTYLENE C,H« i.c. CH,.ClL.CH:OHs. 
Vinyhclhanc. Etlujl-etlujlcne. Mol. w. 56. 
(c.- 'l°). Oceiira in the oils deposited from 
compressed coal-gas (Colson, Bl. [2] 48, 62; 

C. B. lO'l, 1286). 

Formalion. -1. Byboilingji-bntyliodidcwith 
alooliolic KOU (Grabowsky a. SaytzclT, A. 179, 
32.3; Lioben a. llossi, A. 158, 164).—2. From 
liromo-ethylcne and ’AnV\ (Chapman, C. J, 
‘2(t, 28; Wnrt/., Z. i 2 J 5, 407).—3. Together with 
secondary Irityl alcohol by the action of HNOj 
on a-butyl-amino (Meyer, Li. 10, 1.36). 

Prnjuntir.'i.— CiRi^. .Forms with Br a dibro- 
rnidc (167°). HI forms ClL.CtL.CITI.CH 3 . 

i|/-Butyleno Oif.,.ClI:(Ml.CU,,. {P)-Butylene* 
s-lXmcfhyl-ethijkne. (1°). 

Oi'c'.irrcucc .—In the oils from compressed 
coaLgas (Colson, 0, U. 104, 1286), 

Formatiivi. —1. From secondary butyl iodide 
and alcoholic KDII, Ag.^0 and water, or AgOAo 
(Do Luyncs, A. 129, 200; 132, 275; Lichen, A, 
150, 108; 151, 121).—2. Together with isobu¬ 
tylene by distilling u- or iso- butyl alcohol with 
ZnCl. (Nevole, Bl. 24,122; Le Bel a. Greene, 
Am. \ 23; Bl. [2] 29, 306).—3. By heating 
secondary butyl alcohol.—4. From Mel, allyl 
iodide, and Na, small quantities of the two 
'Other biitvlenes being also formed (Wurtz, Bl» 
[2] 8 , 205; OrosJieintz, Bl. [2] 29, 201).— 6 . 
II..SO 1 acting on isobutyl alcohol forms (1 vol. of) 
Ck.yCH:Cn.CAl, and (2 vols. of) (CtD.OiCHa 
(Konovaloff, Bl [2] 34, 333 ; c/. Puchot, A. Ch. 
[5] 28, 508). — 0. By boiling isobutyl iodide with 
PbO (Eltckoff„BL [2] 34,^-147), 

Properiks.—Oas. Br'givFs CJLBra (166°- 
159°). HI give^'CTT 3 .CH,.CIILCH 3 . 

# Isobutylene (CTDoCiCH^. u-DimietJnjMhyl- 
cue. (-0°). S.G. -637 (Puchot). H.F. p, 
10,600. H.F.V. 8920 (Th.). V.D. 1-03 (calo. 
1’94). Occurs in the oils obtained by comprest* 
ing oil-gas (Faraday, T. 1826, 440) or coal-gas 
(Colson, Bl [2J 48, 62; cf. Prunier, Bl [3j 19, 
109). 

Formation. —1. By electrolysis of potassium 
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ralsrate'(^>lbe, A'. 69, 269).—2. From see- pr I 
tert- butyl aloohol and H^jSO, or ZnOi, (Wartz, 
V. -Sil, 107; Konovaloff, Bl. [2] 34,333! Ler-.f 
niori''jJ, A. 196 , 117: Puohol!; A. Ch. [6] 28,», 
608 ; 0. jB. 85, 767; Scheschuboft, Bl. [2] 45, 
181; of. N 0 VOI 6 , Bl. [2] 24, 122).4|3. Together 
with ethylene and propylene by ^ssing fusel 
oil through a^red-hot tube (Wurtz, A. 104, 21!); 
Butlerow, A. 145, 277).—4. From iso- or tert- 
butyl iodide and alcoholic KOH (Do Luynos, 
O. a. 66, 1175; A. Gh. [4] 2, 385; Butlerow, A. 
144, 19; if. [2] 6 , 236).—5. By heatiiij; di¬ 
methyl-acrylic acid to 210‘’-220 ' dtiring 25-30 
hours (Gorboff a. Kessler, Bl. [2| 11, 302). 

Preparalum .—Isobutyl iodide is run into 
Ubilid^i^ydiolic KOII and the gas collected. 

Properim.— (Ta.s, si. sol. water, v. sol. aloo¬ 
hol, V. e. sol. ether and IIOAo. 

Reactions. —1. Cone. HCl at 100° forms tert- 
butyl chloride.—2. Cone. HI aq absorbs it, form¬ 
ing tert-butyl iodide and tri-methyl carbinol 
(Soheschukoil, Bl. [2J 46, 823).-3. Cone. II,SO, 

3 pts.) mixed with water (1 part) absorbs it, 
and on diluting with rWitor and distilling tert- 
butyl alcohol is got. H .SO, (5 pts.) mixed with 
less water (1 pt.) forms much dodccylcnn.— 
4. Br in CS, forms 0,H,Br., (148°) and C.lLBr, 
(173°-183°) at 235 mm. (Nevoid, C. R. 83, 65; 
Norton a. Williams, Am. 9, 88).—5. IICIO forms 
a ohloro-butyl alcohol (137°) (Butlerow, A. 14-1, 
1; Z. [2] 6, 236; Henry, Bf. [2] 26, 23).-6. 
CrO, gives acetone, oxalic acid, acetic acid, Ac. 
(Zeidler, A. 107, 251).—7. Cl forms isobutcnyl 
chlorides C,II,C1 (ScheschnkolT, J. R. 16, 488). 

GombuMtions. —(C,H,).A1.C1„. From ethylene, 
A1.,C1,, and IICl (Gustavson, J. R. 16, 97).— 
(0,II,).,Al.,Br,: oil. S.G. 5 2-1. V. p. 147. 1 

BUTYLENE ALCOHOL u. Di- v r-BOXANE. 

BUTYLENE DIAMINE C,H,.,N, 
i.e. 0,H,(NH2),, (?). (above 140°). From ethylene 
cyanide, tin, and HCl (Fairley, G. J. 17, 362; 
could not be obtained by Ladenburg, B. 16,1150, 
or Lellmann a. Wiirthner, A. 228, 221).— 
B'sH,PtCl,. 

BUTYLENE BROMIDE v. Dl -BROMO-BUTANE. 

BUTYLENE TBI-CABBOXYLIC ACID 
CH,.CH:C(COjH).Cn(CO,H)j. FAhylidene - 
ethenyl-tri-carboxylie acid. [185°]. Formed by 
the action of a-chloro-crotonio ether upon sodio- 
malonic ether, and saponiheation of the product 
(Hjelt, B. 17, 2833). V. sol. water, m. sol. 
ether.—A"'Ag 3 : llocculent pp.—A 200 ,“ and 
A"'sBa,»: easily soluble powders. 

Mono-ethyl ether A"'HjEt3aq: [70°]: 
large triclinic crystals, o:b:c =’9111:1: •7553.-» 
A"'H.,Etaq [145°]. 

Tri-ethyl ether EtjA'". (286°). 

BUTYLENE GLYCOL ti. Di-oxy-butane. 

BUTYLENE GLYCOL CHLOBHYDBIN ». 
Oblobo-boiyl alcohol. 

BUTYLENE '’l»i«AMINE e,H„N,. [173°]. 
Formed by heating guanidine ijovalerate at 225°. 
Irimetrio needles, m. sol. cold water. Convened 
by cone. H,SO, into butylene guanaiAide 
0,H„N,0., whence HNO, forms oyanurio acid 
(Bandrowski, B. 9, 240).—B'HC —B'AgNO,.— 

BUTYLENE HYDRATE V. iScc-Buixl ALCOHOL. 

BUTYLENE NITRITE (?) C,H,N,0,. From 
iaobntylene and cone. HNO,(Haitinger, M. 2,287). 


Sntylaaa nitrite (?)J ,1[96°]. Formed by boil¬ 
ing petrolenm of Tiflisi fith HNO, (Beilsteia a. 
KurbatofflB. 14,1621)J , 

IS^».BUTYLENE0XlSE£;jn.Oi.«.O<®“®’‘> 

(52°). 3^.2*8311. Fr.im igobutylcne with fcuo- 
cessivo wlth.’lCK) anil KOII (Kltekoff, 

23 ; J. 11. 1 Water, at ordinary 

teinperaturea, unites tvith it, forininj;*di-gxy- 
bulaiio. 

s-Butylene oxide (57°). S.G.* 

•8:111, Formed sill, ilarly from C1T,.C1I:CH.CH, 
(I'k). Water a.. lOO ’ forms di - oxy - l-”.tano 
Cri,.CIT(()H).Cll( <H).CH,. 

BUTYL ENNYL KETONE C„II.„0 (?) or 
C,lJ,,.C().C,n,(a,H„). Amyl rah’mne. (209°). 
S.G. *815. From CG on suditim amylate, 
NiiOC,-,H,„ aL160° (Gcutlier a. Fr.diliidi, .1. 202, 
301), Liquid, does not combine with NallSO,. 
BUTYL ETHER v. BiiTvr, oxini-;. 
BUTYL-FORMIC ACID v. Valekio aciu. 
BUTYL-GLYCEBIC ACID ji. Di-oxy-butyuio 

ACIU. 

BUTYL-GLYCIDIC ACID v. Di-oxy-boiybio 
A cin. _ 

BUTYL GLYCOL v. Di-oxy-biitanr. 
BUTYL-GLYOXALINE C,l4(C,ir,,)N.,. Gly- 
oxal-amyline. [121°]. (274°). Flat needles. 

SI. sol. water. Prepared by the action of valerio 
aldehyde-ammonia on glyoxal (ll.adziszcwski, B. 
16, 747; 17,1291). Br forms C,H,„BrjNj [158°] 
and C,H,BrjN„ [217°]. 

Salts.—li'HCl [136°]. —B'HBr [100°].— 
BITAO, [196°].—B'JI.PtCl,. 

ISO-BUTYL DIGJANIDE C^IIiA 
C,.h,N 5 (C,H,). The sulphate of the copper 
derivative Cu(0„H,,N,).ILS(), is formed by the 
action of aqueous CuSO, and isobutylamina 
on dicyandiamido at 100° (Smolka, M. 4, 815). 
Alkaline syrup, aosorbing COj from the air. 

Salts.--B'..HjSO,l.!aq. S. 26-3 at 16°. 
Colourless Iranspareat leaflets.—B'H^SO, llaq. 
—B'HCi. [216°]. S. 40 at 16°. — B'2HC1. 
[194°]. Deliquescent.—B'-HjPtCl, aq : golden 
four-sided tables.—B'jHjCrO, aq.—li'..,H.,C.^ 04 . 

Metallic derivatives Cu(CsH,,N,),: 
silky red needles, si. sol. water, sol. dilute acids. 
—Cu(C 4 H„N ,)2 2 HN 03 . — Cu(C„H,.Nj).,H.Cl, aq. 
—Cu(C„H„N 5 ).H 2 SO, : carmine-red grains. 8. 
•26 at 18°.—CufC^HiiNjl^H-SO^aq : pale red 
grains.--Cu(C,II„N,) 2 njS 04 3aq: light rose-red» 
nrystulfl 

n-BufvL HEPiTL-OXIDE C,H,.O.C,H„. 
(205-7°). S.G. § -8023. S.V. 271*3. C.E. (0°-10°) 
•00097 (Dobtiner, A. 243, 8). 

BUTYL-HYDRO-ATaFRANOL V. Butyl. 

ANTIIBANOL niUYBRIUE. 

ISO-BUTYL HY"0PH0SPHATE (C,H„),P,0,. 
S.G. 1’125. From isobutyl iodide and 
Ag.PjO, at 140° (Siinger, A. 232, 12). OU. De- 
composed by hot water. 

Iso-butyl-hypophosphate of barinm 
(C,H„)BaHP.0.5aq. Needles. 

BUTYLIDENE-ACETO-AOETIO ETHER p. 
p.24. 

ISO-BUTYLIDENE-AMIDO-BENZOIO ACID 
C„H„NO,i.c. Pr.CH:N.C,H,COjII. [145°-160°]. 
From amido-benzoic acid and iso-butyric alda 
hyde (Sohiff, A. 210, 114). Slender needlei, 
decomposed by cold dilute alkalis. 



TKI-ISO-BUTYLIDENE DI-AMINE. 


040 


lai-ISO-BtrmiDEHE di-amine Hydro- 
butyramide under IsoodAhio aldeuyub. 

ISO-BDTYUDENE CfeOBIDEv. Di-cuLOito- 

ISOBUTAHIi. I I 

ISO - BOmiDEME -HCHYLESE - ANILINE 

V. Dl - PHENYL - ISOPBOPYLr UETAPYBAZOL tlEIRA- 
BYDRIDE. . 

».BUTYL IODIDES 1 CHj.CH...CiI.,.CH.,.I. 
Mol.. w.» 184. (ISl^ c*'.). S.O. “i' 1-«17 
(Briifil); g 1-0476. K.V. 1K8-2. C.K. (O-’-lO ) 
•00098 (Dobrinor, A. 243, Su). 1-510. Ka, 
64-47. I’rom »t-butyl olooKol and III (Linne- 
mariD, A, 101, 190). IClj tt 250° acta on it 
thusOJIJ + IIICI 3 = 20Xlf + 9HC1 + 12IC1 
(Krafft, B. 10, 805). ' 

Secondary »-batyl iodide CH.|.CH.,.Cni.CH.,. 
(118"). S.G. S 1-020; 1-592 l-,579 

(Lieben); * 1-032 ; 1-000 (Luynes). V.D. 

0-0 at 20" (obs.). Formation.—1. By distilling 
erythrite with III (Bo Luynes, A. 125, 252; lil. 
2, 3).—2. From ethyl-ehloro-etliylio ether 
ClIjCl.CEtn.O.Et and HI at 140" (Lieben, 
A. 150, 87). — 3. From li-butylcne and HI 
(Wurtz, A. 152, 23). 

Isobutyl iodide (CII,),C1I.C1IJ. (120°). 
S.G. Y1-606 (Briihl); ij 1-0139,.-51-0007 (I’crkin, 
C. J. 45, 402). yg 1-500. ll'aj 54-41. S.V. 
128-28 (Schill, B. 19. 504). C.E. (0"- 20") -0110 
(Brauner, A. 192, 09). M.M. 12-199 at 19-4". 
From isobutyl alcohol and HI. Distils con¬ 
stantly with 21 pts. water at 90" (I’icrre a. I’nchot, 
C.B. 74,224). Treated with AgNCS gives a pro¬ 
duct, (CIlJ-CH.CHjNCS, which on saponilica- 
tion yields isobutylamine and, in greater quan¬ 
tity, tertiary butylamino (B.). Heated with lead 
oxide it yields pseudo-butylclie besides iso-butyl¬ 
ene (EltokoU, III. [2] 34, 347). 

Tertiary butyl iodide Mo,OI. (100°). S.G. - 
1-671. Formation. —From tertiary butyl alcohol 
and HI. 

Preparation. —By passing iSobutyknc (q.v.) 
into fuming HI, cooled with icctand well shaken 
(Markownikoff, Z. [ 2 ] 6 , 29j? 

lieactions. —1. If the iodiile (20g.)bo shiiken 
with water (530 g.) for two ihiys it dissolves, being 
converted into the alcohol : McaCI-hll.O-s 
MeaC.OH + HI (Dobbin, 0. J. 37, 237).-2. AVitli 
dry ZnO it forms tri-isobutylciie — 3. With 
sodium it forms isobutylene, tri-isobutylcno, and 
hydrogen, with small quantities of ahyilroeavbon 
not absorbable by (Dobbin).—4. Moist 

Ag.^0, Zn and water, and AgOAc, form iso¬ 
butylene (Butlerow, if. [2J 0, 237).Tr-5. With 
McOII at 100‘^-110“ it gives*MeI iKid trinicthyl 
carbinol (Bauer, A, 220,103).—0. With MeOAc 
at llO*^ it forms isobutylene, HOAc and Mel. 

BI-BUTTI-KETINE v. Di-MiiruYL-ni-BUXYL- 

PYRAiSlNE. f' 

DMSOBUTYL KETONE 0,II„0 i.c. 
C,H,.CO.C,Hj. Vakronc. Mol. w. 142. (182®). 
S.G. -833. Formed, in small quantity, by 
distilling calcium valerate (0 pts.) with CaO 
(1 pt.) (Ldwig, P. 42, <al2; Ebcrsbach, A. 10C„ 
208; Schmidt, B. 6 , 600). Does not combine 
with NaHSO.q. 

DI-ISOBUTYL-KETONE-SirLPHONIC ACID 
0A(HS0,)—C 0 - 0 A(HS 03 ). The sodium 
salt is formed by leaving phorone in contact with 
a saturated solution of NaHSO, for 2 or 3 weeks. 
It forms colourless prisms (A'^ax2^aq): soluble 
in water and alcohol (Pinnar, B. 15^ 603). 


^DTTLIiACTIC ACID Oxy-bdttrio acid* 
BDm-LUTIDINE v. Di-mexhtl-buttl-pibi 

DINB. 

b-butyl-maAnic acid C,H,A i-e. 

C,H„.CII(C0,H)2. [101®]. Prepared by saponi- 
fh-ation of Ahe nitrilo CJI„.CH(CN).C 02 Et 
obtained by mo action of KCN on chloro- 
hcxoic-other. Thick prismatic crystals. V. sol. 
w'atcr, alcohol, and ether. It gives a reddish- 
violet colouration on warming with At 

al)oat 150 ° CO.,, is evolved and it is converted 
into caproic acid. 

Salts.whiteplates. S.2*98at2-1®, 
—A'Tb : very sparingly soluble white glistening 
plates. S. *011 at20\ A"Cunq: blue glisten¬ 
ing plates. H. -OBO at 22®.—fA"Ag. pp. 

S. *119 at 23° (Hell a. Lumpp, B. 17, 2217). 

Isobutyl-raalonic acid FrCH.,.CH(CO^)jj. 
[107®]. From its ether (Iljclt, /. 1882, 875). 

Bthyl ether VAA". (225®). S.G.i^*983. 
From sodium malonic ctliev and isobutyl iodido. 

n-BDTYI MERCAPTAN C Jl.SH. Mol. w. 
90. (98®). S.G. *858; *8-13 (Saytzoff a. 

Grabowsky, A. 171, 25?; 175, 351). HNOg 
give.s butane sulphonic arid. 

Isobutyl mercaptan (88®). S.G. *848 
(Humann, A. 95, 250); *8357 (Nasini, 0. 13, 

301). V.D. 3*10 (ob.s.). Bco 27*47 (N.). Formed 
by distilling K(C,H.,)SO, w’lth aqueous KHS.— 
KSC,H„. — Hg(C^H.,S).,: pearly scales.— 

Pb{C 4 Hj,S)..; yellow- crystalline pp. 

Secondary butyl mercaptan (85®). S.G. 
11 *830. From .S('‘t;-))utyl iodide and KHS.— 
CJIqSAq.—(CJI„S)„ng [189®] (Boymann, B. 7, 
1287). 

TETBA . ISOBDTYL - METHYLENE - DI¬ 
AMINE C,jr.,N., i.e. N(C,ig,,.ClI,N(C 4 H,)u. 
(215®-255°). ••From ‘trioxyinotiiylcne ’ (formic 
paraldehyde) and di-isobutylaiuine (Fhrcnberg, 
J. pr. [2] 30, 117).—U"lI,lHci« [198^). Forms 
with CS.. a compound C,,ll,sN.^C>S., [5-1®]. 

BUTYL - MUSTARD OIL v.“ Butyl thio- 

CAiinthiuE. 

ISO-BUTYL-NAPHTHALENE i.e, 

Cn,ir,(C.,n,,). (280"). l*repare(l together with 
(a-a) and {a-/3)-dina).)hthyl by healiug naphthal¬ 
ene and isobutyl chloride in presence of alumi¬ 
nium chloride. Colourless oil, very slightly 
volatile in steam. Picric acid compound; 
[96®J aggregates of golden needles (Wcgsclicider, 
M. 6, 230).^. 

ISO-BUTYL NITRATE C^H^NOa- (123®), 
S.G. - 1*038. From AgNOj, urea, and isobutyl 
iqdide (Wurtz, .4. 93 120; Chapman a. Smith, 
if. 1869, 133). 

ISO-BUTYL NITRITE (CII,),.CH.CII..O.NO. 
(67”). S.G. 2*891. U.F.p. 47,800. H.F.V. 
44,900 (Th.) (Chapman a. Smith, if. 1869, 433; 
Pribram a. llandl, M. 2, 658; Bertoni a. TrafiS, 
G. 14,2:4). , 

Tertiary butyl nitrite (Ctl.,)jC.ONO. (63°) 
(B.); (70’-78°)(®). S.G. »-SOU (B.). Formed 
togqtlu r with a little of the isomeric nitrobutane 
(110"-i:40") by distilling tertiary butyl iodids 
witli silver nitrite (TBohorniak, A. 180,165; B. 
7, 962). Prepared by distilling tertiary butyl 
alcohol (1 mol.) with glyceryl tri-nitrite (1 mol.) 
(Bertoni, 0. 15, 357). 

BUT YL-PSEUDO-NITEOLE t'. NuBOSO-Nliao. 
Bcr-rAMS, 
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BUXYL-KIISOLIO AOIS v. KiiKOSo-Niitio- 

BDT^B. 

n-BUTYL-OCIYt-OXIDE C<H,.O.C,H„. 
(225-7°). S.G. 2 -8069. S.V. 295-7. C.E. (0°-10°) 
•00097 (Dobriner, A. 243, 9). % 

ISO-BUIYI OXALATE v. OxaS .0 acid. 
ISO-BUIYL-OXAMIC ACID 
Pi-CHj.NH.CO.COjH. I’l-om oxalic ether (1 
mol.) and dry isobutylaniino (1 mol.) at 100° 
(XIalbot, C. B. 104, 229). Ca.AV 
Dl-isobatyl-oxamic acid 
(l’rOH 2 ).jN.CO.CO.JI. Similarly prepared from 
di-iso-butylamine (M.). 

DI-ISO-BUIYL-OXAMIDE (l’rCtI,.NH).C,0,. 
[107i].« ,From oxalic ether (1 mol.) and iso- 
butylamiu j^2 mola.). Acute plates, insol. boiling 
water; may be sublimed (Malbot, C. ft. 104,22.s). 

DI-BDTYL OXIDE (C.HJ.O. .Mol. w. 130. 
(141°). S.G. ® -784 (liieben a. Kossi, .1. 10.5, 
110); g -7805. S.V. 197-3. C.E. (0°-10'') -00109 
(Dobriner, A. 243, 8). 

Di-isobutyl oxide (100°-104°). From iso¬ 
butyl iodide and K()0»Hj, or Ag^O (Wiirtz, A. 
93,117). 

Di-sec-butyl oxide (121°). S.G. ?’■ -750. 
From aldehyde hydrochloride and ZiiEt., (Kessel, 
A. 175, 56; li. 7, 291). 

p-ISO - BUTYL - PHENOL C,H,.CJT,0]I. 
[99°]. (231°) (S.): (237°) (L.). 1. From amido- 
iso-butyl-bcnzene by the diazo- reaction (Htiich-r, 
A. 211, 212; B. 14, 1474, 2187).—2. i-'rom 
phenol (100 g.), isobutyl alcohol (80 g.) ami 
ZnCl;, (240 g.) (Licbmann, 71. 14, 1842; 15, 150, 
1991; Dobrzyeki, J. pr. [2] 30, 390). Needles 
(from alcohol). Volatile with steam. V. sol. 
alkalis. Gives a pp. with brmnine-w.ater, but 
no colour with Fe.Cl,;. Is a idsoptic. 1*C1, 
gives chloro-iso-bntyl-bcn/ene, wnich on oxida¬ 
tion gives p-chloro-benzoic acid. Gives a di- 
nitro- derivative [93°]. Fused with IhO, it gives 
phenol and isrhutyiime. Ammonia and ZnCl.. 
give C,n,,.C„H,NH,; (Lloyd, 71. 20, 1254). 

Mclkyl ether C,TI,.C„lI,OMe. (2l5-5°). 
S.G. =2 -937. 

Ethyl ether CjHj.CjlI,OEt. (23.5°) (S.); 
(242°) (L.). 

Benzoyl derivative C,4I.,.C.lI,OBz. 
[83°J (S.); [80°] (Kreysler, IJ. '18, 1717); 

(335°); (344°) (K.). White plates (from alcohol). 

Acetyl derivative C 4 H„.C„ll,OAc. (245°). 
S.G. -999. ♦ 

ISO-BDTYL-PHENOL SULPHONIC ACID 
04 H„.C„Hj( 011 ).S 0 jn. From isobutyl (ihenol 
and H-Sd, (Liebmann, B. 15,1990).—JlaA'- -daq. 
160 -BUTYL-PHENYL-AMINE v. A.miuo- 

rHENVl-DUTANE. 

Di-isobutyl-di-phenyl-amine 
(C^H^.O^HJ-NH. (290°-315°). Thick oil. 
Formed together with 04114 ( 0441 ,).Nil., hy heati ng 
oxy-phenyl-isobutane C 4 lI,(C 4 H,).OJl [1:4] with 
ammoniaevl 'ZrAjcz (or ZnCi^ and Nil,Hr (or 
NH 4 CI) at 320°-33()°; the yDld is 20 25 p.e.— 
B'. 4 H 2 CljPtCl,: yellow needles. ' 

Acetyl derivative (C 4 H 4 .C 4 n„).^.\c; 
[76°] • glistening white plates ; si. sol. water, 
V. Bol. alcohol and benzene (Lloyd, B. 20, 425.5). 

DI-ISO-BUTYL-DI-PHENYL CYANAMIDE 
Cj,Hj„Njt.c. C(NC 4 H 4 .CHjPr),. Carho-di-phen- 
Uobutyl-imidc. [189°]. Formed by boiling a 
solution of di-isobutyl-di-phenyl-thio-urea in 
benzene with PbO (P^bl, B, 17,1242). Colour¬ 


less crystals. Sol. ho - benzene, b1. sol. ether. 
By warm dilute alcohol it is converted into di- 
isobutyl-di-phenyl-uroi. With aminos it com- 
bines to form guanidincs.f Heated with CSj at 
170' it.viclds i.sobutyl-phcnyl-thio-carbimide. 

IS03UTYL.PHEN TLENE-DIAMINE 
C,JI,(N'Il,)(NUCH,Fr'. [39>J. Formed by the 
reduction of ji-nilro; o-iso butylaiiilino (Waoker, 
-4. 243, 299). 4'latos (from ether); can b» dis- 
tilk'd. ttscliloride forms whito plates; v. soL 
water, si. sol. alcolioi, iosol. ether. 

DI-yilSO-BlfTYL-DI-PHENYL-GUANIDINE 
Di-phi'iii^iohutijL^uanid- 
iHC. [1715 ’]. I'Y ‘iiied ])y an alo'oliolio 

•solulion of (U-;)-isolmtYl-'.ii-pl(onyI-thiourca with 
anil lead oxido (l*ahi, i). 17, i‘210). Colour- 
jdiili's. V. sol. alcolioi and benzene.— 
iJ'^jHoCLi'tCl,,: yellow cryslalliiio j>p. 

Tri-;)-isv#butyl-tri-phenyl-guanidine 
CArCJir^’;C(Nii.c.,n,.c,irj.,. aw-^/wmso- 
hdhjI-ijiuinUlinc. [lOP). Obtained by digesting 
an alcoliolic solution of di-;i-iRobutyI-di-phenyl- 
tliioiirca with p-isobutylplicnyl-amiuo and lead 
o-xide (l\). Small white needles. V. sol. benzene 
amUiot alcohol. yellow needles. 

IS0.BUTYL.PHENYL-('/i).NAPHTHYZ.-THI0- 
UREA C,.,J1,.N11.0S.N11.C,JI,.0,J1„. Phmiso- 
bi^i!il-{P)-n(f}ihtJn/l-thi(>utr<(. '], Fropared 

by wanniii.i'an aie.oholii; .solution of (^l)-naphthyl- 
tliio-caibimide and isohutylplieiiyl-nmine (Main* 
zer, JJ. Ill, 20211). White jilates. Sol. boiling 
alcolioi. ]>y piiosphoiie acid it is split up into 
isobutyliibonyl- thio-oarblinide, (fi) -naplithyl- 
thio-carbiinido, isobiitylphenyl-amine, and (B)- 
naphtlivlaminf'. 

ISO-EUTYLPHENYL-PHENYL-TmOlTREA 

' t’. FuiAVrj-IS UlLi l'YI.l'm-'NYIi TJJIOUKRA. 

TKl-ISO-BUTYLPH EN YL-PHOSPHATE 

rO(( ic,jr..0,ll,,)a. (above 100 '). ObUiined by 
healing i^obn' vl phenol willi idlCla; tlio yield if 
00 p.e. of the tlieoi'etical (KreyKler, B. 18, 1700). 
Thick liquid V^. s 1. ether, benzene, and warm 
alcol si. sol. petroleum-ether. 

TE'. R .\-ISO-BUTYLPHEN YL SILICATE 
Si(00„ll,.C,)I„)^. (c. Obtained by heating 

isobutyl-phenol with SiCl^; tJio yield is 70 p.c. 
of the theoretical (Ilcrlkorn, B. 18,1G02). Thick 
colourless oil. V. sol. benzene, chloroform, 
C.S.., etc-. 

;>IS0.BUTYL-PHENYt-THI0CARBIMIDE 

SC:N.C,.f Pheyiisobufi/l-inustard-oiK 

[•12'-’]. •'t^7'^). Formed by l.ealing di-p-isobutyl- 
di-piienyl-th ourea with pho.'^jdiorio acid (Pahl, 
B. 17,12d5). Long white needles. Y. sol. alcohol 
atid ether. 

DI-p-ISO-BUTYL-iH-PEENYL-THIOUREA 
SC(NH.C,JT^.C,1 • I>i-plu'iiisobuti/l-thiourea, 
[I0d°]. Formed 1:. cohohating an alcoholic solu¬ 
tion of 7 )-isobutyiphenyl-ainitie with CSj (Pahl, 
!>’. 17, 1235). Fine white noodles. Sol. ether 
and benzene, si. sol. alcohol, insol. water. 

. DI-p-ISO-BUTYL-DfPHENYL-UREA 
0C(NU.C,II,.C,H,).4. Di ■ pheimohutyl - urea. 
[284°]. 

Formation. —1. By the action of carbonyl 
chloride on jj-isobutylphcnyl-arnine dissolved ia 
benzene.—2. By cohobating an alcoholic solotion 
of the thiourea with mercuric oxide (Fahl, Ba 
17,1240). Colourless needles. Sol. hot alcohol 
insol. water. 
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BtJTTL-yHOSfaiNE. 


ISO-BirtTL-PEOSPlIIlE (62®). 

Prepared, together with the lollowing, from iso> 
butyl iodide, ZnO, and F|1,I at 100® (Hofmann, 

B. 6, 296). Besemblls ethyl-phosphine in pre¬ 
paration and properties. - 

Di-isobntyl phosphine (C,ECl)jPH. (I’s®). 
Tri-isohutyl phosphine (C,H,),P. (215®). 
From the preceding and isokutyl iodiile. 

Bitra-isobutyl-phosphoninm iodide 
(C.H,),?!. Crystalline. , 

ISO-BOTYL-PHOSPHINIC ACID C.H.POjH, 
[100®]. Paraffin-like solid (Hofmann, B. 6,301). 
—A'Ag. Amorphous pp. 

i/r-isobutyl-phosphinio iud {C,H,).jPO.H. 
Oil.—A'Ag. Amorphous. ' 

ISOBDTTL PHOSPHITE. Dichloride. 

C, H,0.PC1.,. (155“). H.G. « 1191. A by¬ 
product in the conversion of isobutyl alcohol 
into isobutyl chloride by I’Clj (Menechutkin, A. 
139, 347). 

DI-ISO-BUTYL-PINACONE C,,II.,„02 i.c. 
Pr.CHs.CHj.CMe(OH).C5Ie(OII).CIL.CH,.Pr. Di- 
oxy-tetra-decane. Tetra-decyUne glycol. [30°]. 
(268°). A product of the action of Na upon 
methyl iso-amyl ketone (Holm, A. 190, 305: j 
Furdie, G. J. 39, 468). Noodles, insol. water. I 
BDTYE-METAPYEAZOIONE v. Di -OXY- I 


■Saeondory butyl lulphida (CItIeEtB).8 
(165°). S.G. ** ‘832. Combines with McI (^y- 
monn, B. 7,1283)« 

Isobutyl disulphide (CHjPr)j8j. (220®) 
(Springs. Learos, B. 15,1938). 

ISO-BHTW, SULPHOCYANIDE CHjPr.S.CN. 
(175°) (Keimer, B 3, 757). 

«-BDTYL SULPHONE (C,H,).;gO,,. [44®]. 

From fuming HNOj and (0,Hj)2S (Grabowsky, 
A. 17.5, 348). 

Di-isobutyl sulphone (C,Tl,,).jSO.;. [17°]. 

(265° i. V.). S.G. — I'OOC. Di-isobutyl sulpli- 
oxido (100 ptJ.) is dissolved in water (1000 pts.) 
and oxidised by KMnO, (63 pts.) dissolved in 
water (1900 pts.). Excess of pcrmang^injst^ de¬ 
stroyed by sodic formiate ntid thjv Sulphone 
extracted by ether. The yield is quantitative 
1 (Beckmann, J". yu". (2| 17, 448). 

Properties. -White plates. Not affected by 
reducing agents 

».BTJTYL SirtPHOXIDE (C,H,,).,SO. [32°]. 
From UNO., (S.G. 1'3) and (C,H„)..'S (Grabow¬ 
sky, A. nr,, 348). , 

Di-isobutyl sulphoxide (0|H„)jSO. [69°]. 

From di-isobutyl sulphide (1 pt.) and (2 pts. of) 
UNO, (S.G. 1-4) in the cold. F.xtraoted with 
ether after neutralisation. The yield is quanti- 


BUIYL-MKTAPYItAZOIi. ! 

IPy. 3)-I80-BDTYL - QUINOLINE C„H, 5 N i 
,CU;CH ! 

<.e. C,H,^ I (271°). Colourless oily 

\n = C(O.H,) 

liquid. Formed by distilling its (Py. l)-car- 
boxylio acid with lime (Doebner, B. 20,280; .4. 
242, 282). ^ 

Picric acid compound B'.C„G,N,0,. 
[161°]. Lemon-yellow plates (from alcohol).— 
(B'HCl)jPtCI,. Orange-red needles (from water). 

{Py. 3)-IS0-BUTYL-QUlN0LINE-(By. 1)— 
CABBOXYLIC ACID 

-C(COjn);CH 

0„H,jNOj t.«. C,H,^ • I* . Isohulyh 

\Nr==C(C,II.) 

einchonic acid. [186°]. Formed by the aytiun of 
isovalerio aldehyde upon pyruvic acid and 
aniline. White satiny plates (containing ].]aq) 
(Doebner, B. 20, 279; A. 242, 280).—B'HCfaq; 
pUtes.—B'jH^PtCl,.- AgA'. 

ISO-BUTYL SILICATE (FrClIJ^SiO,. (o. 258°). 
S.G. 1* '953. From SiCl, and isobutyl alcohol 
(Cahours, 0. B. 77, 1408). Slowly decomposed 
By water. 

BUTYL SULPHATES ^ ' 

n-Butyl-snlphuric acid Pr.CH;.SO,H. 

Salt.—BaA'jUq: crystalline plates. S.G. ^ 
1*778 (Lieben a. Boss), A. 165,116; Clarke, B. 
11,1506). , 

Isobutyl sulphurio acid PnCIl 2 .SO,H. From 
the alcohol and H,SO, (Wurtz, C. B. 35,810).— 
KA': laminiB(from alcohol). 

Chloride 0,H,.0.S0jCl. From isobutyl 
alcohol and SOjClj (BeUrend, J.pr. [2] 15, 34).^, 
Liquid. 

- n-BUTYL SULPHIDE (C,H,),S. Mol. w. 
146. (182®). S.G. g -852; \f *839 (Saytzeff, A. 
171, 253). From butyl iodide and K^S. 

Isobutyl sulphide (Pr.CH,).,S. (171° i. V.). 
B.Q. It! *836. Formed by distilling isobutyl sul- 

5 bate with cone, aqueous EHS (Beckmann, 

. pr. [2] 17,446). 


tative (Beckmann, J.pr. [2] 17, 446). 

Properties .—Yellow needles. Soluble in 2 
parts of cold water, but separates as an oil on 
warming. Ileadily reduced to di-iao-butyl sul- 
phide. 

BUTYL SULPHUBIO ACID V. BuiYL sot.- 

PHATE. 

DI-ISO-BUTYL-THETINE 
COjH.CIl;.S(C,H,) 2 (OH). The hydrobromide 
is a syrup formed by the action of isobutyl sul¬ 
phide on brorfio-acetio acid at 100°. Lead con¬ 
verts it into crystalline C|„H.„SO.,5FbBr2 and 
C„H.„SOj3PbBr.. (Letts, Pr. B. 28,588). 

n-BUTYL THIO-CAEBIMIDE CILPr.N.CS. 
Jfol. w. 115. (167°). Formed by bailing n- 
butylTimiue with CS., and alcohol. Evaporating 
the alcohol and heating theresidue with aqueous 
IlgClj (Hofmann, B. 7, 508). NH, gives butyl- 
thio-urea [79°]. 

Isobutyl thio-carbimide CH.il’r.N.CS. (162°). 
S.G. li -937. Similarly prepared. (II.). NH, 
gives isobutyl-thio-urea [94°J. 

Secondary isobutyl thio-carbimide 
CHMeEt.N.CS. (160°). S.G. is *944. Similarly 
prepared. It is the essential constituentof the oil 
of scurvy-grass or spoon-wort (from Gochlearia 
officinalis) (Hofmann, B. [2] 5, 400; B. 2, 102). 
Nil, gives butyl-thio-urea [135°]. 

Tertiary butyl thio-carbimide CMe,.N.CS.. 
[11°]. (140°). S.G.2i -900 (Eudneff,/. B. 11, 
179; B. 12,1023). 

BUTYL THIO-CAKBONIO ACID v. Tiuo- 

CAimoNIC AGIO. 

«-BUTYL-THlDPHENE f,5?"..JC,n,) (181°). 
S.G. 12 *957. Colourless oil. Formed by the 
action of sodium on a mixture of iodothiophene 
and Irutyl bromide (Meyer a. Ereis, B. 17,1561). 

BUTYL-THIO-UBEAS. The preparation and 
properties of these bodies are analogous to those 
of the corresponding ethyl thio-urcas (q. o.). 

n-Butyl thio - urea OH,Pr.NH.CS.NHj, 
[79°]. From butyl thio-oarbimide and NB^ 
(Hofmann, B. 7, 612). ^ 

Isobutyl thio-urea [94®j (H.). 




BUTYIIIO AOID. , 


S»c-batyl tMo-nre» [188°] (H.). 

Tert-butyl tWo - urea CMerNH.OS.NHj. 
[166°] {Eadnefl, Bl, [2] 33, 300). Prisms, sol. 
alcohol. * 

DI-<«7-<-butyl thio-urea SC(NHCMej)j. 
[162°]. From tert-butyl.amine,V!S., and alco¬ 
hol. Formed also by the action of tert-butyl 
thiocarbinude on tert-butyl-amine (Kudncff, Bl. 
[2] 33, 300). 

m-ISO-BOm-TOLFENE C„H,(CII,)(C,H„) 
[1:3]. (187°) (K. a.B.); (19-1°) (K.); (isr,") (E.). 
Methyl •'isobutyl - benzene. Colourloas liijiiid. 
Occurs in oil of resin (Kelbe 00 Baur, B. 10, 
619, 2559; Kcnard, A. Ch. [C] 1, 250). Pre- 
paced by the action of isoliutyl bromide on 
tolSene'n pceseaco of Al,Br„ (K.a. B.). Formed 
by diazoUbsing methyl-isobntyl-phenyl-aminc 
and treating the diazo- salt with an excess of 
SnCIj (Effroiit, B. 17,2329). On oxidation witli 
HNO, it first gives m-iso-butyl-benzoic acid and 
finally isophthalic acid (Kelbe a. Pfeiffer, B. 
19,1723). 

j)-(lso?) -Butyl • toluene C„H,(CH 3 )(C,n,) 
[1:4]. (178°). Occdls in oil of resin. HSO, 

oxidises it to p-toluic acid (Kelbe a. Baur, B. 
16, 2562). 

p-Isobntyl-toluene (o. 195°) ? Formed by 
heating toluene with isobutyl alcohol and 
ZnCl, (Goldschmidt, B. 15, 1007). Formed, 
together with the ra-isoineride, by the action 
of isobulyl bromide on toluene in presence of 
Al^r, (Kelbe a. Pfeiffer, B. 19, 1725). HNO, 
oxidises it to p-isobutyl-bonzoic acid. 

TO-ISO-BUTYI-TOLUENE-SirtPHONIC ACID 
C,H,(CH,)(C,H,)(SO,H) [l:3:i]. [70°]. Hniall 

hygroscopic plates. Formed by sulphonation of 
m-iso-butyl-toluenc. 

Salts.—KA'aq: large soliiV-pearly plates. 
—NaA'aq : needles. — CuA',,4aq : largo blue 
soluble plates.—BaA'jUq: small plates, si. sol. 
cold water and alcohol.—PbA'jSaq: pearly plates. 

Amide : ['.5°], small plates, soluble in water 
(Kelbe a. Baur, B. 16, 2500). 

p-[Iso ?).Batyl-taluene-sulphoaic acid 
O.H,(CH,)(C,H„)(S9,n) [1:4:*]. Obtained by 
sulphonation of p-isobutyl-toluene. 

Salts. — KA'lJaq: small easily soluble 
plates.—NaA'2aq. — BaA' 5 aq: small sparingly 
soluble plates.—CuA'jXaq: easily soluble blue 
crystals. — PbA',3aq: small plates, sol. hot 


water. 

Amide: [113°], large pearly pmtes, si. sol. 
hot water (Kelbe a. Baur, B. 16, 2503). 

ISO-BDTYL-o-TOLDIC ACID 
O.H,(CH,)(C,H,)CO,H [1:3:6]. [140°]., Formpd 
by saponification of its nitrile (Effront, B. 17, 
2834). White needles. V. sol. alcohol and 
ether, si. sol. hot water, insol. cold water.- 
A'Ag: colourless plates, v. sol. hot water. 

mtrile C,H,(CH,)(C.H,,)CN [1;3;6]. [60°]. 
(248°). Formation.—1. By distilling the formyl 
d^vative of rnecuyf-isobutyl-pnenyl-nmine with 
zino-dust.—2. By heating jisobutyl-tolyl-thio- 
oarbimide with copper powder (E.). Long 
white needles. V. sol. alcohol and ether, si. 
eol. hot petroleum-ether, insol. water. 

Iso-butyl*toluic acid C,H(rH 3 )(C,H,)CO.dI 
[1:6:6]. [132°]. Formed by saponification of its 
nitrile (Effront, B. 17, 2343). White silvery 
plates. V. sol. alcohol and ether, si. sol. hot 
water.—: colourless plates, sol. hot water. 


mtrile C,H.fCH,)(O.H,)qN [1:6:6]. (248°). 

Formation. — 1. By distilling the formyl 
derivative of methyl-isobutyl-phenyl-amine with 
zinc-dust.—2. By heat'ug isobutyl-tolyl-thio- 
carbimide with copper-povvder (Effront, B. 17, 
2343)ji; Coiourless oil, solidifies on freezing to 
a white crystallme mass. V. eol. alcohol and 
ether. 

ISOBUTYL-TOLDIDINE v. MBTUVieiso^UTm* 
PnENVL-AMIXE. 

• BUTYL-TOLYL-AMINE r. Muthvl-buhI.- 

PnKNYL-AMlNK. 

ISO-BUTYL-TOLYI-THIOCAKBIMIDE 

C„H,(Cn„)(C,i:ji.NCH ll:3:0]. r i0°j. (2754 iiCOO). 
F’ormed by the ■'otion of (diusphoric acid on di- 
isobutyl-di-tolyl-thiourc'i (Effro-d, B, 17, 2336), 
Long white needles. V. sol. alcohol and ether. 

leo-butyl-tolyl-thio-cdrbimide 
C„H,,(CII,)ip,H,)NCS [1:5:0]. [11°]. (267°). 

Formed by heating di-isobutyl ili-tolyl-lhiourea 
with phosphonio acid (Effront, B. 17, 2345). 
White crystalline solid. V. sol. alcohol and 
other. 

DI-ISOBDIYL-DMOLYL-THIOCKEA 

SC(Nn.C.U:,(CH„)(C,H„)[6:l:3J)., [184°]. 

F’crmed by digesting methyl-isobutyl-phenyl* 
amine with CK., in alcoholic solution (Effront, 
B. 17, 2335). Long thin silky needles. V. soL 
ether, si. sol. alcohol. 

Di-isobutyl-di-tolyl-thionrea 
SC(NH.C,;H.,(CH,)(C,II,)[0;1:51)j. [175°]. 

White necdli-s. Kol. hot alcohol. Formed hj 
digesting mcthyl-isobutyl-plirnyl-runine with an 
alcoholic solution of (KITroiiL, D. 17, 2344). 

ISO-BTJTYL-TTItEA. 'Valeryl derivative 
NH(C^N„).C0.1SH(CO.C,II,). [10‘i^l. Fiat needles. 
Sol. alcohol and ether, bI. sol. water. Formed 
by the action of KOII on a mixture of (2 mols. of) 
valcramide (isopropyl-acetamide) and (1 mol. of) 
bromine (Hofmann, B. 16, 768). 
l 80 -^«ri-di-butyl-area 

CMe,.NII.CO.NH.CII^Fr. [103'^]. From ferf- 
butyl cyanate and'Asobutylamiiie (Brauner, B, 
12, 1«.5). 

Di.#jri-butyl-urea (CMe,NlJ)XO. [242«]* 
From fcri-butyl cyanate and ierf-butylamine (B.)* 
ISO-BUTYL-XANTHAltflDE v. Tiiio-carbonio 

ETUKKH. 

BUTYRAL V . Butyric aldehyde. 
BBTYBAMIDE v. Amide o/Butyuio acid. 
Bi-isobutyramide (OaH,.CO)._.NlI. [174®]. 
Formed by the action of ammonia on isobutyr;^ 
chloridc^ilofmunn, jB. 15,‘J81). Long needles. 
Sublimable. Sol. alcohol. On distillation it 
splits up into isobutyric acid and isobutyro* 
nitriic. 

n-BUTYRIC ACIP ic. 

CH,.CH...CTI...C().n. Arol. w. 88. [C.--3®]. 

(l()2^cor.). S'G.-;’*9604(Drulil); 1)76(Zander); 

VP •9670; p'9588 (Perkin,O'. J.45). O.E.(0°-10®) 
•00104 (Z.)'. M.ra. PI 72 at 18*8'’ (P.). 1*4025. 

R 35-50. S.V. 1U7'85 (II. Schill, A. 220, 106); 
108*3 (Z.). S.H. *440 0^ (Schiff, A, 234, 300). 

'• Occurrence. —1. Butter contains 2 p.c. of 

glyceryl butyrate (Chcvreul, A. Gh. [2] 23, 23). 
Rancid butter contains free n-butyric acid (QrUn* 
zweig, A. 162,193).—2. In crude wood vinegar.— 

3. In perspiration (Schotten, J, 1852, 704).— 

4. In muscular juice (Scherer, A. 69, 196).— 
6. In the contents of the large Intestine.—6. At 

I hexyl butyrate in oil got from fruit of Heraclcum 
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figanUvm. —7. The fruit of Pastinaca saliva 
contains octyl butyrate.— 8 . In cheese (c.j. of 
Limburg) (Iljenko, A. 63, 268). 

A great many veg^.able and animal juices 
and oils contain butyric acid, but in most cases 
it has not been determined whetlier the arid is 
«- or iso- butyric acid (Gorup-Besanoz, A. 69,369; 
Klinger, A. 106, 18 ; Kramcn Ar. Ph. [2] 51, 9; 
Wagnar, < 7 . l>r. 46, 155; Scherer, A. 69, 196; 
Eebling, Ar. Ph. [2] 92, 83 ; 93, 300). 

Formation. —1. A prod net of the lormontatioh 
of sugar, starch, milk, iibrin, and most kinds of 
vegetable and animal matter (I’elouze a. Golis, 
A. 10, 430; Lerch, .4.49,2Jd; Bonaparte, 

C.E.21,1070; Erdmann a. llaivliand,pr. 29, I 
468; Wurtz, A. 52, 291 r Scharling, A. 49, 313; 
Schubert, J. pr. 33, 250; Sullivan, J. 1858, 280; 
Bitthausen, Z, [2J 4,314).- -2. By fermentation of 
calcium lactate; 2C,|H„0, = C,U„0™ •( IJCO. -t 2 II.. 
3. Along with n-butyl alcohol by the fermentation 
of glycerin through a Schizomycetes in presence 
of OaCOj (I’itz, 71. 9, 1348).—4. By the action of 
CrO, on albuminoids (Gnckclbergor, zl.64, 08).— 
5. By the action of IINO 3 on fats (Itcdtenbaclier, 
A. 59, 49) and on Chinese wax (Buckton, C. J. 
10,166).—6. By oxidation of coniine (Blyth, A. 
70, 89).-- 7. By the aceto-acetio ether synthesis 
(Frauklanda. Duppa, A. 138,218) v. Aceto-acktic 
ETHE it.— 8 .By passing CO overamixturc of NaOJit 
and NaOAcat 200 ': C..1 I^NaO + C..n,Na 0.3 + CO = 
CHNaOj -I C,ll;NaO.. (b'rohlich, A. 202, 300). 

Preparation.— iiagtit (0 kilos.), water (26 
litres), and tartaric acid (3U g.) are left for some 
days, after which there is added putrid cheese 
250 g.), sour skimmed milk (8 kilos.), and chalk 
3 kilos.). The mixture is kep); at 30" to 35" with 
occasional stirring. Calcium lactate is Oi'.st 
formed, and this is afterw'ards decomposed with 
evolution of hydrogen {v. Formation 2) ; at tho 
end of six weeks tho evolution of gas ceases and 
tho whole is now converted into’calcic butyrate 
(Bensch, A. 61, 177, cf. GrUlone, A. 105, 127; 
Liebcn a. Eossi, A. 158, 146; and Eitz, It. 
11, 62). Crude butyric acid may be purilied by 
etherification, followed by saponification ,)f tho 
butyric ether (121‘) (Bannull, 13. 19, 2552). 

Properties. —Liquid, miscible with water, of 
powerful unpleasant smell. Separrted from 
aqueous solution by CaCk.. Its barium salt is 
more soluble in alcohol than those .of formic, 
acetic, or propionic acids. Its calcium salt is 
ppd. by boiling a solution saturated in tho cold. 

Peactions. —1. Boiled wifh UNO,•it gives 
succinic acid (Dessaignes ; Erlcnmlyer, A. 180, 
207).—2. With CrO, it gives CO, and acetic acid 
(Griinzweig a. Ileoht, if. 11, 1053).—3. With 
MnO, and dilute H,S(\ it gives propyl butyrate 
(Veicl, A. 148, 164).—4.fl'hesilversaltdccom- 
poses on dry distillation according to tho equation: 

40,H,.CO,Ag = 30,11,.CO,U i CO, + C -t 4Ag 
(Iwig a. Hocht, B. 19,240). - 5. Distillation over 
zinc-dust at 350" gives di-propyl ketone, propyl¬ 
ene, CO, U, and other ^noducts (Jahn, B. 13, 
2115). 

Salta.-NaA'.-KA'. S. 125 at 15". Very 
deliquescent—MgA' oaq. Very soluble plates.— 
CaA',. S. 20 at 0°; 18 at 22°; 16 at 60° ; 10-2 
at 100" (Chancel a. Parmentier, 0. B. 104, 474; 
Hecht, A. 213, 69). Trimetrio needles.— 
CaA', aq. S. 19-6 at 22".—(0aA'.,),(C,H,O,) 6 aq. 
CaA',CaOU(C.H,OJ,.—CaCl,(C,H,0,), 2aq (Lie- 


ben,. JIT. 1, 926).—SrA',. S. 40 at 22“.— 
BaA',4aq. S. 40 at 14°. S. (alcohol) 11-7. 
Trimetrio.—BaA', 2aq. — BaA',C,H,0., (Milter, 
Am. 8 , 343).—BaA'j'^CaA',. Begular octahedra 
(Fitz, B. 13, 1314). ZnA', 2aq. 8 . 11 at 16". 
Monoclinic prills. Gives pp. of basic salt on boil¬ 
ing. —PbA',: oil.—PbA', 2PbO. — PbA',2CaA',: 
cubes. — CuA', 2aq. Monoclinic. CuA', aq. 
Triclinio (Alth, A. 91, 176).—CuA2Cu(AsOJ, 
(Wiihler, A. 94, 44).—AgA'. 8 . -343 at 4-6". 
Needles or monoclinic prisms. 

itethyl ether (102°). S.G. g-9194 (Gar- 
tenmeister, A.s,‘J3'i, 249); $ •9194 (F.lsiisscr, A. 
218, 314); i '948 (Kahlbaum, B. 12, 344); 
■8962 (Briihl); J? -9037; S -8945 (Perkin, C. J. 
45, 483). M.M. 5-387 at lli-l" (V.). S.V*. f26*35 
(B. .Scliiff, A. 220, 332). gp 1-3930 (BrAl). B 
43-11 (B.). C.E. (0" -I0") -001156 (E.). 

Fithyl ether. —Mol.w.llO. (121"cor.). V.D. 
3-99 (for 4 00) (S.). H.G. g -9004 (Gartenmeister); 
" -8996 (K.); -898 (Linm-mann a. Zotta, A. 

161, 178) ; '- 2 ' -8892 (B.) ; J-5-,S849 ; p -8762 (P.). 

M.]\r. 6-477 at 16-1" (P.)'. 8.V. 150-23 (8.). 

Pf, 1--1007. Bo, 50-.33 ^B.). C.E. (0"-10°) 
•001162 (E.). Smells Iike,pinc-apples, in which 
it occurs as well as in other fruits. 

AlUfl ether (140°) (Cationrs a. Hofmann, 
2’)-. 1857, 555; A. 102, 296); (145°) (Bcrlhelot 
a. De Luca, A. 100, 360). 

Propyl ether (143° cor.). S.G. °-8930 
(E.); 7- 1-879 (Liuncmann, A. 161, .53). S.V. 
173-85 ( 8 .). C.E. (0"-10") -001077 (E.). 

Iso-propyl ether. (128°). S.G. 3 -879; 
-’"-•865 (Silva.A. 1.53,135). 

n-Bulyl ether (16.5° cor.). S.G. -8878 
(G.); a -876 (Liniicm,ann,z(. 161, 19.5);« -889 ; 

-872 (Liebcn a. Bossi, A. 158, 170). S.V. 
197-8 (G.). C.E. (0° 10") -00105 (G.). 

Iso-butyl ether (1584) (S.); 157° (E.). 
S.G ." -8818 (E.); 3 -880; 1" -866 (Griinzweig, A. 

162, 207). S.V. 197-66 (S.); 200-53 (E.). C.E. 
(0 -10°) -001093 (E.). Velocity of bromination: 
Vrceltf-B. 13, 1693. 

n-Ami/1 ether (181-8“). S.G. g-8832. CJ!. 
(0°-10°) -00099. S.V. 222-3 (Ga.). 

Iso-amyl ether. (170°) (DeMs, A. 92, 
278); (178-6°) (E.). S.G. 2 -8823 (E.). S.V. 
221-52 (E.). C.E. (0°-10°) -001014 (E.). 

Hexyl ether. (205°). S.G. g-8826. C.E. 
(0°-10°) -00096. S.V. 2.40-4 (Ga.). From Ilera- 
cletim (Franchiraont a. Zincke, A. 163,198). 

Meptyl ether {22r>“). S.G. g-88-27. C.E. 
(0°-10“) -00093. S.V. 270-2 (Gartenmeister). 

Octyl ether. (24.5°) (U.); (242°) (G.). 

S.ft. g -8794. C.E. (0°-10°) -00091. S.V. 295-6 
(G.). From Pastinaca saliva (Benesse, A. 166, 
80). 

Cetyl ether. [20°J. (c. 265") at 200 

m.m. S.G. 32 -856 (Dollfus, A. 131, 285). 
Ethylene ether v. Glycol. 

Ethylidcnc,.ether v. j^i-b\Uyryl ortho- 
Aldehtce p. 106. * 

, Olyceryl ethetr v. Glyceiiin. 

Apnide CjIL-CONH,. [115°]. (216°). 

Prepared by heating ammonium butyrate under 
pressure at 230° ; the yield is 75 p.c. (Chancel, 
A. 52, 294; Buckton a. Hofmann, 0. J. 9, 241; 
D. 16, 982).-IIg(C,H,NO)j. 

Antfidc C,H,.CO.NH(C,H.). [92°]. Pearly 
plates (from dilutealcohol). Sol. ether. Formed 
by heating butyramide, butyric anhydride, or 
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ehlorido with aniline (Gerhardt, J. Ch. fSl 37, 
829; Kelbe, R. 16, 1200 ). 

Chloride C,H,.COCl. Mol. w. 106-5. 
G01°). S.G. f 1-0277. Its f-4178. R 41-43 
(Briihl, A. 203,19). From butyi-ic acid (96 pts.) 
and PCI, (100 pta.) (Buroker, A. [,5J '26,468; 
Xiinnemann, A, 161,179), Converted by sodinin- 
araalgain ip^o dibntyryl (C,II,0)... AI..CI, foi-iiis 
Pi-ystalline C,,U„0, [107°] ‘ biityro - biityrvl - 
butyric anhydride.’ NaOH lorma C,,H,,'NaO. 
(Conibea, C. 11. 104, 853). 

Bromide C.H.O.Br. (128°) (Borthelot, J. 
1857,344). • 

^^lodide C,H,O.I (147°) (Caboura, A. 104, 

]i»i.j-,(^idcfC,H,0).,0. (192°). S.G. -978. 
V.D. 6*38 (ot 3 .). From sodium butyrato (4 ptTi.) 
and POCl, (2pts.) or BzCl (2^ pts.) (Gfriiard), 
A. 87i 155). Also from bntyryl chloride anti 
butyric acid (Limicmann, A. 101, 170). Heated 
witli sodium butyrate at 180^^ it forms di-propyl- 
ketone (i’erkin, C. J. 49, 325). 

Peroxide (C^HjOLO.,. From butyric au- 
hydride and Bz.,0... Oif (Brcdic, Pr, 12, 055). 

Propyl cyanide. Mol.w. 
09. (119°). S.G. -- *795. bWmed by distillin'^ 
the amide or ammonium butyrato with r.O^ 
(Dumas, 2 I. C4, 334; Henke, ^l.'lOG, 272). 

Isobutyric acid (CJ1,)-.C1I.C0..I1. Hoi. w. 
88 . (153'^ cor.). H.G. -}:• -yOT; 5,157 (Perkin, 

C. J. 45,487) ; -OlOO (Briibl) ; f •9()51 (Xandei ). 
C.E. (0°-10-) -OOllO {'A.). S. 20 at 20\ M..M. 
4'479 at 17*8° (P.). S.V. 108-57 (K. SchilT,/I. 
220, 105). n,, 1-3079. 35-48 (B.). S.tl. 

•435 at 0° (Schilf, A. 23-1,300). Jlcot of solution 
973 . Heat of neutralisation in dilnte solution 
13089 (Gal a. Werner, JJl. [2] 40, ^01). Vapour- 
ivcssurc: Bicliardson (0. J. 49, ; "h. 

Occurrence. —1. In St. Joliu’s bread, the fruit 
of Ccratonia sili([ua {Grilnzwoig, A. 158, 117; 
1(52, 193 ).—2, In the root of Ar7iica montana 
(Sigol, A. 170, 3-i5). — 3. As an ether (isobulyiic?) 
in homan oil of chamomile (Kopp, A. 195, 85; 
Klibig, A. 195, 9(5).—4. In human excrement 
(Bricgcr, B. 10, 1029). 

Formation. —1. From iso.propyl cyanide and 
potash (Markownikoff, A. 138, 301).—2. By 
saponifying di-mctliyl-acoto-acctio ether (Priiuk- 
land a. Dnppa, A. 138,337).—3. Aqueous calcium 
butyrato whicli Iiad been heated and cooled in a 
sealed tube 30 or 40 times in IQ years was 
found to have changed to the extent of 10 p.o. 
into calcium isobutyratc (Erlenmeycr, .1. 181, 
126).—4. By the oxidation of pyroterobic acid 
(Williams, B. 0,1094). « * 

Preparation, —By adding K.Cr.D, (4 pls.)»to 
a cold mixture of isobntyl alcohol (3 pis.), IJ^SO, 
(5^ pts.) and water (15 pts.). Isobntyl isolmlyrato 
separates. It is distilled with moist potasli, and 
the potassium salt is distilled with strong IBSO. 
(Pierre a. Puebot, A. Ch. [4] 2^306). 

Prcfi^erties, —Unpfoasant smelling liquid. 

Beactions. —1. Oxidised b# CrO. iiuxture at 
140° to CO 2 , acetone (PopolT, Z. 1871, 4) yind 
aoctio acid (Erlenmeycr, Z. [2] 7, 67).—2. Oxi¬ 
dised by KMnO, in alkaline solution, to 0-oxy- 
isobutyric acid, (CII,),C(OII).Cti,n, according 
to Kichard Meyer’s rule that when the group CII 
is united to three carbon atoms it may be oxi¬ 
dised to C.OH.—3. Calcic isobutyratc on distil- 
lalion gives di-isopropyl-ketone, with smaller 


quantities of methyl ferf-butyl ketone, iso- 
butyric aldehyde, and isobutyric acid (Barbagli* 
a. Gucci, G. 11, 84). 


acid 


Salts.—More soluble C>au those of n-butyrio 
id.—CaA',aq: small plates. S. (of CaA'J 20 


at 0 ’; ^8 at 80°; 2.") at 100°.—CaA'..f)aq: long 
miiuoelmic prisms (Chiinccl a. I’lirmeutier, G. li. 
164, l77|.-Si'.V.,.7n |. S. 44 at 17° (liydra- 
ted) ((Ininr.weig). - l’>a.\'., laq. Mouefclinic.— 
llaVdl.X' f74°J (Mixhn-," -hit. 8, 346).— 
l!aA'„l.ia(C,H.|0.,.).j aq.—ZiiA'.jaq. S. (Iitilratod). 
17 at -2(1’.—I’bA'^. S. 9 at 16°. 'i’rimetrio 
plates. Melts under hot water.—AgA'. H. -93 
at 16°. I’lates. 

J/cthyl ei>*er. (9-3°). S.G. $ -9112 
(Eisasser, J. 218, 332). C.E. (0"-10^) ‘001223 
(1C.). S.V. 126-5. II.F. p. 109,(560. H.F. v. 
116,7(50 {Th.). 

Ethyl ^ther. (110^). S.G. <'-8004 (E.) 

-8758 ; •8670 (Perkin, C. J. -15, .Is?). M.M, 

(5-479 at 21-8° (P.). C.E. (0° lO'-’) -OOllnO (E.). 
S.V. 148-86 (E.); 150-68 (Scliiff, A. 2-20, 333). 

Propyl ether. (135°). S.G. '/ -8813 (E.), 
C.E. (0°-10°) -001039 (E.). S.V. 173-7 (E.): 
17-1-2 (8.). 

Iso-propyl ether (120°). S.G. ^ -879 
(PrilH'am a. Handl, M. 2, (591). 

tso-hutyl ether. (ll(5-6’) (E.); (149°) 
(8.). S.G. -8750 (E.). C.E. {()'-10°) -000994 
(E.). S.V. 198-2 (S.) ; 19(5-0 (E.). 

Iso-aviyl ether. (169°) (E.). S.G.i-8760. 
C.E. (0°-10°) -001031. S.V. 223-04. 

Benzyl ether v. p. 493. 

Amide [129°J. (c. 218 ). Prepared by 

t heating animoni nn isobutyrale at 230° under 
: ])ii‘ssui-o ; tlio yield is 90 p.e. (Hnfmaiui, B. 16, 

; 982 ; <?/. Letts, B. 5, (572 ; Miiucli, A. 180, 340 ; 

; and Di-/.s-f)-inj-TYJtAMiDK). 

i Ji ronto - amide CglI,.CO.NllBr. [92°]. 

t Prepaid by the acl-iun of bromine and KOH on 
! isoliutyramide ^ilof'pann, B. 15, 755). Large 
cnldiirless 'icod't , so(. Coher, si. sol. water. De* 
i composetl by caustic alkalis iido propylamine, 

! IIBr, uiid CO.j, but by curbonatetl alkalis tlio reac* 

! tioiish^is half way with iiroduclion of propyl 
I cyanate. 

j Iso-propyl-amide PrCO.NHPr. [102°], 
j (210-’). Formed by the action of acetyl chloride 
I on di-i.sopropyl acetoxim (Meyer and Warring- 
I ton, G. J. 51, (585). Also by tho action of iso- 
1 butyryl chloride on isopropylaniine. Colour- 
I less transparent needles v. sol. alcohol and' 

: ether, n- *iol. water Sublimes at ordinary tern- 
I peratures ai .1 distils without decomposition, 
j Is decomposed by }jrolonged boiling wi .li alco- 
■ holic potash into isobuP-iic acid and isopro- 
I pylamine. 

I -IntHtZc C 3 n,. 00 .'inC„Hi. [103°]. From 
isobutyric acid and aniline (Norton, Am. 7,116). 
Prisms. 

p-Broino-aniHde C:,n...CO.NII.C„n,Br 
[1:4J. [1-38°]. From the jn-eceding and Br (N.)^ 

* Chloride CJI^.CC^l. (92') (Markowni- 
VofY, Z. 1860, 50i). S.G. 10174 (Bruhl, A.. 
203, 20). ixs 1-4136. 41*41 (B.). ZnMe- 

(1 mol.) followed by water converts isobutyryf 
chloride into a ketone (190°), S.G. 2’ 

•870 (Pawlow, A. 188, 139). ZnMe, (2 mola.)- 
followed by water forms tertiary butyl alco¬ 
hol and sometimes a ketone C,JL.,0 (218°k 
S.G. 2-864. \ f 
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Bromidt (117^. 

Anhydride {d,H,0),0. (182*). S.G.-^ 

■9574 (Markownikoff, Z. 1866, 501; Xdnnieg a. 
etanb, B. 17, 860). | 

Nitrite (CH,),OH.CN. (108=“). From iso¬ 
propyl iodide, KON, and alcohol (Ifarko^nikoff, 
Bl. 1860, 63). From isobatyric acid and potas¬ 
sium sulphocyanide (Lotts, lU. 6, (169). 

n.BOl'YKIO ALDEHYDE C,II,0 i.e. 
CH,.CHj.CII...CHO. (74°). Mol. w. 72. S.G. 
V -8170 (Briihl). 1-3893. 11..^, 32-93. S. 3-7. 
•Got by distilling calcium butyrate with calcium 
fojinate (Linneraann, A. 161, 180; Lipp, A. 
2ir,7!!>5). From casein by oxida* ion with H.SOj 
and MnO., (Giickelbcrgcr, A. G-i* 39). 

lieaction. AipicAis NaOII and NaOAo 
iorm oily C,n|,0 (173°). It is probably 
l’r.CH...ClI:CEt.CnO as it reacts with phenyl- 
hydrazine and combines with bromif o (Itaujrcu- 
strauch, Jlf. 8,108). 

Ammonia compound 
(CH,)jCH.OII(OH)(NIl2)3iaq. [31°]. Trimetrio 
pyramids. V. si. sol. water, v. sol. alcohol, m. 
aol. ether. Deliquesce above 4°, giving off water. 

Bisulphite compound C^H^ONaHSOj 
<Juslin, B. 17, 2505; Kahn, B. 18, 3364). 

Butyraldines. Dibutyruldino GyH,,NO and 
tetra-butyraldino OijH-jNO, are formed by the 
protracted action of alcoholic ammonia on 
butyric aldehyde (Schiff, A. 157, 352). Butyral- 
dine, on distillation, gives para-coniine C^lIi^N. 

Butyral C,H,0 (?) (95°). S.G. 3? -821. A 
product of distillation of calcic butyrate (Chancel, 
A. Ch. [3] 12, 146; Limpricht, A. 90, 111; 
■93, 241). Reduces AgjO. Does not combhio 
■with NU,. Combines with NaHSOt. 

Reactions. —1. Air or Ag„0 forms butyric 
acid.—2. Chlorine forms C,H,C10 (141°) and 
C,H.CljO (200°).—3. PCI, forms C,H,Cl(c. 100"). 

Isobutyrio aldehyde (CtI,)jCH.CHO. (84°). 
S.O. ^5 -7972; U -7879 (Perkin, C. J. 45, 476); 
^ -7938 (Briihl, A. 203.,18Vf S. 11 at 20°. 
Pe 1-3777. Boo32-89. HTP.p. 61,340. H.F.V. 
39,310. M.M. 4-321 at 19-3°. 

formation. —1. From isobutyl aleSiol by 
■ohromio mixture (Pfeiffer, B. 6 , 699 ; Michael, 
son, A. 133, 182; Pierre a. Puchot, C. R. 
70, 434).—2. By heating iso-butylcr.e bromide, 
^OH,),CnBr.CHBr, with water (20 vols.) at 160° 
(Linnemann a. Zotta, A. 16'2, 36).—3. By dis¬ 
tilling calcium isobutyrate (Popoff, B. 6 , 1255; 
■Barbaglia a. Gucci, B. 13, 1572).—4. By dis- 
-tilling calcium isobutyrate vjith calcium formate 
^Linnemann a. Zotta, A. 162, l).%-5. By distil¬ 
ling colophony (Tilden, B. 13, 1604). 

Preparation.—A mixture of cone, aqueous 
E,Cr,0, with an cqiral volume of H.,SO, is 
«lowiy run into a flasft containing iso-butyl 
alcohol (100 g.) and water *(200 g.) until the 
layer of alcohol has disappeared. The product 
is distilled. The yield is 56 p.c. of the theo¬ 
retical (W. H. Perkin, jun., C. J. 43, 91; cf. 
Fossek, M. 4,660). • 

Properties.—Pungent liquid. Forms a coni- 
pound with NaHSO, from which it is separated 
by potash without change. 

Reactions. —1. By the action of potash (4 g.) 
in alcohol (140 g.) upon the aldehyde jSO g.) the 
following bodies may bo obtained; isobutyrio 
acid, an acid C,jHjjO, (246°-265°) and an alde¬ 
hyde —2. It more potash (8 g.) and a 


higher temperdture be used, the neuira^ndnets 
are: 0 „H„Oj, 0 |jH„ 0 ,?, CaH„ 0 „ 0 , 4 Hu 04 and 
0.,sH„0, (W. H. Pjrkin, jun., 0. J. 48,101).— 8 . 
Aqueous potash forms an acid CiHuO, [76°-80°], 
a crystalline body C,H|,0, [90°], and di-oxy- 
octane (Fossclff M. 3,622).—4. PCI, gives ohloro- 
isobutylene Me_,C:CHCl ( 68 °) and (U-cbloro-iso- 
butane (104°) Me.,CH.CHCl 2 (Oeconomides, 0. R, 
92, 884).—5. H.,[i and aqueous ammonia form 
isobutyraldinc C,.,H„NS.,(Pfeiffer,B.5,700), 

6 . CS, and cone. NH,Aq give NH.,.CS.SN(C,H,), 
[91°]. Prisms, insol. water, v. sol. alcohol— 

7. Alcohol aitd HCl followed by NaOEt form 
di-ethyl-ortho-iso butyric aldehyde 
CMe.,CH CH(OEl), (135°). S.G. H -996, V.D, 
143-5, and, when some water 4s alsmj5rl?soJt, a 
compound C|„IL„0 (223°) (Oeconomraes, Bl. [2] 
36,210; C.li 92,886).—8. Gives with ammonia 
a crystalline compound (C,II,),N,H 50 (Lipp, A. 
205, 1; 211, 344; B. 13, 906; 14, 1746). 

7C,H,CnO + 6 NH, = CH,0 + (C,n,CH),N AO. 
When the product, ‘oxy-hepta-iso-butyUdene* 
amine’ [32°J, is heated, it first splits up into 
2NII|, C,II,0 and 2(C,H,),K.,. The latter is 
hydro-butyramide, an oil, nearly insoluble in 
water, v. sol. alcohol or ether. If quickly heated 
it distils at 154°, but if heated slowly it splits 
up into NH, and CjHuN. Hydro-butyramide 
or tri-isobutylidene-diamino is not affected by 
boiling KOll, but dilute IICI splits it up into 
butyric aldehyde and NH,. It is, therefore, 
C,H,:N.C,II..N:C,II,. Dry IICN added to its 
ethereal solution forms the dihydroohloride of 
(Cy.C,II,.NlI) 2 C,Ha a body that is decomposed 
by water into isobutyrio aldehyde and amido- 
valero-nitrile. When hydro-butyramide is slowly 
heated it does not, like hydro-benzamide, change 
into on isomeride, but splits up, giving C,H„N. 
This compound, ‘ iso-buteuyl-bntylidene-amine,’ 
is a liquid (146°-147°) at 715 mm., nearly 
insoluble in water, miscible with alcphol or 
ether. It is not affected by aqueous KOH, 
but ftiids split it up into isobutyrio aldehyde 
and NH,. It would thus appear to be 
(CH,),CH.CH:N.CH:C(CH,)r It combines with 
Br, forming C,H„NBr„ a body that, when kept 
for a long time, and then treated with water, 
gives NH,Br, isobutyrio aldehyde and bromo-iso- 
butyric aldehyde, or rather a polymerido of the 
latter [129°]. If C,H„NBr, be at once treated 
with -water, the unstable liquid bromo-butyrio 
aldehyde is probably formed (Lipp.). 

Oxim C,H,.CH:N(OH). [139°]. Colourless 
liquid. Sol. water. Formed by the action of an 
a»|ueouacolution of hydroxylamine on isobutyrio 
aldehyde (Petraezek, B. 15, 2784). 

Description of con.lensalion products, ob¬ 
tained as above (W. H. Perkin, jun., C. J. 43,90). 

Acid C|.,n„0, (245°-255°). Bro-wnish oil. 
Reduces ammoniacal Ag,0. 

Compound, C„Il 2 ., 0 . (164°-167°). Oil. 
Ethereal odour. Reduces ammoniacal AgjO. 
Combines slowly frith NallSO,. Decomposes on 
pro^mged heating. Is probably Urech’s C,H,,0 
(B. 12,191). With Na and wet ether, it is re¬ 
duced to C„H„0, (170°-175°), an alcohol (?) 
which does not combine with NaHSO,. 

Compound Ca,H „04 (223°-226°). Oil 
Smells of camphor. Very slowly combines with 
NaHSO,, forming needles. Reduces ammoniacal 
Ag,0. V.D. 167 (Theory 842). With Ao,0 it 
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forms 0 »H ,^04 (940*-842®). Oil, srhioh with 
Ao,0 at 200® gives (ygr„Ao,0, (248’-262°), 
When saponified by KOH.a body C»,H „04 
(e. 220®) is formed. j « a t 

Compound (260®-a53°). Oil. V.D. 

(air-1)12-9 (Theory 13-7). ^ 

Compound CaH„Oj (227®-229°) at 100 
mm. Thicbioil. Decomposed when heated under 
atmospheric pressure. 

Oi-isobutyrio di-aldebyde Cjr,„0.^. at 

18 mm. V.D. 6*2 (calc. 6*0). This polymeridc 
of isobutyric aldehyde is obtained, together with 
octenoio aldehyde (?) C„H,*0 (15#®) by lieating 
iMbvityric aldehyde with cone, aqueous NaOAc at 
*6^ (Fossek, M. 2, 622). It is an oil, soi. alco- 
hoi ana%*Jier, f(5(ming a crystalline compound 
with NallSba. 

Iso-butyric paraldehyde (CJl80)3. [60®]. 

(195®). V.D. (H = l) lOi'8. From iso-butyr- 
aldehydo by HCl, PCls, Cl, Br, or I {Bar- 

baglia, B. 5, 10.'52; 6, 1064; G. 16, 430; Dein- 
tsohenko, B. 6,1176). Needles (from water or by 
sublimation). DihiciUtly attacked by oxidising 
agents (Uroch, B. 12, i749). Does not combine 
with NallSO;, or reacte-vith NH^. At 150^ it par¬ 
tially changes to ordinary isobutyric aldehyde. 

Iso-butyrie poly-aldehyde (CJI„0)„. S.C. ^ 
•969. Prepared by leaving isobutyric aldehyde 
in contact with dry NaoCOg. Thick liquid. Si. 
sol. water. Decomposed on distillation, with 
separation of water and formation of isobutyric 
aldehyde and con<lensation products (Uroch, B. 
12, 191, 1744 ; 13. 4H3, 590). 

BUTYRIN 11 . Glyccrin. 

BUTYRO-CHLOEAL v, Tia-ciinoRo-BUTYmo 

ALDETIYPn. 

BUTYaO-COlTMARIC ACID i’. Oxy-piienvl- 

PBNTKNOIO ACID. 

BUTYRO-CREATININE v. Metutl-amido- 

BOTYRTC ACID. 

BVTYRO-FURONIC ACID C.,n,.,0, i.e. 
CO.H.OTT:Cn.OO.CII...CH,..CH...ClI.'C()..TI (?). 
[142®]. Prepared by treating furfurvaloi .C acid 
with bromine-water and subsequent action of 
silver oxide. White crystals. Sol. water and 
alcohol, bI. sol. ether. By >11 and P it is reduced 
to azelaio acid (Toennies, B. 12,1200). 

BUTYRO-LACTONE v. y-OxY-imTYiiic acid. 

BUTYROLIC ACID V, TkTIIOMC ACID. 

BUTYRONE v. Di •PROP YD-KKT(»NE. 

BUTYEOKITRILE v, NUrile of Butyric acid. 

BUTYRO-PINACONE ue. 

CPr,(OH).CPr^(OII). Di-oxy-tetradeemir,. [68®]. 
(260®). From di-propyl-ketone, water, and Na 
(Eurtz, A. 161, 2X5). Crystals, snsclliiig tof 
camphor, si. sol. water. ^ 

BUTYRO-THIENONE v. Tuiknyd i-iu.pyl 

SB TONE. 

DI-BUIYUYI. CJI„Oj i.e. Pr.CO.CO.l'r. 
Di-propyl di-ketone. (‘245®-260°). From butyryl 
chloride and sodium-amalgan,or zinc (Fn^uini, 
A. 118, 35). Yellow oil. Boiled with potash it 
forma butyrate of potasaiuin 8,nd a liipiid C;.*I,,0| 
which doea not uiiile with NH., or .NiiflSO, 

Mono-oxim C,II,.CO.C(NOH).C.,H,: tijick 
oil; can bo distilled in small quantity witliont 
decomposition. A di-oxim has nut been obtained 
(Miinohmeyer, B. 19,1846). . 

BUTYEYt-ACETOPHENONE 
O.Hg.CO.CH^.CO.C,!!,. Benzoyl-methyl-propyl- 
itlom. (174® at 24 mm.). B.Q. 1-061 at 16®. 
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Colourless oil. Conned from acetophenone and 
butyric ether by EtONa (Beyer a. Olaisen, S, 
20 , 21 *). 

laobtttyryl-aeetopbenm'.e 
CaH,.CO.CHs.OO.C,H,. Bentoyl-melhyl-iso- 

propyl-^efonc. (170® at 26 mm.). ColourlesS' 
liquid. Formed from acetophenone and iso- 
butyrio ether by EiONa (Buyer a. Claisen, 

20,2181). .# , 
BUTYEYL-AMIDO-BENZOIC ACID 
BrCO.NH.CyH,.00^11. [209®]. From jt-butyria 
ctlior (20e.c.) and ni-amido-benzoio acid (lOg.)- 
at 180® in sealed tubes ^l'ellizzilri, A. 23-2,148). 
Sol. water aud^bjobol. 

BUTYRYL l^tOlrllDE v. Bt-rYuio acid. 
BUTYRYL CHLOHIBE v. Bt Tvitic acid. 
BUTYRYL CYANAMIDE v. Cy.vn.vmide. 
w-BUTYRYL CYANIDE CUl NO ix. 
PrCO.CN. .^33®-137"). Prom Ag'C.N and PrCOCl 
(E. Moritz, C. J. 39, 1(»). 

n-Di-butyryl di-cyanide (PrOO)._.(CN )2 
(c. 234®). By-product in picj'aratioii of above. 

Iso-butyryl cyanide Pr.rX).(:N. (117'-120' ). 
From PrCO.Cl (40 g.) and AgON (50 g.). Bad 
yield (E. Mcritz, C. J. 39, 13). The greater 
part of the product is di-iso-butyryl di-cyanide 
(226®-228 ‘). S.U. -96. 

BUTYRYL IODIDE v. Bc’i yutc acid. 
BUTYRYL-MALONIC ETHER 


C,ir,.CO.CH(CO.,Kt).,. (247® .Formedbythe 

action of butyryl cliloridc upon ^ 1 odi(^malonic 
ether. By nitrous acid it is coiisf i tod into iso- 
nitroso-biilvryl-acf'tic othcf (I.:mi;’, ./j. 20, 1326). 

BUTYRYL PEROXIDE />. JIutykic acid. 

BUTYRYL-PROPYL-UltEA v. iSntyryl dcri- 
valive of pROPYL-CRKA. 

BUTYRYL SULPHOCYANIDE (180®). From 
bufyrylcliloridn and lead siilphuc.yanido. Dccom- 
po.scs wlnm boiled (Miqiicl, A, dk. [5] 11 295). 

BDTYRYL-UREA v. Ijio v. 

BUXElNr'. An alkaloid nxlraclod by dilute 
oxalic acid ivon*tliojmik of tin; bo.v 1i<-c Buxiis 
sct/ipryvircna. Yeliowiidi-wiiilo er.vidalliue sub- 
staiRB^. sol. alcohol and «.Mur, id. sol. water. 
]lNO;,^dves a groenish-ycllmv colouration turn¬ 
ing brick-red. ILSO, gi vi a a blood-rod colour. 
Uiiroiiiic acid mixture gives an orange pp. 
(Alcssandri, O. 12, 96). It porliaps identical 
with buxine. Barbaglia finds four allmloids in 
the leaves and twigs of (be bo.\ : buxine, para- 
buxine, buxidinc, and buxinidiiio {O. 13,249; 
B, 17, 26x5). 

BUXJNE 0„II.NO,(?). An alkaloid extracted 
by dilute oxVlic acid from tin; leavi's of the box 
tree. White crystalline suljslanri', sol. alcohol 
and other, si. sol. waki. Jl.NO;, give ; a purple- 
red colouration. IPS. >4 j'V; s a. l»riok-red colour. 
Chromic acid mixture'givos a canary-yellow pp. 
(Alessandri, 0» >2, 96; Barbaglia, IS, 4,767; 
FauiA, J. Vh, 16, -I i 8 ; Couerlie, J’/i. 1854, 51). 
According to We.'z {•/. 1861), 518) buxine is 
iilontical with beoecrine ('/. r.). 

Parabuxine (.■') An alkaloid oc¬ 

curring in loth leaves and l;irk of tho box' 
tree. It is a reddish-purple amorphous rosin, 
sol. water and alcohol, insol. ether. HNO» 
gives a permanent greenish-yellow colouration.- 
ILSO^ gives a greenish-yellow colour becoming 
dark. Chromic acid mixture gives no pp.— 
B'^HaSO^.—B"2HCl.-B"H,PtCl, (Pavesi ft. Ito- 
tondi, G. 4, 192 ; Alcssandii). 
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CACAO V, THZOBBilfINB. 

CACODYL V, p. 318. # 

CACOSTEYCHNINE A^^roduct 

of tlie action of HNO3 (^n stryclinino {q. 
Golden iwcdlcs (from dilute IINOJ or hfxaj^nnal 
plalla (^om cone. IICIA4). SI. sol. most 
menstrmi, sol. alkalis, fonniiio red solution?.— 
B'jII.rtCld (Claus a. Glassuer, IS. l-l, 773K 

CACOTHELINE 0,„1I,,N.0„. A pror.iict of 
thv;- 2 ction of ITNCX, on hnicmo.{'i. v.). Orani^o 
laminu3 (containing aq). \(i‘oak base; sol. 
alkalis, v. si. §ol. hot 'yatov, iiLsol. alcohol and 
etlicr.—B'BaO 7aq.-13'..U..l*tCl,i [yirccker, A. 
91, 7C; C. li. 39, 52 ; ItosTiigartoii, A. 55, 111; 
Claus a. llohre, B. 14, 7()5). 

CADAVEEIC ALKALOIDS 1'. ri’liMAlNES. 

CADET'S FUMING LIQUID r. p. 318. 

CADMIUM, Ca. At. w. 1117. Mol. w. 
111-7; gaseous molecule is luonalonue. [320'] 
(Person, A. Ch. [3J 27, 250; l\udl»‘i•;^ P. 71, 
400; V. Itiomadyk, C. aV. 20, 32). (703 -772^-') 

/Carnelloy a. Williams, C. J. 33, 2>?i). !S.(r. 
(molten) 8‘G5, (liaimnercd) 8'8 (Stromevor, S. 
22, 3C2; Schroder, P. lOC, 22(3; 107, 133; 
Matthicssen, P. 110, 21, Ac.). V.O. 55'8 
(Uoville a. Troost, C.2i. 52,920). S.H. (()" -100^) 
■0518 (Bunsen, P. 141, 1), -0507 (Ih.-miult, 
A. Ch. [3] 20, 208). C.E. (linear, 0^-100^’) 
•003323; (cubical for P) -OODUOl (Kopp, A. si, 
32; Matthiesson, P. 130, 50; iMzcau, C. 

08, 1125). T.C. (Ag = 100) 20-00 (Ijorcuz, W. 
13,422). E.C. (Hg at 0’=i'l) at O’, 13-4G; at 
100-\ 9-5 (Lorenz, IK. 13, 122 a. 582). Heat of 
fusion 13,000 (Person, P. 70, 120). S.V.S. abt. 
12-8. Emission-spectrum eliaractcrised hv linrs 
3009'6, 3405-4, 2747-7, 2572-2, 2313-0, 228S-9 
(Hartley, T. 1884. 03). 

Cd was discovered by Strqmeyer in 3817 in 
a specimen of zinc earbuXate (iS'. 21, 297; 22, 
8G2; V. also Hermann, Cf. A. 59, 95). The 
n&inec£ulmium was derived from cniiuiiL. /os^ilis 
by whicli name zinc ore was then knowji. 

Occurrence. —With 'An in various iiaiivc sul¬ 
phides, carbonates, an<3 silicates, especially in 
the Silesian zinc ores {v. Daiuour, /. pr. 13, 
354; Stadlor, J. pr. 91, 359; Blum, J. 1858. 
734; Bunsen, A. 133, 108). CJS occurs nearly 
pure as Qrecnocldte at Bishopton in Benfrew- 
shire. 

For>natioyi .— In the disti’datioicof crude zinc 
oxide with clinreoal; the greater part of the CJ 
distils over before the An. 

Preparation. — ZpO containing CdO, or 
metallic Zn containing Cd, is dissolved in dilute 
HoSO,Aq or HClAq; the warip solution is satura¬ 
ted with IIjS; the CdS thoroughly wasliod and 
dissolved in cone. IlCIAq; most of the Ireo HCl 
is removed by warming, tlio .solution is diluted 
and filtered, and an exc(i ;s of (NH^)jC03 is added; 
the pp. of CdCOj is well wasliod, dried, and 
strongly heated; the CdO thus produced is 
mixed with ^ of its weight of pure powdered 
charcoal and heated in a retort of liard-glass or 
porcelain when pure Cd distils over (Stromeycr, 
S. 22, 362). 

Properties. —White with slight blue tinge; 
very lustrous; soft, but harder than zinc; very 


malleable, du^ile, and flexible; more tenacious 
than tin ; ci^stallises easily in luonometrio 
forms, chiefly the octahedron (u. Kiimmerer, B, 
7, 1724; also G. Bose, P. 85, 293).^ Vapour la 
yellow. Cd does not decompose water even at 
100'^; but if Cd vapour and steam are passed 
through a hot tube the steam is decomposed 
(UegnauU, A. Ch. 02, 351). Cd oxidises slowly 
on the surface by exposure to air; when heated 
ill air it burns to C<lO. The atomic weight of 
Cd has been determined (1) by finding tlie V.D. 
of, and by analysing, CdBi-o (ATeyer, 1292; 
iHimas A.CV/.. 13] 55,158; iluiitingt'aoP.Aw.A. 
17, 28); analy.scs of CdO.O, (Lensseii, J. pr. 
79, 281}; vodnetion of CdSO^ to CdS (v. Hauer, 
C. C. 1857. 897); analyses of CdO (Streunoym-, 
S. 22, 3GG); (2) by determining the S.H. of Cd 
(Buiiseii, P. 141, I; Ib.'giiault, A. Oh. [3] 20, 
208); (3) by comparing, as regards cryst.alline 
form and geueval reaetioifs, salts of Cd with salts 
of Zn, Be, Mg, and Hg. In the gaseous mole¬ 
cule CdBn (tliis is the only compound of Cd 
whoso V.l3. has been determined) the atom of 
Cd is divalent. The gaseous molecule of Cd is 
monatomic. Cd is adistinctlyinetailicelcmciit; 
it acts on JICIAq, H.jSO,Aq, i:e.,evolving H and 
forming salts of tlie form CdX. wliero - CL, 
Br.^, SO^, CO:„Ac.; many of these salts combine 
witii the similar salts of the more positive 
metals (K, Ca, j\rg, Ac.) to form double salts; 
but few basic salts of Cd are known, tlic most 
marked arc derived from such weak acids ns 
ILCrO,, IIjBO;,, etc. N'o componiid of Cd 
oxhihiU any acidic functions. Cd<J.,,IJ^ acts lo- 
W!ir<ls acids as a salt-forming hydroxide ; its 
heal of neutralisation by ILSO,Aq is about tlie 
same as that of tlie cori-espondiiig hydroxide of 
Mn, Ni, Co, Fc, or Zn, [CdO ll-Aq, l'r-S0'Aq] = 
23,8^'* {v. Th. 1, 339 a. 430). CdOJt is d^- 
hydratod by Jieat; the oxide CdO is not convei ted 
to OdO-dL. by direct addition of H.O. Cudmimn 
is closely related to Zn, it is loss positive thuu 
that metal; it is also related to Mg on one haml 
and to Hg on tlie other (i». Magnksium guoup ok 
KLii.iri':\TS). 

Jicactions. —1. Heated in nh-, or 0, CdO is 
produced. - - 2. Heated nearly to redness in 
bromine, CdIJr._. is formed.—3. Aqueous solu¬ 
tions of Ujjdrochloric, sulphuric, or nitric, acids 
are deoompo.scd by Cd with formation of chloride, 
sulphate or nitrate of the metal. — 4. Heated 
wt^h SO.Aq to 200^ CdS is formed (Geittnor, 
A. 129, 354); possibly sulphite and thiosulphato 
are tirst formed (u. Schweitzer, C. N. 23, 293; 
b’ordos a. Gclis, A. 50, 200). 

CombbuiHons.--Most compounds of Cd are 
formed from the oxide or otiior salt. Cd com¬ 
bines directly wfth the elements 0, Cl, Br, I, P, 
S, Se, Te, and wi^h many metals (v. Cadmium, 
oxiDK OP, Ac., and Cadmium, allots op), 

bctectioyi and Estimation. —Fonnation of 
the yellow sulphide, CdS, insoluble in dilute 
HClAq and also in solution of ammoniam sul¬ 
phide, characterises Cd salts. Cd is usually 
estimated by ppn. as CdCOj (by K*CO,Aq), the 
pp. is strongly heated, and the CdO is weighed, 
Separation from other metals may be eflectei 
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by repeated ppn. by H^S, and solution of.CdS 
in oonc. HClAq. Cd may be ppd. as oxalate j 
on ^this tact is founded a volumetric method of 
estimation. * 

Cadmium, Alloys of. Usually prepared 
by melting the metals together. Several are cha¬ 
racterised by low melting-points. An amalgam 
with_ Hg formed at ordinary temperalnres : 
by dissolving Cd in warm Hg, and pressing, a 
crystalline amalgam, having the comiKisitiou 
Hg.Cdj, and S.G. 12-02, i.s foriia'cl; hy cotii- 
pletcly saturating Ilg with Cd, oetaluxirul 
crystals uf Hg/Jd, melting at TiV, are produciMl 
(Gaugain, 0. H. 42, 4;J0; JtfgnauM, C. Ji. r>l, 
779; Crookewitt, J. pr. 102, 05 a. 1 * 21 ); Koijp, 

46y;>l8G). •Easily fusible alloys witli JU 
agreeing i^composition with the fonnuhu IjiCd,,, 
BiCdo, anti BiCd, aro known (Malthlos^cn, P. 
110, 21). Various alloys of Cd with (i) J>i and 
Pb, (2) Bi, Pb and Sti, (il) Jii and Sn, ant also 
known ([1] Wood, I), r. J. IG1, 308; v. Ifiiain*, 
J. pr. 94, 43G : [2] Lipowitz, D. P. J. 158, ;57(»: 
[3] Wood, l.c,). Ally's witlx Pb(Wood, C. A. ♦», 
135); Na (Somiensclioin, J. pr. G7, H»9); Tl, ami 
withTlandBi (Carsio.njt.ui,102,155 a. 12'.)); 
and Sn (Itiidbcrg, J. 1817, 7i), have In -.'ii ( 1 < 3 - 
scribed. An arsenide, yVsCtl.,, is .said to bo 
obtained as a faintly rcd-colourcd alloy, S.(h 
G*2G,byreducingthoai-s(.'nalobyKCX (Drseump.s, : 
C. ii. 8 G, 1022 a. 10G5). 

Cadmium, Arsenates of. Cd.,(As(),),,.:>Il,0, 
and. Cd.,U._,(AsO,).^.4]LO; v. ai:si:x.vti;.s, under : 
Aiujenic, acids of. 

Cadmium, Arsenide of. Cd., 2^3 v. Cadmiusi, 
Alloys of. 

Cadmium, Bromide of. CdBr.. Mol. w. 271*2. 
[570°J (Ournolley, (J. J. 33, 27.S). (S()G'-.S]2 ) 
(Carnelloy a. Williams, O.3/, i 2 G). S.O. "'’j 
4-794 (Clarke, Am. 5. No. 4). H.h\ [C-l,Br'-J i 
75,200; [CdJJr-jAq] = 75,G 10 (Xhomsen). 

Prcparatimi. —By heating Cd to rcflnoss in 
Br vapour; or by dissolving CdCOa in IJJJrAq 
and subliming. 

Proparlics and Reactions. —Wliile, crystal¬ 
line, noil-hygroscopic, solid; soluble in water, 
ether, and alcohol; deoompostd by IlXO,.\n 
(Bodeker a. Gicsecko, J. .18G0. 17; Croft, /’. M. 
[3] 21, 355; Bertbeinot, .<4. G/t. 44, 387; Baiu- 
inolsberg, A. 11, 2G7). 

Co 7 a 5 h?ai/an. 9 .—Dissolved in H^O, and 
evaporated, yields long white ^ noe«lIos of 
CdBr.,.4H,.0; these aro dehydrated at 200 '^ 
[CdBrS4H‘0] « 7,730 (Thoms.'n). CdBr.Aq 
and KBrAq mixed and evaporated yield 
2CdBr.j.2KBr.HD, and on further ov^poratAm 
CdBr. 2 , 4 KBr. The double salts ^ 

2 CdBr 2 . 2 NaBr. 5 ILO, and CdBr,.BaBr,.lir/), 
have also been obtained (v. Hauer, /. pr. G-l, 
477; 09, 121. Croft, J. pr. (58, 3'.I9). CdJ 5 i^ 
absorbs NHj to form CdBr^-dNH.,; all NU^ is 
removed by Cone. 'ttlBr^Aq saturated 

v/ith NH;,, and evaporated, givofs crystals of 
CdBro.2NHg (Croft, P. M, fl] 21, 355; Bam- 
rnelsberg, A. 44, 267). • 

Cadmium, Chloride of. CdCI.. Mol. w. un¬ 
known; probably as represented by formula 
OdOl*. [541^] (Carnolloy, C. J. 33, 279). (8G1®- 
954°) (Parnelley a. Williams, C. J. 35, 5G4). 
S.G. ^ 3'656 (Clarko, Am, 6 , No. 4), S. (20°) 
140; (100°) 150 (Kremtirs,P. 103.67; 104,133; 


105, 360). H.P. [Cd,C10-03,240: [0a,Cl*,A.i3 
«96,S50 (Thomsen). 

Phparation.—Jiy dirsolvjiig Cd in HClAq 
and heating to low rf.^ness the crystals of 
CdCk.^ILO which sepai4ite on evaporation. 

P^yperties and Reactunis .— Pearly, lustrous 
plates*; white powder after exposure to air for 
somotiiiK-. S. (20P-100°) nbt. 140 (Krcmcra, P. 
103,57 ; 101,133). In.-olublo in coy*. py^llAf]. 

Conljituilums. — 1 . Witli uater to form 
cTlloro.scviit prisin.sof r;dCI.,.2H.p; [CdCl-’,211-Oj 
-—2,250 (Tliomsfii); b. : t fibtaiuod by dissolving 
Cd, CdO, or CdCO:, in JlCIAq, evaporating, and 
crystallising.-2. With hydrochloric acid and 
'icatcr to form) JdOl...21ICL7irO : obtained by 
passing IlCI into C'lt.51...*:(|; easil; dccotiqiosed in 
air witii ovolulion of liCl; fCdcis2HCI,711-0]- 
40,200 (Bevthelot, C. R. 01, 1021).-3. With 
ammonia, hi form CdCL,.GN]J., and Od01..2Nll ,. 
CdCl.^.CNl:^ is obtained by passing Nil, over 
CdCl.jjOr by passing I ICl into CdCLAq (ionluining 
exfr-ss of NH., until the NIL i.s partly neutral¬ 
ised. .Loses 4N1I., by C-xposnru to air, leaving 
CdCI.^.2Nri,,; tins ootnponnd is also produced by 
C‘X 2 )osiMg to air a solution of (.M(.'l.. in excess of 
warm NllaAq (Croft, P. dA [Oj 21, 55 ; Schuhn', 
A. .S7, .34; V. Hauer, J. jo'. (51, 477 ; v. also 
Amliv, G. /vMOl, 0()8).— 4. Wit!) various 
cJiloriites to form double salts. Tiie.so salts have 
been prepared ebielly by Croft {P. M. [3j 21, 55), 
and V. Hauer (J. (53, 432 ; (i t, 477 ; GG, 17G; 

(50, 121); their crystal line forms, and tho tbermal 
Conductivit ies of some of them, liave been dc- 
t'aniiimd by Grailich [J. 1858. 1X2), and v. Lang 
(P. 135, 20). 'riie.si; double, cuiupoimds arc ob¬ 
tained by evaporaiiiig mixed solutions of the 
tvvo cliloridos; the ciiief are :— 

2CdCl,..2NTI^01.!l,.0 ; CdCl JlaOL. HLO; 

Cd('1...4 N11 ,C[; ' 21MC1 .1 :a(.:L..dI’O; 

2 CdCl.,.2K(:i.Al,,0; 2(.M(;r,.SrCl..'.7l I'O; 

CdOl.. IKCl; 2(;dCI.'.CaCL.7li,0; 

CaCl 2 . 2 NaCI. 3 n 2 G; CdClv2CaC1...12'fT„0; 

CdCr,. 2 MgCLl 2 H 20 ; 

Cd(.!|.,.MCL12H.,0 
when M - Co, Fo, Mg, ^In, or Ni; 

CdCJ...CuC].,,411,0. 

5. With the hydrochlorides of many organic 
bases to form double salts; c.q. with tolnidine 
4(C-H.,N.lICI).3CdCl„.LH,.0 (Williams, G. G. 
185G. 47 ; Galletly, G. C. 185(5. (5l((5). 

Cailii'.ium, Cyanide of. C<l(CN).,. Prepared 
by Avaforrting IvCX.Vo with CdCLAq (v. 
Cyanides). 

Cadmium, Fluorido of. CdF.,. Mol. w. un¬ 
known ; probably as t-opmsenteJ by formula. 
[.'■,20“] (Oariiollcy, 0. .1. .'i'.'S, 2 K 0 ). S.G.?;^ 5'994 
(Clarke, Am. 5, N/i. -4). Hard, white, crystalline 
mass; by evaiHirating solution of CdO in 
IIFAq; not easily soluble in water; much 
more soluble iii llFAq (Berzelius, P. 1, 2C). 
By dissolving CdO oxide of Sn, Zr, or 
‘Mo in HF.Vcj, and eva])orating, the double com¬ 
pounds CdF.,,SnF,.GII,,0, 2 CdF.,.ZrF^.GH 20 , and 
0 «lF. 2 . 2 ZrF^.GH 20 , were obtained by Marignao 
(Ami. iir. [5] 15, 221 ; A. Ch. [3] 60, 257); and 
the double compound CdF^.MoO^j.OHjO by 
Dclafontaine (J. 1867. 23G). • 

Cadmium, Hydrated oxide ol^ CdOJI^O 9* 
ncYi urticlo. 





Gadmiiim, Hy&roxide of, CdO,H^ A white, 
ADtoipboufl solid, obtained by adding EOHAq 
to a wate aqueous solution of a Cd salt, tixrash* 
ing with warm water, And drying at 100^.200® 
(Sohaffner, A. 51,168;.' According to nicklfis 
(J, Ph, [3] 12, 406) CdO^Ha is obtained if crys¬ 
tals by keeping Cd in contact with^'Fe in 
NHjAq. De Schulten (C. /*. 102, 72) describes 
the ft^matjon of hexagonal crystals of CdOJl., 
S.G. 4*79, by dissolving 10 grams Cdl^ in 150 
0 . 0 . H^O mixed with 3(>0 grains KOI! contaih- 
ing 13 p.o. HjO, heating till all is dissolved, and 
oooling. Thomsen gives the thermal value 
[Cd,"0,H*0] = 05,680; and the following values 
for the heat of neutralisation solid CdO.JIa 


(ms, 285): . 

• 

Q 

[lI.QAq] 

H,SO. 

24,200 

H.,N,0, 

20,020 


20,:i(;o 

H,C1, 

20,200 

H^ir, 

21,000 

H,I, 

24,210 


The quantity of heat produced with the throe 
haloid acids increases as the atomic weight of 
the halogen increases; in this respect CdO.Hj 
is analogous to tlie corresponding compounds of 
Hg and Fb, an<l dil'fers from tlioso of Ihi, Ca, Sr, ! 
and Mg. CdO loses II.^O at 300® (II. Koso, 
P, 20, 152); Clio is not hydrati'd by contact with 
H 2 O; according to the thermal values given by 
Thomsen {Th. 25,285; and 113,354 a. 137)010 | 
reaction CdO + 11.0 •= CdO l l. would require the i 
expenditure of about lO.oiio units of lioat. | 

Cadmium, Iodide of. Clio. Mol. w. un- | 
known, but probal.ly as represented l>y the • 
formula. [4Ul®J (Carnelley, G. J. 33, 278). 
(708®-710®, with decomposition) (Carnelley a. 
WiUiunis, C. J. y7, 120). S.O. O'Cll, and 
4*026 (y. }*rcparnlion a. l'?op>yt\cFi). H.F. 
[Cd,!*]-48,830; fCdJ-,Aill-4';-H70 (Tliomscn). 
V| = Vy (14*(J()()08748/), Gi^ot greater than 40® 
(Fizeaii, C. It. 04, 31 J). 8. (20 ) 32-6; ( 60 ®) 
107*6; (100®) 133-3 (Kromers, P. 103, 5t ; 101, 
133; 111, 60). 

Preparation and Properties. 1. By heating 
together Cd and I, in the ratio Cd:L, in aijsence 
of air.—2. By digesting together Cd and I under 
water (Stromeyer, S. 22, 3(i2).—3. By evapora¬ 
ting a solution of 20 parts Kland 15 parts CdSO, 
to dryness, dissolving in alcohol, and ciystaili- ^ 
Bing {Vogi--l, N.H.P. 12, 333).—4. By^lissolviug : 
CdCOg in lilAq, decoloniisfng ]j|. addition of 
clippings .of Cd, and crystallising (Clarke, Am. 
6, Ko. 4).— 5. By dissolving C*! in JllAq, evapo¬ 
rating, and crystalli'-mg (Clarke, Lc.). Accord¬ 
ing to Clarke (/.c.) Cill. qKists in two forms ; the 
normal salt is white, is uncl^anged by heating 
to 250®, and has 8.(1. 5-641; tiio other salt is 
brownish, loses weight even at 40^, and Inis 
B.G. 4*626. The conditions under which liie 
less stable salt i.s foitjind have not yet beeii 
exactly detennined ; Clarke obtained it twi«-rt. : 
by the action of IflAq on Cd and on CdCKB. 
The S.G. of the less stable salt increa.-;es by 
heating to 50® for some time.' If the formula- 
weight CdL is divided by the S.G., the results 
are, for the stabler salt 151-8, and for the loss 
stable salt 79*2; now S.V.S. of Cd + S.V,S. of 
l.^-.64*3 (Clarke, l.c.). 


QorMnatiem$.^\* With ammonia Iq form 
Cdl2.6NH,»a&d Od^2NHx; obtained as the 
corresponding CdCl, compounds (q. o.): both ara 
decomposed by HjG with ppn. of CdO^Hs (Bam- 
melsberg, P. 48.. 163). — 2. With some metallic 
iodides to ionA double salts; Croft (J.pr. 68, 
399 ) described OdI3.2KI.2H2O (aqueous solution 
of this salt pps. most of the organic bases 
from plants ; Marm6, N* P. P. *16, 306); 

CdI3.2NHJ.2H3O; Cdr3.2NaI.6H3O; 
CdI2.BaIj.5n3O; and CdI2.SrI3.8H.3O. Clarke 
{Am. 5, No. 4 ) obtained Cdl3.3Ilgl3 as gold- 
coloured platen*. 

Cadmium, Oxide of. CdO. Mol. w. unknown. 
S.G (amorphous) 6*95, (crystalline) 8*11 (Stro¬ 
meyer, S. 22 , 362; Werther,^ J.pr. 5f!, 168; 
Schiilcr. A. 87, 34; Sidot, C. It. ; Fol- 

lenius, Fr. 13, 279). Il.F. [Cd,0] =75.500 (cal¬ 
culated from data given by Thomsen, Th. 3, 
285; P. 143, 354 0.497). 

Preparation. —As a dark-brown, amoiphous, 
infusible, powder, by burning Cd in air or 0; 
or by strongly heating CdOallj, or CdCO^. As 
black-brown very small'octahedra (or other 
forms of the monomotric system), by strongly 
heating Cd.2N02, or CdS(^4 (Wevther, fx.; Schu¬ 
ler, l.c .; Ileiapath, B. J. 3, 109). 

Properties (tV.—llrdueed to Cd by heating 
with C. At red lieat Cl forms OdClj. 
Beadily combines with 00.^ forming CdCO,. 
Dissolves in aqueous acid with production of 
Cd salts. Thomson (i^ 143, 354 a. 497) gives 
the thermal values, [CdO,n-'SO'Aq] = 14,240 
for crystalline CdO, and 14,510 for amorphous 
CdO. 

^farchand (P. 38, 145) supposed that a 
lower oxide than CdO was formed when CdC.^Oi 
was heated; jbttt Vogel’s experiments {J. 1855. 
390) seem to prove that tlie suhstanco was a 
mixture, in varying proportions, of CdO and 
Cd. 

By the action of n 302 Aq (about 3 p.c. H 3 O 3 ) 
on iv -i-it CdO.TL, Haas '(P. 17, 2219) obtained 
an oxide of Cd containing moro O tlian CdO. 
Analyses gave results agreeing fairly with the 
formula Cil,Oj,, in one case with Cd,0-. These 
results were confirmed by Bailey (G. J. 49, 484) 
wJio obtained Cd^O^ by the action of H-^O.Aq on 
CdSOjAq followed by addition of NU:,Aq. The 
pp. obtained by tbesc methods may have been 
a mixture, or possibly a loose compound, of 
CdO and C <403 (a. Haas, l.c. 2255). 

Cadmium, Phosphides of. Cd and P are said 
to combine when heated together to form a 
gpy, slightly metal-like, mass, which burns in 
ai(to phosphates, and dissolves in HClAq with 
evolution of ITf, (Stromeyer, S. 22, 362). 
According to B. licnault (G. It. 76, 283) wlxen 
P vapour is passed over Jmt Cd, two phosphides 
arc formed, CdJ^ and Cd 3 P. Oppenheim (B. 6, 
970) desi-rihes CdaPj US a grey, rnetal-like, crys¬ 
talline substamfo, produced by lieating CdO 
w itli KoHAq and^, and heating in H. 

Cadmium, Salts of. Compounds obtained by 
repftieing the H of acids by Cd. The Cd salts 
form one series CdX.., when X.^'aCl.,, (NOj)^, 
(CIO,),,. SO., CO 3 , lira,, Ac. The V.D. of one 
sal^., CdBr. 3 , has been determined; from this 
result, and from the similarities between the 
salts of Cd and Zn, it is probable that the 
gaseous molecules of the haloid Od salts are 
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oomotly rtprosented by the formaU GdX, where Name dven because elemeni oharacterised by 
X»F, 01, Br, orl. The greater number of the two 8k)^iae lines in the spectrum, 

salts , of Od are soluble iuw^er; the aqueous • Never fr^e. Salts vQiy widely 

eolutione redden blue litmus piwer; they are distribul^d, but in very saiall quantities, along 
poisonous. The haloid salts ai9 not dcoom* with llb,^hio(ly as chloride and oxido ; in many 
posed by heat; salts of volatilisublo acids give mincrall^and mineral wahrs, in seawater and 
CdO when strongly heated. Many Cd salts are sea weed, in residuecs from saltpetre refining, 
isomorphous* with corresponding salts of Zn ; in ash of tobacco, tea, coil'co, and oak wodftc&O* 
some, especially more complex double salts, are (v. especially Luspeyres, A. I’M, 319; 138, 826 1 
isomorphous with corresponding salts of Mg, als{f Smith, .4»t. [2J 49,335; Erdmann, fT.pr, 

Ni, Co, and Zn. A groat many double salts 8(5, 377; Grandoau, C. U. 53, 1X00; Lonstadt, 
containing CdX 2 (X = Cl,lir,I) are inown; but C. 2/.‘22, 25 a. 44). The rare rnSncTsA Pollux^ 
few basic salts of Cd have boon prepared. The from Elb.a, acourding to analyses by Ihsani, 
principal Cd salts, are borate; hro}naie; ciir- contains 34 p.c. f)3 oxide oombiued with silica, 
bonahs ,v chloral, perchlorate; chromate; and is free from Itb (^1. 132, HI). 
cyanateSi iodate^ periodate; viohihdate; P/rpit.rati())i,—}, The mother liquor, obtained 

nitrates^ iiMrites; phosphates^ pJiosphitc; yclc- by rcptiitudly evaporating the water of the mine- 
nateSi selenite; sulphutes, sulphite, &c.; hni<j- ml spring at Nanheim, and separating from the 
state; vanadate: v. Boratks, CAiinoNATKS, iVo. crystals whicn form, contains nearly \ p.c.CsCl. 

Cadmlazn,Selonideof. CdSe. Golden yellow, I’e, Al, and the alkaline eartli inolala, are 
metal*liko, crystalline, mass; by heating Od in removed in the usual way ; the liquid is ovapo- 
Se vapour; S.G. 879 (Stromoycr, S. 22,3(12). rated, and healed to volatilise ammonium salts 
The same body is said^to be formed as a dark- added in the preceding processes; the residue is 
brown pp. by passing ILSo into solution of a dissolved in water and the Cs and lib are ppd. 
Cd salt (Vigicr, It/. 1801. *5; Renault, C. i/. 70, as double chlorides of Cs, orllh, and Pt, by 
283). addition of PtCl,Aq. The pp. is boiled in 

Cadmium. Silicofluoride of. CdSiP,,. Tjong, ■ a very liUlc water, and allowed to settle, the 
columnar, deliquescent crystals, obtained by water is poured off while still hot; this process 
action of ILSiF„Aq on CdO (Berzelius, P. is ropeal(‘d about 20 times, when the pp. will 
1,26). * be quite free from K.I’tOl,. and will consist of 

Cadmium, Sulphide of. CdS. Occurs native CsPlCl^ mixed with KI).^Pt01„. The pp. is now 
in hexagonal prisms (u:c = lrS1257) as Green- •. r<’duced in If, CsCl and llhCl are di.ssolved out 
ockite. OblaiiKjd a.^ an amorphous yellow solid, ^ in boiling 11^0 (Bottger, J. pr, 91, 120). The 
by repeatedly heating to duU^iodncss CdSO,in mixed chlorides f\Yc converted into sulphates, 
H.S (v. Hauer, J. pr. 72, 338)*; by passing 11..S these are dissolved m H.H, BaOAq is added, 
into a slightly acid solution of a Cd salt; by 13aS04 is removed by filtration, aud the filtrate 
heating Cd with SO-.Aq (Qeit’^ yd* 87, 31; is evaporated to dryness in a silver dish after 
Fordos a. Gelis, A. 50,200; Schweitzer, O'. N. addition of (NIl,)^CO:,; the residue is dried, 
23, 293). Obtained also in crystalline, form by ; dissolved in water, BaCO« removed by filtration, 
fusing the ainorplious CdS with K„COa and S ] and twice as (uuc*fi H.^C^HiOa is added as u 
(Schuler, .4. 87, j4): by heating CdUI., in U.S; ! rc .iiiired to Men'raUso the solution of Cb^CO, and 
or by melting together Cc1SO„ CaF^, anil '.'aS 118^00,; the liquid is evaporated at 100° and 
(Troost a. Deville, C. 72. 52, 020). CdS is also crystaiii cd; tlio pp. consisl.s of Call.C^IIjO, 
produced ill crystals, but in small quantity, by irii-red v, /li T!bII.C,JI,0,. As tlie latter salt 
passing S vapour over strongly iioated CdO, or requires 8 times as mueli II.p as the foi irier for 
Cd (Follenius, Fr. 1.0, 411; Sidot, 0. li. 02, solution, the two salts may be eom|>lctoly 
i)99). Crystalline CdS is non-volatilo at any separated by fractional jirceiiiitatinn; this pro¬ 
temperature ; it dissolves easily in boiling eonc. ccs.s is eontinned until t’lio eiystals of Cs 
HClAq, or dilute TI.,SO,Aq (Follenius, l.c ,; tartrate do not show a trace of lib in llie 
Hofmann, 4. 11.5, 2SC); S.G. 4-5, when melted spectroscope (Hurison, 7’. 119. I; Allen, P. M. 
4'6. Schifl (4. nr., 74) descriiied AdS,, as a ft] 25, ISO), By heating llie tartrate, and 
yellow powder obtained by the action of K..S,Aq dissolvin': tl« residue„in H,;SO,Aq, and ciystal-. 
on a neutral Cd salt in solution ; aecordiii}; to lising, Cs^SO, n:.ly be prepared; tliis is dissolved 
Follenins {Fr. 13, 411) this yellow soli*! is a. in 11,0, decomiwsed by BaOAq,and the solution is 
mixture of CdS and S. / filtered andcvaporatedtod ynessinasilvcrdish, 

Cadmium, Sulphocyanfde of. Cd(CNH) ,. Ob- when CsOH is obtained. Tbs CsOH is dissolved 
tained by action of HCNSAq on CdCO,; v. in absolute al.tolml, and d 4 y IICN is passed into 
SUPPHOCTANIDES, Under CvANtt.ss- this solution ; CsC'' tints obtained as a white 

Cadmium, Telluride of. CdTe. Black crys- solid (Setterberg, A. 211,100). A mixture of 4 
tals, S.G. 6-20, by heating Cd jvith To, and parts CsCN and 1 pe t Ba(CN).j is heated just to 
snbliming the product* in II (Margottet, C. 7i. ; melting in a porcelain crucible, and an electric 
85, 1142). • M. M. B. M. eutront from 2 or 3 Bunseif cells is passed into 

' CADHIUH ITHIDE CdEt.,. Obtained in tlie'molten mass, in the manner described by 
impure condition from EtI and Cd. Takes fire Bunsen (7k 15,5, 633). The contents of the 
in air (Wanklyn, 0. J. 9, 193; Sonneusohoin, ; crucible are thou warmed under petroleum when 
J. or. 67 169). i Gt® metallic Cs molts into globules (Setterberg, 

OMsivit. Cs. At. w. 1.32-7. [26'’-27°J j 4. 211,100).—2. The mixed chloridesof Cs and 

(Setterberg, 4.211, 100). S.G. 1-88 (Setter- Bb, obtained as in 1, are converted into Bul- 
berg, Z.C.). S.V.S. 70-7. Discovered by Bunsen ! phates, and then into alums by adding- 
and Kirohofl as chloride in the water of a ^ A1.3S0,Aq and evaporating. Bb alum is 4 
mineral spring at Dtirkheim (P. 113, 342). limes more soluble than Cs alum; Cs alum 
Veil. I " 
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CESIUM. 


mt^y he obtained quite free from Bb by a few ofV.D. of CsOl, and analyses of the same salt; 
orystallisatioos. The Cs alum is dismlved in by Bunsen (P. lid, 853; 119, 4), by Johnson 
hot H,0, and ppd. by NH,Aq, the liquid Wintered a. Allen (Am. 85, 94), and by Godeffroy 
from Al^O,, evapora^^d to dryness in I Pt dish (A. 181, 185); (2) by comparing the reactions 
and strongly heated to remove {NH 4 ).B 04 ; the of Cs compm'iids with compounds of Li, K, Na, 
residue is dissolved in 11^0, and BT-CL^Aq is and Kb. One gaseous compound of Os has been 
added so long as a pp. of fonns; the pp. obtained; the 8.II. of the metal has not been 
is filtemd off, NHjAq and (NH,). 4 C 03 Aq are determined. Cs is positive to all other elements 
ad^d td the filtrate, the liquid is kopt warm (v. Alkali metals). 

for some time, and is then filtered from , any Combinations. —No compounds of Os have as 

BaCOs which has formed; tho filtrate is ova- yet been prepared directly from the metal. When 
poratod to dryness, and heated to fusion ;■ cone. CsCIAq is electrolysed with Pt as the +, 
solution in H.^0, treatment with Nfl^Aq and | and Hg as the — electrode, an amalgam of Os 
(NHJjCOj,evaluation, and fusion arc repeated; j and llg is formed, and solidifies to a white 
finally CsCl is obtained by dfcsolving the fused | crystalline mass; tiio Cs in tJiis amabjaii, very 
mass in ll^O, and crystallising (Godeffroy, | quickly oxidises to CsOH. 

A. 181, 176; Kodtcnbacher, J. pr. 95, 1-18). Di'icclhn and J^stimation.-^lost of the 
This is conveiled into Cs^SO^ and then into salts of Cs aro easily soluble in water. Cs salts 
CsOH which is treated as desuibed in 1.— may bo d<5toctcd by the comparativo insolubility 
8. Lepidolitc (a silicate of Al), from Hebron, in in 11,0 of Cs.PtCI^ (v. lUepumtion, No. 1), and 
Maine, U.S,A., contains about *4 p.c. Cs oxide i by the spectro.scopo. There is no satisfactory 
and *2 p.c. Kb oxide. The powdered itiiiioral is | metliod for separating and estimating Cs salts; 
well mixed with 2 parts freshly slaked CaO, ' the ])p. by PtCl, contains Kb.PtCls and a little 
and very strongly heated for some time; tho I K.dHGl,,; by repeating tho ppn. tho y)p. may bo 
mass is powdered, half its weight of cone. ! obtained almost free rrom K.d'tCl,j; the pp. is 
HgSO^Aq is added, followed by water; the j tlieri reduced ai il, the CsCl and ItbCl dis- 
whole is boiled, filtered, and evaporated to solved out, the liquid evaporated and the residue 
dryness; tho residue is dissolved in water, I weighed; tho Cl is then estimated and the 


filtered from OaSO^ and evaporated until the 
alums of K, Cs, and Kb crystallise out. About 
4 kilos, of the crude mixed alums was prepared 
by Setterberg (A. 211,100), and dissolved in hot 
water, so that the solution had S.G. = 20-’ 
Bcaum4; tins was cooled slowly to 45°, when 
the Cs and Eb alums w.ro deposited, as they 
are insoluble in cold cone, potash alum solu¬ 
tion. The alums were dissolved in a little hot 
water and again cooled, and then solution and 
crystallisation was continued until the crystals 
were free from potash. Cs a'ium is 4 times loss 
soluble in Il^O than Kb alum, and is insoluble 
in a saturated solution th’e latter; tho mixed 
alums were dissolved in a little liot water, and 
allowed to cool, Avhen Cs alum sepa ated with 
a little Kb alum; this process was repeated 
until pure Cs alum was obtained. The alum 
was dissolved in hot water, enough BaOAq 
added to ppt. Al^O., and all the H-^SO,, the 
solution was filtered oil and evaporated to 
dryness: the CsOH thus obtained was dissolved 
in absolute alcohol, and CsCN was pr^ pared; 
the CsCN was then electrolysed as described 
in 1. (For other process^^s for* preparing pure 
salts of Cs V, Godeffroy, B. 7, ^241; Cossa, B. 
11, 812; Stolba, D. 1\ J. 197, 33G ; 198, 225 ; 
fiharples, Am. Ch. 3. 453. For an account of 
attempts to prejidro tho metal by various 
methods similar to thSse used for preparing Kb, 
V, Smith, Aw. Ch. 6,106.)“ 

Properties. —Silver white, soft, ductile, metal; 
oxidises rapidly with production of heat and 
light in air; decomposes at ordinary 

temperature with inflammation of H produc/ed. 
Molts 26°-27"; S.G. at 16° 1-88 (Setterbeig, A. 
211, 100)* Spectrum oharacterised by two lines 
in the blue, Cs, ~ 4560, Cs# = 4597; *00005 mgm. 
Ca may be detected by the spectroscope; 003 
CsCl may be detected in presence of .300-400 
parts of KCl or NaCl; *001 CsCl in presence of 
1500 LiGl (Bunsen, Uc.). The atomic weight of 
Os bos been doterminM (1) by determination 


quantity of CsOl is calculated. 

Csesium chloride CsCl. Mol. w. 168*07 
(Scott, Pr. E. 1888). For ]>reparation i’. C.ksiuii, 
Preparation, No. 2. Small, white, cnboa ; not 
(lelicincscont when puro; partially decomposed 
' by melting in air, rcsiduo is alkaline. Melts at 
^ low red heat, and volatilises at a higher tempera- 
: ture. Easily soluble in ILO and alcohol. CsCl 
I forms several double compounds, insoluble in 
j cone. nClAq, with otherinotaUicchlorides; they 
, are obtained by adding CsCl in cone. HClAq to a 
■ solution of tlie other cliloridn also in cono. 
JiCIA<j. Tlio following are known: 2CsCl.CdCi2, 
2(^4Cl.HgCL, 2CsOI.ZtiCL, 2asCI.CuCl8, 

: 2CsCl.MnCl‘, 2CsCl.Ni01.; 2CsCl.FdCl„ 

; OCsCLFc^CI,’, eCsCl.PdCls, fiCsCl.SbCIa, 

: CsCl.AuCl,, 2CsCl.rtCl4 (Stolba, D. P. J. 198, 
225; GodolTroy, B. 7. 375; 8, 9); 2CBCl.PtCl4, 
' H. (0°) •02-1, (100°) *377. When molten CsCl is 
electrolysed in an atnios];)herc free from 0, a 
; small blue mass is obtained which is dissolved 
I by H.^O with evolution of H; i)robably this 
I duo to fc mation of a subchloidde. 

I Caesium cyanide CsCN. Prei)arcd by the 
action of dry HCN on CsOH dissolved ia 
! absolqto alcohol; v. CYANinas. 
jo Caesium hydroxide C.sOH. Mol. w. unknown* 
] Prepared (as described under Cii^.siUM, Pro* 

! paraiion, No. 1) by decomposing Cs.SO^Aq by 
BaOAq, filtering off BayO„ and evaporating to 
dryness in a silver dish. Grey-whito solid, melt¬ 
ing below redpess; undecomposed by heat; deli¬ 
quesces in air, with production of much heat, to 
form strongly a'kaline CsOTfAq. 

Cbesiutu oxide. An oxide of Cs has not yet 
been prepared. 

Caesium, Salts of. Compounds obtained by 
replacing H of acids by Cs, CsOHAq acts as a 
i very strong base. The salts belong to one 

series CsX where X = 01, NO,, ^ Ao.; 

2 2 

the formula are established from tho rapoar 
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density ol CsCl, (Scott, Fr. E. 1888), and 
also by comparing the salts with those of the 
other alkali metals. The sal^s of Cs are very 
umilar to those ol Bb; they are well marked, 
stable, compounds; no basic salts are known; 
so far as investigation has gone the Cs salts 
show a marked tendency to form double salts. 
Most of the*salts of Cs are soluble in water; 
the solutions are ppd. by rtCl,A.q (yellow), by 
Ha-O^HjOyAci (white), bynCIO,Aq (white), and 
by siiicotungstic acid (white). The chief salts 
are ca/rbonatest nitrate, sclenatcs, silicotungstatc, 
sxUpliaies, tartrate (u. Caubonatiss.^’c.). 

M. M. P. M. 

C AFFEiC ACID 0,11^0, i.e. 

[4:3:il v'* :^^IJ!yr,.CH:CH.CO,H. DUxy-cin- 
namic acid, ^i-oxy-phcnyl-acrylic acid. 

ffonnation. —1. By boiling caltelaiinio add 
with aqueous KOH (Hiasiwetz, d. 142, 221).— 
2. From its acetyl derivative.—3. Powdered 
cuprea bark is extracted with ether followed by 
alcohol; the residue is boiled with aqueous 
KOH, H^SO^ is addoi^ and the liquid iillcrod 
while hot. Tlie filtrute, when cold, is oxluiusted 
with ether, and the ctli ireal solution, after de¬ 
colourising witli animal oliarcoal, is set aside to 
crystalliso (O. Kru-ner, /■‘A. [3J13, 2 lb).—!. b'roiu i 
hemlock (in which it is combined with con- I 
hydrine?) (Hofmann, B. 17, l'J22). | 

Properties. —Yellow monooliuic tables (con- | 
taining ^aq), v. o. sol, alcohol. The aqueous 
solution is turned green by FcXlu, on adiling 
NajCO^ it then changes to blue and violet, it 
does not reduce Feliling’s solution but rediu'^es 
warm ammoniacal AgNO^.- Its solution in 
EOHAq turns brown in air. 

lieactiofis. —1. Dry distilla'''i)i gives pyro- 
cateohin.—2. Potash fusion Ivm i;n proiocate- 
chuio acid.—3. Sodium amalgam reduces it to 
di-oxy-plionyl-propionio acid. 

Salt s.—Cf A'j 3aq. SrA'.. laq.- LaA^^ -laq. 
B&,iC,U,0,), 9a i.-Pb,(C,TI,0;), 2aq. 

Mono-methyl derivative v. FisiicLrc 

ACID. 

Di-methyl derivative 
OJl 3 (OJIo),.Oil:Cn.C<),H. [IHO'J. Formed by 
saponifying the ether or by heating caltcic or 
forulic acid with Mel and KOH. Wliito needles. 
Sol. alcohol and ether, nearly insol. water. On 
oxidation with KMnO, it produces veratric a(ud. 
Methyl other A'Me. [W]. Pri^^ms. Pre¬ 
pared by methylation of isoferulic acid (Tie- 
mann a. Will, B. 11, 651; 14, 959). 

Methylene ether 

0H,<Q>C.Hj.CII;CII.C03n. [232°]. I'orm^/l 

by boiling piperonal OHyO.^:CJI,.CFlO with 
NaOAo and Ac^O (Lorenz, B. 13, 757). Mijiute 
crystals (from dilute alooliol). Cone. JI.^SO, 
forms a brick-red solution.—AgA'. 

Acetyl-methyl ^dcrivatwe v» Acistyl- 

F£BULIO ACID. 

Di-acetyl derivative • 
Cja,(OAo) 2 CH:OH.COaH. [191®]. From caf^iTo 
acid and Ac^O or by heating protocatechuic aide* 
hyde (2 pta.) with NaOAo nts.) and Ao^O 
(6 pts.). Slender needles. V. si. sol. water, v. 
iol. alcohol and ether (Tiemann a. Nagai, 13. 
11,669). 

HydroHiaffe'io acid v. Dx-ozv-puunyl-pzioo 
noxno Aoxo. 


CAFFEltDZNE C,H,jN 40 . Formed, together 
with mdhylamine, 00^, and NH,, by boiling caf¬ 
feine wim cone, baryta-water (Strecker, A. 123, 
360; 151,1; C. D. 62, 1269; Schmidt, jB. 14, 
816; Sc^ultzon, i?. 1867,6x6). Alkaline liquid. 
Sol. wat. r, alcohol, and chloroform, si. sol. ether. 
Long bdiling with baryta-water gives methyl- 
amido-acetio acid, formic acid, C0,_.. and NET,. 
Cljromic acid oxidises it to di-niethyl-uftcaniido, 
moliiylamine, CO.^, and Nil,,, (Maly a. Audreasch, 
M. 4, 381V EtI forms CJI.^EtN^O. 

Salts.—B'IICl.—B'..H.,PtCl„4aq. 
CAFFElDINE CABBOXYLIC ACID 

Prt pared by the gradual solution ol 
caffeino in dilnt NaOIlAq; this solution is 
neutralised with HOAcanu Ihe cu| salt ppd. 
with Cu(0Ac) 2 (Maly a. Amlrt'asclj, M. 4, 369). 
Very soluldc crystalline mass; its aqueous solu¬ 
tion on boilir^ gives olf CChand leaves calTeidine- 
Salts. - IvA': golden syi up. IIgA'22IIgCl,: 
bulkypp.—CuA'^: iniiiutecryslallincgranules.— 
CaA-...—Zu A'..—CdA'.,.-MgA'... 

CAFFEINE C,H,Jn,0... TIuBic. [230’5M. 
S.Cr. iu 1-23. S. 1-3.', at 16®; 45-6 at 05® (Corn- 
inaiJle, C. li. 81, 817). »S. (alenhol) -61 at 16 '; 
3-12 at 7H\ S. (ether) •() 11 at U> S. (CS.) -06 
at 16’V S. (chloroi'onu) 1.3 at 16 

Occurrence. — 1. In colTeo herrios and leavei 
(riunge, Materialien znr l^iiylolvifie, 1820; Sten* 
liouse, 1\M. [4J 7,21 ; Pfaff a. Liebig,.-!. 1,17). 
ColTco berries contain from 1 to 1-28 p.c.caHeine; 
roasted coffee about P3 p.c. (Paul a. Cownlcy, 
iVi. [3] 17, 565; of, Stenhouso a. Campbell, G. J. 
9, 33; A. 89, 216).—2. In tea loaves (Oudry, 
Mag. Pharm. V.' 19; Jobst, .1. 25, 63 ; Mulder, 
V. 43, ICO). Tea contains 2 to -1 p.e.—3. In 
gnarana, tho drie<l pulp of I'auliuia sorbilis 
(Martius, A. 36, 93). (.Tiiarana contains about 
5 p.e. of caffeine.--4. Tn Mate or Paraguay tea 
the leaves and twigs of Ilex Paraguay ensis (Sten- 
house, P. M. '3] 23, 126). ,5. Jn tlie seeds of 
til*’ Kola fico [Col \ (icuniiuiita) of We.st Central 
Africa, to tho amount of 2*13 p.c. of the dried 
seed (A*tli(“l<l, Ph. [2J 0, 157). - 6. Present to a 
email ex .-nt in cocoa (E. Schniult, .4. 217, 306). 

Pormution. By healing .silver theobromiiio 
with Mel for 20 hours at 160 ': enffeine is thus 
flliown to be metliyl-tlioobrojniju* (Sfcri'ckcr, A, 
118, 151 ; E. Schniidt, A. 217, 282). 

Preparation.— 1. Tea or oolYeo is exhausted 
with boiling water; tannin is ppd. by lead sub- 
acetate ; +ho tlltrate is freed from lead by 
and ev» pointed to erystaliisation (Peligot,.d. Ch. 
[3] 11, 11:9). • 2. Haw ground coffee (.5 pts.) is 
mixed with moist lime (2 pts.) and *'xtractc<l 
with alcohol, chloroform, or benzene, frmn which 
the caffeine cryslalli. es oi- evaporation (Vers- 
mann, Ar. Pli. (2] 68 118; VT>geI, G. C, 
1858,307; Vtiyov' A. Ch. [3] 26, 108; Paul a. 
Cownlcy, Ph. [S'! 17, 565). -3. Tea or coffee is 
boiled with water .md either the whole, or elso 
tho nitrate, is evaporated to a syvnp, mixed with 
^aked Umo and cxLracied with chloroform 
(Ahbert, Pjlugcr's Arcliiv, 5, 589; Cazenouvo a. 
Caillol, Bl. [2] 27, 199).—4. By sublimation 
from tea (Ilciynsiup, J.pr. 49, 317).—5. A de¬ 
coction of tea is evaporated with PbO to a syrup, 
K.CO., is added, and caffeine extracted by alcohol 
(Cirosschoff, J. 1860, 470). 

Properties. —Mass of slender silky needles 
(containing aq); begins to sublime at 79® 

U U 2 
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M , 81. sol. «old water and aloohol, v. si. 

ar. Xbe crystals from alcohol aod ether 
are anhydrous. Weak base; the salft being 
decomposed by wa^r; does not afhet red 
litmus. Tastes bitter. Produces tetafus and 
rigor in the voluntary muscles ol frogs (jiubert; 
Brunton a. Cash, Pr. 42, g38). In men it in¬ 
creases the heart’s action, excites the nervous 
system, Vnd diminishes inetabolisin (?) (Leh¬ 
mann, A, 87, 205). Caffeine gives a yellow pp. 
with phosphoinolybdic acid. 

Eslimation.-'the various methods ot pre¬ 
paration may also bo used tor estimation 
(Stenhouse, A. 102, 12C; Lievcnthal, C. 0. 
1872, 631; Weyriclc. Fr, 12, ill!; I’uligot, Rep. 
Pharm. 82, VlO; Claus, J. 1863, 708, Zollor, J. 
1871, 818; Mulder, J. pr. 15, 280; Commaille, 
Bl. [2] 25, 201; Paul a. Cownloy, Ph. [3] 
17,665). «’ 

Colour Taif.—Evaporate with chlorine-water 
on platinum-foil. A yellowish residue is left, 
which on further heating becomes red, and is 
turned purple by ammonia (Sehwarzenbaoh, /. 
1861,871; 1865,730). Xanthine, theobromine 
and uric acid also give this test. Caffeine 
evaporated with cone. UNO;, gives a yellow 
residue (amalio acid) which is also turned purple 
(murexidc) by ammonia (Roehloder, A. 60,120). 

Reactions. —1. tlaseous chtoriiw or llCl and j 
KClOj give in the lirst place di-mothyl-.alloxan I 
and methyl-urea (E. I'isclier, A. 215, 257): 

C,H|„N A -10, -121LO = C„H,N,,Oj + C JI,N.O. 
Part ol the di-methyl-alloxan becomes amalic 
noid. Chloro-eaffoIne,mcthylamine, .and cyano¬ 
gen chloride are also formed, and, if the reaction 
is prolonged, di-mothyl-p.ai’abanio acid (cliolcs- 
tropliane). Bromine and water at 100“ act 
similarly (Maly a. Hinterborger, M. 3, 85).—2. 
Cold UNO, attacks it slowly, giving off CO, 
(1 vol.) and N,,0 (about 2 volt..) (Franchimont, ' 
li. T. G. 6, 223).—3. Hot dilute UNO, gives di- I 
methyl-parabanio noid (ll'enlfouse, A. 15, 386; 
46, 227; Eochleder, A. 69, 120 ; 71, l).-3. 
Chromic acid gives di m(!thyl-parabaijio acid, 
NH,, methylamiue, and CO,, (Maly a. Uinter- 
berger, M. 2, 87).—1. Boiling ftari/torenfer splits 
up caffeine into oaffeidino and CO,; the caffei- 
dine then breaks up into CO-, NH„ methylamine, 
formic acid, and methyl-amido-acetic acid 
(sareosine) (Kosengarten a. Streckor, A. 157,1). 
6. With cone. HCl at 250“ it forms ammonia, 
methylamine, sareosine, formic acid and CO, 
(B. Schmidt, A. 217, 270). 'The xolulho of NH, 
is to that of NMeH., a.s 1:2 Below 200“, HCl 
has no action. Hence the.u are three NMe 
groups in caffeine, C,H,„N,,0.. + 611,0 = 
2C0.,-t2NMeH,-tNH,-i Cn.,0,+0,H,N0,. ‘ 
Salts.—(E. Sehmidf, A. 217, 282; Herzog, 
A. 26, 344; 29, 171 ; BiederVnann, Ar. Ph. [3J | 
21, 176; Tilden, 0. J. 18, 99; 19, 145.) 
B'HOl.—B'lICl 2aq: monoolinio; deoomposed 
by moist air into HOI and caffeine.—B'2H01,— 
B'4HC1.—B',H,i, tCl, (at 100“).-B'HAuCl, 2aq d 
glittering plates.—B'HBr 2aq.—B'HI.—B'2UI. 
—B'HI, l|aq (Tilden). — B'HClClI: [176“]; 
yellow needles converted by NH, into a greenish- 
black pp. (Tilden, Z. 1866, 3.50; Ostermayer, B. 
y 18,2298).-B'HN0,aq.—B'HjSO,.—B'H.,S0,aq. 
Formate B'H-CO,.—Acetate B'2HOAc.— 
B u t y r a t e B'OiHjO,.—I s 0 V a 1 e r a t e B'CjHijOr 
— Citrate : prepared by adding a solution ol 


oiiHo aoid (1 p_t.) in aloohol (74 pts.) to one 
oaflelne (Im.) in chloroform (14l pts.) and evapo¬ 
rating. Bemi-cifsialline powder, aeoomposed 
by most solTOnts (Lloyd, Ph. [8] 11, 760). 
Aooording to Wnret (/. Ph. [6] 6, 691) the last 
five salts are merely mixtures. — Oafleata 
B'C,H,0,2aq (Hlasiwetz, A. 142, 226). 

Combinations. —B'HgCl, (Niohdlson, A. 62, 
78; Hintorbergor, X. 82, 316).—B'HgOy, (Kohl 
a. Swoboda, A. 83,341).—B'AgNO,. 

Methylo - chloride B'MeCl aq. At 
200° it splits up into MeCI and caffeine.— 
(B'MeCl).,PtOf,. Sparingly soluble. 

Methylo-iodide B'Melaq (Tilden, ,7. pr, 
94, 374 ; B. Schmidt, A. 217,^86; E.,8oliimitt 
a. E. Schilling, A. 228,141). FromfSiloine and 
Mel at 130°. At 100“ it loses aq, at 190“ it 
splits up into caffeine and Mel. Trielinio: 
o:6:e = -6902;l:-4161; o=91“24'; 8=74°; 7-=88“. 
—B'Mel,. 

Methylo-hydroxideB'HeOHan [91°], and 
B'McOH [138“]. From the methyloiodide and 
Ag.O (Schmitt a. Schilling, A. 228, 143), 
Crystals. V. sol. water, alcohol, and chloroform, 
v. si. sol. ether or light ^troloum. Its solutions 
are ncutr.al. It is not poisonous. Heated at 
200“ in the dry state it gives off methylamiue 
while caffeine is also formed. HCl or dilute 
ILSO, convert only part of it into the eorre- 
sponding salt, the rest gives methylamine, 
fonnio acid and dimethyldialurio aoid, the 
latter being converted by atmosphorio oxygon 
into amalic acid. When HCl is used, caffeine 
methylochloiide is one ol the products. With 
water at 200° it gif es sareosine, methylamine, 
formic acid, and CO,,. Chromic aoid forms cho- 
lestrophano, methylamine, formic aoid and 00,. 

Fjthylohriiodide B'Etl,. From caffeine 
and Etiat 130“ (Tilden, 0. J. 18, 99; 19,145).— 
B',Et,Pta,. 

Chloro-caffeine OjHjClNjO,. [188°]. Formed 
by p^gsing chlorine into dry caffeine in dry CHCl,. 
Crystallised from water. V. si. sol. cold water 
and ether, v. sol. strong acids but ppd. by water. 
Beduood to caffeine by zinc-dust and HOI 
(Fischer, A. 215, 262; 221, 836). 

Bromo-caffe'ine v. p. 661. 

Amide-caffeine 0,H„(NH,)N,0.,. [above 360“]. 
From bromo-caffeine (2 pts.) and alooholio NH, 
(20 pts.) by heating for 7 hours at 130“ (Fischer, 
A. 215, 2C£3. Slender needles; may bo distilled. 
V. si. sol. water and aloohol; sol. oono. HOAo; 
sol. cone. HClAq, but reppd. by water, being 
apparently less basic than caffeine. 

■ Oxy-'caffeine C,H,(0H)N,0,. [o. 346°]. Prom 
etlioxy-caffeine by heating with dilute HOI 
(Fischer, .4. 216, 268). Mass ol white needles 
(from Water). V. si. sol. alcohol, ether, or cold 
water. Sol. cone. HCl but reppd. by water. 
Oxy-caffoine is an acid.—NaA' 3aq. Needles.— 
BaA', 3aq. Reactions. —l-,The silver salt with 
EtI at 100’ givog ethoxy-caffeine.—2. POl, in 
POCl, gives ohloro-caffeine.—3. 01 at a high 
temperature gives di-methyl-alloxan.—4. 01 gas 
at 0° in a solution of oxy-caffeine in HOI gives 
apo- and hypo-oaSeine.—6. Dry bromine forms 
an addition compound 0,H,(0H)N,0JBrJ?) as a 
rerf mass, decomposed by water or aloohol, the 
latter giving diethoiy-oxy-caffeine dihydride. 

Ethoxy - eaffeiae 0,H,(OBt)N.Or [140“]. 
From bromo-oaffeine and alcohoUo KOH (FIs- 
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Aer, A. 31S, 266). White needles (from water). 
SI. sol. cold aloobol or ether, v. e. sol. hot alco- 
5 , j., water«)artly dissolving. 

Sol. dilute HCl and reppd. by KOH. 

Dl-methoxy-oiyoaffeine dihydride 
0^,N,0,(0Me),0H. [179°]. Prepared by the 
aotion of methyl alcohol on oxy-caflfci'ne bromide. 
M^rless Crystals. Sol. water and alcohol. 
By HCl it^ IS decomposed into methyl alcohol, 
®®*^yiemine and apo-caffeine (Fischer, B. 14, 

Di-ethoxy-oxy-caffeiue dihydride 
C,H,(0Et)2(0II)N,02 Di-ethyl derivative of tri~ 
oxy-caffetne dihydride. [195“-20;i ’]. From oxy- 
oaffc’'ne Br, a^ alcohol, as above. Warmed 
with HCl gives alcohol, methylamine, apo- 
oaffeine, ancniypo-caffoine. Fuming HI or HI 
gas passed into chloroform solution reduces it 
to oxy-cafteine. With phosphorus oxychloride 
it forms a crystalline substance that appears to 
be 0,H„N,02{OH)(OEt)Cl. This body is recon¬ 
verted by alcohol into diethoxy-oxy-cafleine di¬ 
hydride, but it is deoempor ed by water, one of 
the products being di-methyl-alloxan, although 
this is not formed from diethoxy-oxy-caffeiuo 
dihydride by water or acids (Fischer a. Eeeso, A. 
221, 887). 

Allo-oaffeme C.H„NA. [198°]. A by-pro- 
duct obtained in the preparation of the preced¬ 
ing body from oxy-cailoine. bromine and alco¬ 
hol, especially when the latter is wet (92 p.c.). 
Sandy powder. V. si. sol. water, si. sol. boiling 
alcohol. Uccomposed by boiling HCl (Fischer. 
A. 215,276). V e r 

Apo-oaffeine C,II,N,02. tl'i8°]. 

P'ornwltott.—1. From di-ethoxy-oxy-caffeine 
dihydrido (6 g.) by evaporating > ith (20 g.) di¬ 
lute (20 p.c.) HCl at 100“ (Fischer, A. 215,277); 
the equation is: 0,H„(0H)N,02(0Et).. i 2H,.0 
*=C,H,N,0, -t MeNHj -I- 2TI01ilt. —2. From oxy- 
caftefne and aqueous Cl at —10°. -3. From 
caffeine, HCl and KCIO, (Maly a. Andrease’’ U. 
3 , 100 ). 

Properties. — Monoclinio crystals (from 
water). n:6:c = *8025:1: *6976. V. sol. hot water, 
alcohol or chloroform, si. sol. cold water, benz¬ 
ene or CS-. Boiling water decomposes it into 
COj, hypo-caffeine and caffuric .acid (q. p.). 

Hypo-caffeine CaHiNjO,. [182-']. 

formation ,— 1. Formed along with apo- 
oaffeine by warming the di-ethyl dej ivativo ol 
tri-oxy-oaffeine dihydrido with hydrochloric 
acid, thus: 0,H.(On)NA(OEt)., -e ‘ill O ... 
0,H,N,0, -h 2HOEt + NH.,Mo + CO.,. - - 2. From 
oxy-oaffeine, IICl and Cl (Fischer, A. 2ll), 288/ 

Properties. — Crystallised from water. V. 
sol. hot water or alcohol, si. sol. cold water. 
May be distilled with but slight decomposition. 
Ba(CANA)sC.H,NA : V. sol. water. 

Beactions. —Not affected by boilin,g fuming 
HNO„ chlorine- or hrpminc-wattr, KjCr^O, and 
dilate H.,SO,, HMnO,, cone. HCl, fuming HI, 
Sn and HCl, ACjO or POCl, ana PCI,. Water at 
160° completely destroys it. Boiled with baryta 
it gives caffolin (q. v.). 

Caffolin 0,H,N,0,. [194°-196°]. Formed by 
boiling hypo-caffeine with lead sub - acetate 
(Fischer, A. 215, 292). Slender needles (from 
alcohol) or long prisms (from warm water). 
V. e. sol. warm water. SI. sol. alcohol. Does 
iMt eombiue with acids. It is but a feeble 


acid, f« its barium compound is decomposed by 
OOj. Boiled with .ig,0, it forms a ciystallins 
silver clmponud. 

Hellions.—1. Cone. fl*91 at 100° splits it up 
into Cq, NH,, NMeH, Ac.—2. Cone. HI forms 
inethyltfjroa.—3. K,FeOy, gives methyl-oxamio 
acid and methyl-a*ea: C,H,N,Oj + 0-t-H..0 =• 
MoNH.CO.C 02 H + MeNH.C 6 NH,. — ^ KjiuO, 
and KOH give di-methyl-oxamido’ and^mmonia 
aceording to the reaction: C,IFNA + 0-t-H.,0 
= McN H.CO.CO.NII.Mc + CO., -^ Nil,.—5. Potas¬ 
sium bichromate and H,SO,give cholcstrophane: 
AAaN,0-, F O C,H,iN,,0., NH.,. — 6 . Nitrous 
acid com;'ctuly . destroys it.-7. Boiled with 
Ac,,0 it forms tl.c acetyl derivative of acGCaffln 
C.H„,AcN.,()2. 

Acocaffin C„lI„N,0.,. [ 110 °-U 2 °]. From its 
acetyl derivative by evaporating with fuming 
HCl at 101^ and decomposing the resulting 
hydrochloride by Ag,0 (Fischer, A. 215, 300). 
'i'riinotrio crystals (from benzene). a:b:c = 
■6707:1:1*2445. May be distilled undecomposed. 
V. e. sol. water and alcohol. 

Acetyl derivative 

CJI,„AoN,0.,. [10(i°-107°]. From caffolin by 
boiling with Ao.,0 as long a.s CO., comes off 
(12 hours). Monoclinio tables (from chloroform 
mixed with ether). 

Caffuric acid C,in,,N,0,. [210°-2*20°]. From 
apo-calTeine by boiling water (Fischer, A. 215, 
280). C,1I,N,0, + H,0 -C,I1.N,0, |-C 0 ,. Trans¬ 
parent tables (from alcohol). V. sol. water, si. 
sol. cold alcohol, chloroform or ether. Frtoblo 
acid, its barium salt being d('oompo.scd by CO,. 

Salt.— Ag.V. T.Ji]es, si. sol. water. 

Iteactinas. —1. Not alTccted by chlorine- or 
bro}uiiie-iviiler.—2. HI convri t.s it into hydro- 
caffiiric acid.—3. Waini.-al with leod sub-acetate 
it gives iiicsoxalio ficid, metliyl-urca and methyl- 
amino.—4. n /, KvJII gives off NlI.,Mc. 

Hydro-oai’.urio acid CANjO,." [210°-248°]. 
From caffiuic acid, .oniing HI and PH,I 
(Fisci . r, A. 215, 28,5). Colourless prisms (from 
water). V. sol. Iiot water, si. sol. cold water. 

Beactions.—l. Gives no pp. when boiled with 
lead sub-acetate (unlike caffuric acid).- 2. Gives 
with ammoniacal AgNO,, a mirror in the cold.— 
4. Chlorine-water oxidises it to ciilfurie acid.— 
3. Hot KOH gives off metliylamino.—.5. Warmed 
with baryta it forms inethylamine and mcttiyl- 
liydantoin carboxylic acid, 'the latter splitting up 
into CO and nicthyl-hydant,.in. 

Metnyl-caf.uicacidCdI|,N,0,. [167°]. Frdhi 
allocaffoino by boiling with w.ator (ftehmidt a. 
Schilling, A. 228, 172). Needles (from water). 
V. sol. water, alcohol and chloroform. Basia 
lead acetate converts it .into mesoxalio acid, 
methylamine and dijnetnyl urea. 

Amalie acid v. o. 1 . 19 . 

Constitution of Caffe'ine.—Modiens (A. 175, 
MeN -- CO 

1^56) proposed the forniula CO (L-NMe 

I II >CH 
MeN—0—N 

while Emil Fischer (A. 215, 314) proposed 
Me.N-OH ^ 

I II 

COC.NCH, • Both fonnulaj readily re^ 

I I >CO 
Me.N—0-N 



663 


CAITElNB!, 


present the formation by oxidation of dilmethyl- 
alloian and methyl urea. According to lisoher’a 
formula the derivatives of caffeine woiA be re¬ 
presented as followsf Oxy-caffeine woiw be 
.NMo-C(OH)=0-NMe P 

OOr I '•r'.i 


COi 


V 1 >CO. Ethilxy-oxy- 

\NMe-C=N,. 

0 

( 

\NMe- i 


caffeine dihydrido would bo 

^N.’Je-0(On)(OEt)-C(OEt).NMB 


-N 


>CO. Apo- 


jaffeine would be 

-0—C(CO,H)--NMo 
C0( \ I; >00. 

0-—N 

Caff uric acid would be 

HO.C(CO.m -NMe 

\ >t^o 

HNMe-C—^ N 

Hydro-caffurio acid might be written: 
HCiCOJI)—NMe 
\ ■ > 00 . 

HMoN—0-N 

Melhyl-hydantoi'n carboxylic acid would bo 
IIO(COjU) . NMo 

i 

CO-NH 

n,C.NMo 

whence methyl-liyJantoin | >0 ). 

CO.Etl 

Hypo-caffeine may bo 
.0-0X1—NMe 

CO^ \ >00, se that apo-caffclne 

NNMe-C-N 

would be its carboxylic acid. Caffolin may then bo 
HO.CH.NMo 

I >00; but the formation of cholcstro- 

HNMeO = N < 

.00 — NMe 

phane 00^ I «>rrom' it is in th.st case 
NNMo-00 

somewhat anomalous. n 

Strecker’s oaffeVdine (from caffeine bj'alkalis) 
MeUN.CII -0-NMo 

would be I >00 , which by 

MelINO -N 

boiling alkalis gives 00^, NIX^, 2 NMeIl 2 , formic 
acid and sarcosiuc. 

McN CXI 

I “ ^ 

» Theobromine wilX bo ■ 00 (i .tXMo , 

I J >co 

'■ HN-C = N 

HN—OH 

I II 

not CO 0—NMo * as is shown by the 


I 

MeN 




>00 


N 


formation of hypo-ethyl-thcobroraine. 

Somewhat similar formula! are arrived at if 
we start from the formula of Medicos. Inasmucli 
as oaffein methylo-hydroxide differs from caffeine 
in giving no NH, but only NMell. in its decom- 
positions, we mu.st assume that it has the formula 
MeN—CO 

V ioi—NMe-V 

I I >CH 

U#N-0-NMe(0H)'^ 


or 


MeN-CH 

I » 

CO 0—NMe- 

jftelX-i- 


"Nco 

-NMe{OH)/ 

Its decomposition-product, di-mcthyl-dialurie 
acid, should, according to Maly a. Hinterberger 
(Jlf. 3, 85), be rmresented by \he formula 
MeN-CO 


io 


CH(OH), which agrees better with the for- 


MeN-CO * 

nuilaof Medicus. On theothcrliandf the frequent 
occurrence of methyl-urea as v'^ll as s di-»cthyl 
urea amongthedecomposition-pio(]^Li.3of caffeine 
and its derivatives accords best with Fischer's 
formula (Schmidt a. Schilling, A, 228,171). 

CAFFEOL OgH.oOa. (IOC"). Given off (to 
the extent of *05 p.c.) on roasting coffee together 
with callwne (*18 p.c.), palmitic acid, aoctic 
acid, COj, and traces pyrrol, methylamine, and 
iiytlroquinonc. It is extracted by ether from 
the liquid distillate (Bcrnhcimer, ilf. 1, 459). 
Liquid, smelling like coffee, si. sol. hot water, 
v. c. sol. alcoliol and ether; v. si. sol. cone. 
KOHAq. Fc^Cle colours its alcoholic solution 
red. rotash-fusion gives salicylic acid. It is 
perhaps a methyl derivative of o-oxy-benzyl 
alcohol. 


CAFFETANNIC ACID Occurs in 

coffee berries to tho amount of 3 to 6 p.c. as Ca 
and Mg salt, and perhaps also as a doublo salt 
of K and caffeine (Pfalf, (1830) Schcr. 01, 487 ; 
Kochlcder, A. 50,'300; 63, 193; CO, 35; 82, 
100; Liebioli, A. 71, 57; Payen, A, Gh. [3J 
20, lOS). Prepared by niixifig an alcoholic in- 
fu-sion of coifoc witli water; filtering from ppd. 
fatty matter; boiling tho liltrale, and ppg. as 
lead salt by ro(OAc).. Colonrless mammellaled 
crystalline groups, v. sol. water, m. sol. alcohol; 
liai^i'Sf.n astringent taste; strongly reddens lit¬ 
mus. FC;,Cltt colours its solutions green. It 
does not ppt. ferrous salts, tartar-emetic, or 
gelatin, but it ppts. quinino and oinobonine. 
It reduces AgNO;,Aq, forming a mirror. Its 
.salts turn green in air. Potash-fusion gives 
prolocatochuic acid. Boiling cone. KOHA«j 
sjdits it up into caffeic acid and a sugar (Hlasi- 
wet/, A. 142, 220). 

Salts?—BnA'.^ (at 100°): amorphous, v. 
sol. water; addition of baryta forms a yellow 
pp. - PbO„H,„0..-Pb,(C„H.,0,),.-i>b,0,.n. A 
(at 100'-’). 

V 'Virmic acid. An acid formed by tho at- 
mtisplieiic oxiilatioa of an aramoniacal solution 
of oaffetannio acid. According to Itoohleder the 
green colour of coffee berries is due to calcium 
viridate. It is ppd. by l’b(OAo) 2 . Amorphous 
brown mass, v. sol. water. Cone. H^SO, forms 
a crimson solutton whence water gives a fioccu- 
lent blue pp. Tl]e aqueous solutions are turned 
green by alkalis, and give a bluish-green pp. 
witdi baryta-water (cf. VXaanderen a. Mulder, /■ 
1858, 201). 

CAFFOLIN V. CArFEiNB. 

^OAFFUaiC ACID v. CaffeInb. 

CA1i-C£DSIN. a bitter, neutral, resinous 
substance present to a minute extent in the 
bark of the OaU-cedra (Caventou, /. f A. [8] 
16,865; 83,123). 
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CAlHflIK Ca'Cneic acid. S. ’W. 

Found in Cainoa roAt (from Chiococca a-nguifuga 
and raceTnosa) (Francois, Pelletier, a. Oaveutou, 
J. Ph. 16, 465; Liebig, A. 6h. [2] 47, 185; 
Xioebledet a. Hlasiwetz, A. 76, 6 S 6 ; Boclileder, 
J. jpr. 86 , 276). The root is oxliauated with 
alcohol and the oaincin ppd. eitlior by milk of 
lime or Pb((iAc) 2 . Crystalline flakes, tasteless 
at first, afterwards very bit^r; v. si. sol. water 
and ether, v. sol. alcohol; reddens litmus. 
Boiling alcuholio HCl splits it up into a sugar 
and crystalline oaincetin O 22 H 31 O:,. 
Cuincctin is resolved by potaak-fusion into 
butyric acid and cainoigeuin which 

is possibly related to a'seigenin. Cainein in 
dilute alcbl <^lic ^ution is converted by sodium- 
amalgam ih^ crystalline whence 

fuming HCl forms gelatinous 

CAJEPUT, OIL OF. A ligl.xt green oil pre¬ 
pared in India by distilling tho leaves of Mela- 
lev^ca iQUcodendron with water. Its chief con¬ 
stituent is ciiicol 0,oH,„0 ( 2 . v.), which is also 
called oajoputol. P 5 O 5 converts it into ter- 
poncs {q. V.) which when so obtained may bo 
called oajeputenes (Schmidt, C. J. 14, 03; 
Wright a. Lambert, G. J. 27. OIU; Ilisled, Ph. 
[3] 2, 804; Blanchct, A. 7, 101; Gladstone, 
C. J. 49, 021). 

CALAUUS ROOT. Aceording to Geuther 
A. 240, 92 ) tho aeoriu prepared by Thoms 
p. 60) from ylconts calamus is not a definite 
substance, but is separated by alkalis into a 
neutral amorphous brown mass (C,uH,;,NO: ?) 
and an acid (C,,n,„ 03 ?). Calamus root utter 
extraction with water still ooula'ms a combined 
acid (C„H,„ 04 ?) which may bo extracted by 
adding HOI and shaking with cl! er. When tlie 
root is distilled with steam, m tbyl alcohol 
and a mixture of terpeues {q. v.) and a compound 
C,^H,,0(?) is obtained (G.; yok"»edcrinann, A. 
41, 374; Kurbetow, B. 6,1210; Gladstone, C. J. 
17.1). 

OALCIUM. Ca. At.w.39*91. Mol.w.unk.i^wn. 
Melts at red heat. S.G. 1*57 (Matthiesson, A. 
93, 27). S.H. (O’-lOO'^) *1080 (Bunsen, P. Ml, 
1). S.V.S. abt. 25. E.O. (Tig at 0''«1) 12-5 
(Matthiessen, P. M. [4j 12,199; 13. 81). Chief 
lines in emission-spectrum, 0121*2, 6587*0, 
4226-3, 3968, 3032*8. 

Occurrence. —Never free. Very widely dis¬ 
tributed, and often in largo quantities, as 
silicate, phosphate, sulphate, caruutiate, flu¬ 
oride, &o. Most natural waters coidain Ga 
salts; phosphate and carbonate of Ca are 
found in plants and animals. Ca sa^s ocqur 
in the sun, flxed stars, and moteorilos. Calc;fim 
carbonate and burnt lime have been known 
from very ancient times. In 1722 Fr. HolT- 
mann showed that lime is a distinct earth; 
Black (1766) was the first to make a quantita¬ 
tive examination of limestone* and burnt lime. 
In 1808 Davy obtained oaloium (impure) by the 
electrolysis of lime. • 

Formation, —1. Dry Cal^ is healed witlj Na 
tn an iron crucible with an* air-tight cover 
(LiSs-Bodart a. Jobin, A. Ch. [3] 54, 3G3; 
Dumas, 0. B. 47,675; Sonstadt, C. N. 9,140).— 
2. Dry fused CaOl, (800 parts), Na (100 ptfrtah 
and pure distilled ^anulated Zu (400 parts), 
axe heated in a omoible with loosely fitting 
as high a temperature being maintained as is 


possible irithoat volatilisation of much Zn; an 
alloy of l)a and Zn is thus produced (Zn. 2 Ca 
according to v. Bath, P. 136, 434). This- auoy 
is heateclin a crucible of gas coke until the 
Zn is ai distilled off (Car.m, 0. B, 48, 450; 
60, 647).^3. A boiling cone, solution of OaCl, 
is electrolysed, using an amalgamated Pt wire as 
negative electrode (Bunsen, A. 92, 218). 

Preparation. —A mixture of dry CaOl^ and 
SrCl,,, in tho ratio 2 CaCl.:KrCl 3 , mize4f wiflfi a 
littlb NH 4 CI, is melted in an open crucible; the 
current from ,3 or 4 Bunsen cells is passed 
through tho molten mass, tho positive electrode 
being a stick 0 * carbon, and tho negative an- 
iron wire as thick as a knitting needle, drawn 
out to a fine point. The point of tho iron wire 
is kept just under tlie surface of tho molten 
mass for a minute or so at a time; tho Ca 
separates in small lumps (Matthiessen, .4.93, 
277; 94, 10?). Frey obtained lumps of Ca 
weighing from 2^ to 4 grams {4. 183, 367); ho 
l>ass^d the negative electrode through the stem 
of a toliacco pipe witli tlio bowl dipping under 
llio molten mass in the crucible; H was then 
passed into the pipe; when the pipe and bowl 
were filled witli this gas, tho H was stopped, 
and the current was started; tho Ca rose into 
the bowl of the pipe, and being in contact with 
U remained quite unoxidised. 

Properties. —Lustrous, clear yellowish-white, 
very ductile, but brittlo when hammered out, 
niallof ole; about as hard as calcspar. Frey 
{A. 183, 3G7) says it is brittle and cannot be 
hammered out or drawn into wire. Molts at full 
I rod heat, and Ib^n burns with yellow flame and 
; production of much heat and light; [Ca,0] = 

I 130,930 (7Vi. 3, 251). Does not oxidise in dry 
! air; but in ordinary air is quickly covered with 
GaO. Not volatilised at tompenituro of inflam¬ 
mation (Caron, C. R. 48, 410). Decomposes 
cold II..0 raji' lly; 

[Ca,AqT fOa,O^U-5,Aq]-2[TD,01*80,900 
{'Vh. 3- 251). As no compound of Ca has been 
gasiliod, the value to be given to the atomio 
weight »f tho metal is decided partly by the 
S.ll. and partly by purely chemical considera¬ 
tions. The mass of Ca that combines with 
15*90 {i.e. with 1 atom) O is 39 91, hence the 
simplest formula for tho oxide is CaO 
(Ca = 39*91); tho same mass of Ca combines 
with 2 X 35*37 Cl, 2 X 79*75 Br, &c. ; the simplest 
formula' ^or the chloride and bromide are there¬ 
fore ( iCU. and CaBr^ respectively (Ca*39*91). 
Those formr-ie are in keeping with tho r9ac- 
, tions of the compounds, hence they ^re adopted. 

; The chief compounds of Ca by analyses of 
which tho value Ca 39*91 has been found are: 
(1) CaCl .5 (Berzelius, 0. A. 67, 161; Dumas, 
A.Ch.{‘d] 65,199); (- 2 ) CaCO., converted into 
CaO (Dumas, (*. B. 14, 537; Erdmann a. 
Marchand, J. pr. 26, 472). Ca is a strongly 
positive metal, forming well-marked and stable 
»salts by replacing tho li of acids. Salts of Ca 
* derived from almost every acid are known; 

, several of these form doable salts; very few 
; basic salts are known. GaOiIIs is an airline 
I hydroxide; CaO combines with 1^0 with pro¬ 
duction of much heat; CaO^^s U dehydrated 
to CaO at a high temperature. [OaO,H^QB 
* 15,540 {Th. 3,251). The heat of neutralisatin 
of CaOJlsAq is the same as that of EOEAq, 
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KaOELAq, and vis. 31,^>0 tor ] 

H,SO,Aq and 27,640 tor j^OljAq. I» oom- 
binea with the halogena vrith piodtu^on ot 
heat; [Oa,X*] => 169,820 when X^^Ol; ft40,850 
when XoBt; 107,2^ when X:^! (ZTi. 251). 

RtactUm and Combinatiom. —1. Wi/h wattr 
terms CaOAq and H.—2. With acids tonns salts, 
usually evolving H; cono. lINOjAq ouly^acts at 
high temperatures.—8. Combines direotly, when 
heattd, vith many non-metals-, especially Cl, 
Br, I, 0, S, P (o. Calcium ciiloiude, <Sro.)i— 
4. Forms alloys with several metals, by hciiting 
the metals together. Alloys with Al, Sb, Pb, 
Ifg, Na, and Zn have been described (Caron, 
C. It. 48, 440; 60, 547; Wilhler,’ A. 138, 2.63). 
Calcium is usually estimated either as carbonate 
or sulphate yn/r volumetrically, by KjMnjO,Aq, 
after ppn. as CaC,,0, and decomposition ot thii 
salt by HjSOjAq. 

Calcium, Alloys ot, v. Caloiom*| Combim- 
turns. No. 4. 

Calcium, Arsenates ot. CallAsO, and 
Cs,(A60,)j ; V. arsenates, under Absenio, 
ACIDS or. 

Calcium, Arseuites of. Ca,(AsO,)j; CalAsOJjt 
and CajAs.)Oj: v. aksenites, under Absenio, 
ACIDS of. 

Calcium, Bromide ot. CaUr,. Mol. w. 
unknown, as compound has not been gasified. 
f676°-680°] (Carnelley, C. J. 29. 497; 33, 279). 
8.G. 3-32 (Kopp, A. 93, 129). S. (0“)^125; 
(20“)141; (40°) 212; («0») 277; (105°, 312 
(Kremers, P. 103, 65). H.F. [Ca.Br''] = 140,850; 
[CaBvhAq] = 166,360 (Thomsen). 

Fo>vititim.—Ciil}r., is torinod by dissolving 
CaO or CaCOj in lilirAq, evaporating, and 
crystallising; or by decomposing Fejl3r,Aq by 
CaOAq. 

rreparation.—!. 121 parts Br and 1 part 
amorphous P are allowed to ri.act in presence 
of HjO; the solution is neutralised by CaCO, 
or CaO JL, filtered trom /!a,.21’()„ evaporated, 
and crystallised (Klein, A. 128, 237).—2. 20 
parts 3 are dissolved in 210 parts Br, and the 
liquid is poured into thin milk of lime, cc.itain- 
ing 140 parts CaO; Ca30, is ppd. by alcohol, 
the solution is filtered off, evaporated, and 
crystallised (Faust, Ar. Ph. [2] 131, 216). 

Properties. - White, lustrous, deliquescent, 
needles: very soluble in II-O and alcohol. 
Absorbs NH, forming CaBr.,.0NH, (Ranimels- 
berg, P. 65, 239). CaUr.,Aq boileil with CaO,,II„ 
and filtered, on cooling lields. crystals ot 
CBBr...3Ca0.15Hj0. 

Conibinutions. — With water to form 
CsBr~6H,0. [CaBrhfill-Ol = 25,000; 
[CaBrh6H“0,Aq]= -1090 (Pit. 3, 251). 

Calcium Bromide, hvdrated, v. Calcium, 
BROMIDE OF, Combinatio7is. * 

Calcium, Chloride of. CaCl.. Mol. w. un¬ 
known, as compound has not been gasified. 
[719“-723“] (Carnelley, f. J. 29, 497). S.d. 3° 
2'206 (Schiff, A. 108, 23); S.H. (23°-99°) -1612' 
(Begnanlt, A Ch. [3] 1, 129). S. (0°) 49-6; 
(10°) 00; (20°) 74; (30°) 93; (35°) 104; (40°) 
110; (60°) 120; (60°) 129; (70°) 136 ; (80°) 
142; (90°) 147; (95°) 161 ; (99°) 154 

iMulder, J. 1860. 66). H.F. [Ca,C12]»169,820; 
^.Cl»,Aq] = 187,230 (Thomsen). 

Formation.—la making NI^ by the action 


! ol,OaOA on NH,ClAq; also as • by-produot 
in many ohemioal manufactums. 

Pr^ration .—1. Pure CacO, is dissolved in 
pure HClAq; then solution is evaporated to dry¬ 
ness and heated to about 200°.—2. Ordinary 
marble or chalk is dissolved in HClAq, Cl is led 
into the acid liquid until all Fe and Mu salts are 
completely oxidised. Milk of lime is added to 
alkaline reaction, t^re whole is ctigosted, the 
liquid is filtered from limo and ppd., oxides of 
Mg, Fo, and Mn, neutrolisod by HClAq, aud 
evaporated as in 1. 

Properties,and Reactions.—^ white, porous, 
very deliquesoont, solid: after melting and 
cooling it is distinctly crystalline. Absorbs 
moisture rapidly: hence is muoj- used f .w <Wying 
gases, &c.; if the CaClj to bo usedrmust be tree 
from CaO, c.j. tor drying COj, it should bo placed 
for some time in a stream of CO.^ and then of 
dry air at the ordinary temperature. CaClj is 
very soluble in water and alcohol, much loss 
soluble in IIClAq. It is partly decomposed by 
heating in air (v. Weber, B. 15,2316), more com¬ 
pletely by healing in 0, with production of CaO. 
Heated with KCIO, or KCIO „ part ot it is changed 
to CaO (Sehulzo, J. pr. [2J 21, 407). CaOl^Aq 
is used as a bath for maintaining temperatures 
above 100°; 60 parts CaCl.j in 100 parts H^O 
forms a solution boiling at 112°; lOOCaCl.^in 
100 water, B.P. 128°; 200 CaCl, in 100 HjO, 

B. P. 168°; and 325 CaCl., in 100 iip, B.P. 180° 
(Magnus, P. 112, 408; Wiilluor, P. 110, 664; 
Lcgiand, A. 17, 34). 

Combinations.—1. With water to form 
hexagonal crystals ot CaCl2.0ri.O [OaCP, fiH'O) 

21,760 (Th. 3,251)"; best prepared by evapora¬ 
ting a solution of CaCO„ or CaO, in HClAq and 
ciyslallising. CaCl.^-OHjO melts at 28° (Tilden, 

C. d. 15, 268); heated to 290", or placed in 
vacuo, the liydrato CaCl_.. 2 H 20 remains. 
This hydrah'is' also produced, according to 
Ditto {G. R. 92, 212), by saturating HClAq 
with ,'laCL at 12' and cooling. Hamerl 
(Site. IK. ' (2nd part) 72, 667) says that 
CaCl^.lHjO is formed by repeatedly molting and 
cooling CaCL-dlDO. According to Dibbits 
{Ar, N. 13, 478) CaClj-bllaO loses 4H.,0 in a 
current of dry air, and 6H.,0 in dry air at 80°. 
S.G. is° of CaC1...6U,0, i-612 (Kopp, A. 93, 
129). S.H. of CaCl.,.6H.,0 (-20° (o 2°) -345, 
(4°-28°) -647 ; melted (34°-69°) -5601, (34°-99°) 
•552, (100 ’-»-27°) -519 (Person, G. R. 23, 162). 
C.B. (cubical) for solid CaCl^.dlljO; Vi=V» 
(l-e-OOO 645 It--000 053 77t‘-f '000 001 906 P) 
for interval ll°-26° (Kopp, A. 93, 129). H.P. 
[C<t, Cl-', oil O) = 191,980; CaCl.,.6H.,0 dissolves 
in Datcr with disappearance of much heat 
[CaCP.6H-'0,Aq] =-4,340 (Thomsen). This 
salt mixed with snow produces groat lowering of 
temperature; for use as a freezing mixture the 
salt is host prepared by boiling a cono. solution 
until tcnipcrature’Hses above 129°, then allowing 

,to cool, shaking rwell as the solid forms. 
'CaC4.0H„O is thus obtained as a fine dry 
powiX'r; 4 parts' are mixed with 3 parts dry 
snow. Hamerl (Site. W. (2nd part) 78, 69) 
observed — 54’9° by mixing this salt with dry 
snow both cooled under 0°, in the ratio 
CaCl,.6H,^0: 8-45 H.jO (as snow). Ca01j.6H,O: 
S (0°) 72-8; (13-8°) 80'9; (24-6°) 89-6; (29-6°)100 
(Hamerl, Site. W. (2nd part) 72, 287).—». With 
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iiitmonw forma & 01 r 8 NH,t diasooUtedbyiiwt 
into OaClj and^H,; NHj also removed by dis- 
solving in H,0 and passing, in a current o( air 
(Weber, B. 16,2316). Isambert (0. B. 66,1269) 
desoribes 0a044NH, and CaC#,.2NH,; he gives 
these thermal values i[OaCl^ 2 NH^ = 14,000; 
] [OaCl*, 4NH>] =. 12,200; iCCaCl^ eNH”] = 11,000 
{0. .B. 86 , 968).—8. With alcohol to form 
Ca01,.2C,HyO; deoompond by H.,0 (Chodnow, 
dohnson, J, pr. 62, 261). I’orms 
combinations also with acetone (Illasiwcitz, 
d, 76, 294).—4. With lime to form 
Ca 0 l 2 . 3 Ca 0 ,J 5 H,, 0 ; prepared bj^oiling CaCl.jA(j 
with CaO,ld„ filtering while hot, and atlowin;; to 
co(}!,- decomposed by II.,0 or C..H„0 (Beesloy, 
PA. 9, 6 C€: KSso, S. 2% 153; liolloy, D. P. J. 
153, 202; Wrimshaw, G. N. 30, 280).—6. With 
platinous chloride to form CaCI;.l’tCl 2 . 8 HjO; 
iM.P. = 100° (Nilson, J,pr. [2] 15, 200). , 

Calcium chloride, hydrated, v. C.tLciuai, 
CHLoaiDB o»'; Combinations, No. 1. 

Calcium, Cyanide of. CaiON),. Said to bo 
obtained by heating Ca ferrocyanide and dis¬ 
solving out with water (Schulz, J. pr. 68 , 257^ 

V. OVANroES. 

Calcium, Fluoride of. CaFj. Mol. w. un¬ 
known, as compound has not boon gasified, 
[abt. 902°] (Cavnolley, G. J. 33, 280). S.G.— 
3'16-3'18 (Schroder, Dichtiglceitsmessunijcn 
(Heidelberg, 1873) ; Kengott, Sits. IK. 10, 295). 
S.H. (21°-50°) -209 (Kopp, T. 155,71); (15° 99°) 
•2164 (Begnault, A. Ch. [3] 1, 129). Indc]!; of 
refraction at 21° for lino B = 1-432; line 11 
1-4839; line P ^l-43709s lino (1-1-43982 ; 
line H = 1-44204 (Stefan, Sits. IK. 03 (2nd part), 
239). S. (16°) -0004 (Wilson, J. 1850. 278). 
[CaH-'0‘,21XF] = 66,600 Guntz, ». P.97,1483, 
1568: 98, 810). 

Occurrence.—As Fluorspar^ in octahedra, 
oubes, and other forms of the mononretrio system, 
fairly widely distributed in many rocks; in 
small quantities in many mineral waters, {tiant. 
ash, bones (Lassaigne, S. 62, 141), enamel of 
teeth, &c. 

Preparation. —1. As a gelatinous mass, by 
decomposing an aqueous solution of a Ca salt by 
that of a fluoride.—2. As a granular powder by 
digesting freshly ppd. CaCO, with Hl’Aq.—3. 
In small octahedra by digesting the gelatinous 
pp. obtained in 1 with dilute HClAq (or 10 hours 
at 240° (Sdnarmont, A. Ch. [3] 32,129; Schoerer 
a. Hreohsel, d. pr. [2] 7, 63). 

Properties and Beactions. —Transparent, 
colourless crystals, molting withoukt dccotn- 
position at about 900°. Forms easily iu.<v1jle 
mass with BaSO,, SrSO„ and many other 
insoluble compounds; hence much used as a 
flux. Soluble in aqueous solutions of NH, salts 
(Bose, P. 79,112). Not decomposed by fusion 
with EOH or Na()H,bnt partially by fusion with 
excess of alkali carbonates. Sooomposed, to 
CaO and HF, by heating to Redness in steam; 
also decomposed by hot but only yery 

partially by boiling HClAq or^NO.Aq. Said 
to be partly decomposed by Al 3SO,Aq (Friedel, 
Bl I?] 21,241). 

Combinations .—With hydrofluoric add \md 
water to form CaFj.fiHF.GH^O; produced in 
small crystals by evaporating a solution of CaO 
ia large excess oi HFAq; decomposed to CaF, 


and llTAq by hot If ater (Ptemy, A: Ch. [8] 47 
86). I 

Catcium, Hydrate of, CaO.^, ». Oaloiok 

HIDECftlDB OF. 

Ca|i:iam, Hydrosulphide of, *. Oaloius 
suMq*piui-B. 

Calcium, Hydi-oxide of, CaOJf^. {Slaked 
lime.) Mol. w. unknown: compound is decom¬ 
posed by heat. S.G. 2-078 (FilholfA. CA. [3] 
?1, 415). S.G. f (erystallinc) 2-236 (Lamy, 
A. Ch. [5] 11. 145). S. (15°) -13; (54°) -103; 
(100°) -08 (Dalton, Afem Si/stem, 2, 331): S. (lf)°) 
•13 ; (100°) -17 (Bincau, C. H. 41, ,509, V. also 
Lamy, C. R. 80. 333). II.F. [Ca.O.H'O] = 
146,470; LCaO.lI-'O] = 13,510 (7’.’. -,3, 251). 

Preparation.—1. By adding to 1 part II.,0 
3-1 parts CaO.—2. By allowin.g Ca to oxidise in 
moist air. •S. By adding KOll.Vq, or NaOHAq, 
to a cono.aqncous solution of a Ca salt, collecting 
pp., washing well, and drying at 100°. Gay- 
Lussac (4. Ch. 1, 331) obtained Ca0^n„ in 
small six-sided plates by evaporating an aqueous 
solution over H-SO, in racuo. 

Properties and Reactions. —A wbite, com¬ 
pact mass; sliglitly soluble in cold, less solublo 
in hot, water [CaO-Tl-'iAq] .--2,290 (7Vi. .3, 251). 
Stronglyalkalinercaction. CaO.dl^Aqneutralises 
acids with production of same quantity of heat 
as when 2NaOHAq, or 2KOir.\q is used, viz. 
aboiK 31,000 for n-SO,A(|, and about 27,900 for 
2riC.Aq (Thomsen); also pps. many heavy 
metals as oxides or hydroxide.s, and saponifies 
fats. Moist C.alLO.; absorbs CO., forming CaCO, 
andH^O, Cal.Vl forms insolul)le salts wlien 
neutralised by'iLSiO^Aci, lI,,liO,,A(i, II,l>0,Aq, 
(So. ; pps. are also formed liy adding animal 
clinr, sand, .Sc. CaIIA\ is soluble in solutions 
of cano sugar: on adding aiccliol pps. aro 
obtained, aid. to have tl\o compositions 
CaO.;;,,n...O„.TI,0; 2CaO.0,,.U.„,O„; 
3CaO.C,.,ll,-0„ ; and 6CaO.(j,.,H,.,0„ 
(Pcleuzo, J. 181)1.572; Bowin a. Loisoau,4. CA. 
[4] 6, 203; Pdligot, A. Ch. [3] 51, 383; Ddon, 
Bl. [2^ 17, 165; Berthelot, A. Ch. [3] 40. 173). 
Cah-O., is much more solublo in glycerin tlian 
in water. At a bright rod heat Call-O, is decom¬ 
posed to CaO -I- Jl-0. For roiictio)! between Cl 
and CaII,0,_; v. Bieachintj Powder under hvpo- 
CunoniTES, under CuLe.ijVK, oxy.4™>3 of. 

Calcium, Iodide of. Cal.,. Mol. w. unknown, 
as compound has not been gasified. [631°] 
(Carnelby, O J. 3,3, 279'. S. (0°) 192; ( 8 p°) 
204; (40°) 2-.,8; (43°) 286; (92°) 435 (Kreraers, 
P. 103, 65). 11. F. (Ca, I'J^ 107,260: 
[Ca. I', Aq] = 134,940 (.7,,. 3, 251). 

Formation .—By the jaction of IIIAq on 
CaO,!!,; or of I on CaS suspended in wafer 
(Lids-Bodai't a. ..qfcin, A. Ch. [S] 54, 363). 

Preparation. -To 1 part amorplious P and 
' 40 parts H-O, 20 parts I aro slowly added ! the 
whole is digested at 100 °; the colourless liquid 
iip neutralised by milk If lime, and evapotraed 
in an atmo.spher 6 free from CO- (Liebig, A, 
121, 222 ; Wagner, C. G. 1802. 143). 

Properties and Reactions.—White, deliques¬ 
cent mass ; very soluble in water and alcohol; 
nndecomposed when melted out of contact with 
air; melted in air gives CaO and L Com^ 
CaI,Aq dissolves 1; on evaporation in vadm 
crystals ol a petiodide are said to be obtained. 





«ee 

Absorbs 6NH, (Isambert, 0. A. 66,1259). Jonas 
sn easily deoomposod doable oompound|with 
Agl; CaI,.2AgI.6H.;0 (Simpson, Pr. 27,1^) 
Caloinm hydrozybydrosulpbide v. s>ost {inder 
OaLOIOH SULPHTDIUTZ.' A 

Caloinm, Oxides of. Two oxides are known; 
OaO a strongly basic oompon^jl, and OaOj t’hich 
acts as a peroxide. CaO.^ cannot be formed by 
the acKon «f 0 on CaO {comp. Ba0.j). 

I. Camiom MoHoxiBit. CaO {Lime, burnt 
lime). Mol. w. unknown, as ooraponnd has not 
been gasified. S.Q. 3'15 (Schroder, P. Juhclbd. 
452); S.O. (crystalline, by heating Ca'lNOj) 3'2.51 
(Briigelmani), W. 2, 466; 4, 277).* S. variable 
according to state of agprcgation(nf the CaO Ac. 
Jjamy (^1. Che^i.j) 14, 145) gives the following 
numbers representing grams of CaO in 1000 
grams of solution ; CaO being made (1) by 
beating Ca2NO„ (2) by heating Ca(40„ (3) by 
heating CaO^H..: — 


Temp. 

(1) 

(2) 

(3) 

0° 

1-362 

1-381 

1-430 

10 

1-311 

1-312 

1-384 

16 

1-277 

1-299 

1-348 

30 

1-142 

1-162 

1-195 

45 

0-990 

1-005 

1-033 

60 

0-844 

0-868 

0-885 

100 

0-562 

0-570 

0,584 


H. !<’. [Ca, 0] = 130,930; [Ca, 0, Aq] = 149,200 
{Th. 3, 261). 

Preparation. —Pure marble, or Iceland rpar, 
is strongly heated in a crucible with a hot in 
the bottom to allow escape of COj; or a piece of 
charcoal is placed in the crucible beneath the 
marble, CO is thus formed and sweeps out tho 
CO 2 with it. CaCOj is not completely decom¬ 
posed when heated in an otmosi>hcre of CO^; 

t). CALCIOM OIBBOMAIB, Undor CAimoNATES. 

Sestini {Fr. 4, 61) strongly heats powdered 
marble with sugar, washes witlxII.O, dissolves 
in HNOjAq, pps. CaCOj by (Nil,), CO,Aq, and 
strongly beats the dried pp* By strongly heating 
Ca2NO„ in quantitic.s of aliout 15-20 grams at 
a time, in a porcelain fiask, Briigelmaun (IT. 
2, 460; 4,277) obtained cubical crystals oil CaO; 
semitransparent, harder than the amorphous 
form, and less ea.sily acted on by ILO and CO.. 

Properties and Itcactions. —IV'liite, amor¬ 
phous (or crystalline v. supra), powder : does not 
fuse at full white heat. Strongly basic; reacts 
with most acids to form salts. CaO is decom¬ 
posed by heating to whiteness with K ; heated 
in fl, CaClj is formed. Ca,S is produced by 
heating with S, and CaS and CaCV, by heating 
in CS.J. Ca6 docs not combine with 0 (u. Conroy, 
0. J. [2] 11, 809). 

Combinations.— With carbon dioxide to form 
CaCO, (but dry CaO doea not relict with COj: 
Bcheiblcr, B. 19,1973); combination begins at 
about 400° (v. Birnbauin n. Malm, B. 12,1547); 
[CaO, CO'] = 42,520 (Th. 3, 251). Heated with 
silica or silicates, silicates of Ca aro formed, 
which in contact with wCtcr set to a hard com-, 
pact mass (hydraulic mortars). With tsater, 
CaOjHj is formed with production of much heat 
[CaO, H'O] = 16,540 (Thomson); the lime is 
said to be slaked. 

II. CALOinu DioxinB, CaO, {Calcium per- 
^ijde)- Mol. w, unknown. Prepared by adding 
pum H,0,Aq to excess of CaOAq, or by adding 
excess of CaOAq to Na,0,Aq containing some 


HKO^Aq;. coUeoting pp., washing well with cold 
water, and heating the 0aO,.8H,l^tha3 produced 
in a current of dry qir free from CO, to 100° - 
120°. Forms a snow-white crystalline powder; 
does not melt atf red heat, but gives off 0 and 
forms CaO. The hydrate Ca0,.8H,0 is slightly 
soluble in H^O, in contact with II,,0 it slowly 
decomposes to Ca02lUq and H; (olublc in 
NHjClAq, but not in NBjAq; dissolves easily in 
dilute acids, oven in H.CjIIaOjAq, without 
evolution of 0. It forms prismatic dimetrio 
crystals, isomorphous with BaO,„8II.O and 
SrO,.8HjO (ScliSne) (Thtmard, A. Oh. [2] 8,300; 
Conroy, C. J. [2] 11, 808; Schone, B. 6,1172). 

Calcium oxide, hydrated. Cap.11,, . 

CIOM, nTIinOXIDE OF. ' s " 

Calcium, Oxybromide of, CaBr,.3€la0.15H,0 
V . Caloidm, naoMiDF. of ; Properties. 

Calcium, Oxychloride of, CaClySCaO.lSHjO, 
V . Calcium, oiiLomBF. of ; Combinations, No. 4. 

Calcium, Oxysulphidos of, v. Calcium foli- 
BULuniDES; under Calcium, soLruinEs of. 

Caloinm, Phosphide of. .When Ca and P are 
heated under rock oil, and tho unacted-on P is 
dissolved out by CS.„ a b'.aok powder remains 
which is acted on by H.O and acids with pro¬ 
duction of PH,; this black powder is said by 
Vigier to bo Ca phosphide {Bl. 1861. 6). By 
strongly heating CaO in P vapour, a brown, 
amorphous mass is obtained ; wlien heated with 
cone. IIClAq, non-inflammable Pll, is evolved, 
but with dilute HCiAq tlic gas evolved takes 
fire. Probably in tho first case liquid PH., is 
formed and at once decomposed to gaseous PH, 
and solid P.ll; in tlio second case the decompo.si- 
tion of PH,, proceeds more slowly, so that some 
is carried into tho air with tho PH, and causes 
the eombiistiol'. (Thdnard, A. Ch. [3] 14, 12). 
Tho brown substance got by heating CaO in 
P vapour is .s^lMo boa mixture of CaP and 
Ca.,P,0, (Thenard, l.c.): this brown substance is 
described by Thenard as a very bal'd solid ; un¬ 
changed in dry air ; delique,scent in moist air; 
burns when heated in air; acted on by water 
free from air gives CaOAq and PIT,, PII, decom¬ 
poses to PH, and P.ll, and the P.I1 is decom¬ 
posed by the CaOAq to Ca(II,P02).,Aq and H. 

Calcium, Salts of. Compounds obtained by 
replacing H of acids by Ca. 'These salts form 
one scries CaX,, where X,= CI.„ (NO,),, SO,, 
9 I'Ou 4.“- '■i'liey are generally formed by 
the action of CaO or CaO.,!!. on the acids in 
aqueous solution, or by the decomposition of 
salts of the heavier metals by CaO.,H 2 Aq. As 
none of *h6 Ca salts has boon gasified, tho 
fornuilic are based partly on similarities between 
these salts and those of analogous metals which 
form ga.Ai liable compounds, chiefly 'An, Cd, and 
Hg. and partly on the fact that the general 
formula CaX, is the simplest that can be given, 
provided the atomic weigh^ of Ca is about 40 
(this has been established by analyses of OaCl„ 
fCaCO, &c. and by Aiterminations of the S.H. of 
the yictal; v. ^loium). Balts of Ca derived 
from a great many aohls are known; they are 
well marked stable bodies; many form double 
salts; few basic salts are known. Most of the 
Ca silts are soluble in water; the more insoluble 
are the arsenite, carbonate, fliuoride, oxalate, 
phosphate, sulphate, and sulphite. With the 
exception of CaF, all the salts are more m leas 
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■oluble iif d^ata acids. The, Ca salts ot non¬ 
volatile acids sH generally hhdeoomposed by 
heat. Oa salts de)dved from^ great many acids 
are hnown (v. Bobaies, Cabbobaies, PaossBATES, 
SOUPHATESi’diO., Ac.). * 

Caloihm, Salenide of, CaSe. Mol. w. un¬ 
known. White solid, rapidly changing in air, 
prepared h) heating CaS (^4 to duli redness in 
H: [Ca,Se] = 78,000 (Fab#, C. B. 102, 1400). 

Calcium, Seleniocyanide of. (? CaSc.,(CN).;). 
Probably exists. Data very meagre (Crookes, 
t.pr. 63,161). 

Calcium, Sulphides of. Oift calcium sul¬ 
phide, CaS, is known as a solid; solutions 
wlii'’ most Bjpbably contain CaS, and CaS-„ 
respectively', have been prepared. The sulphides 
of Ca are cftoidedly less basic than those of 
Ba, e.g. they do not react with the sulphides of 
the negative metals As and Sb to form thio- 
salts. 

I. Calciou monosulphide. CaS. Mol. w. 
unknown. n.F. solid, from solid materials: 
[Ca,S] = 92,000 (Sabatier, d. Ch. [.'>) 22, 698). 

Preparation. — 1 . H.,S is passed over CaO.JI^ 
kept at about 60°; the solo products are CaS 
and HjO. If the reacting bodies aro per/ccllg 
dry the change does not occur (Veley, C. J. 
47, 478).—2. By gently heating crystals ot 
CaSjH 2 . 6 H .,0 ( 7 . 0 .) in II^S; the product con¬ 
tains some CaOjHj (Divers a. Sliimidzu, V. J. 
46,270). Sehone’s method, heating CaCOj in a 
mixture of CO., and II,S (P. 112, 193) is said 
by Divers to yield a mixture ot CaS and CaO 
in the ratio llCaS:5CaO (O. J. 45, 282). 

Properties and Beacti9ns.~A white amor¬ 
phous solid; soluble in water with gradual 
decomposition, giving H,S, nd solution of 
Ca.SH.OH (j.«.) which then dlowly deeoin- 
pusos in air forming CaS OjAq and CaS, Aq 
(Divers a. Shimidzu, f.c.). OyH^jinpure CaS 
produced by heating CaO with Cs.,, or vJaSO, 
with C, is not soluble in, although it is partially 
decomposed by, water. Pertectly dry CaS docs 
not absorb CS,; but in presence of 11,0 a basic 
calcium thiocarbonate, 2CaO.,II,.CaCS3.10II_.O, 
is produced (Veley, G. J. 47, 48(1). Sabatier 
(A. Ch. [5] 22, 698) gives the thermal value 
[Ca,S] = 92,000; [CaS, Aq] = 0,010 (? pure mate¬ 
rials). 

II. Calcium poltsulpiiideb. When CaS 

(prepared by heating CaO in CS- .end CO., and 
therefore containing some CaO) is boiled with 
S and H,0, it dissoives, forming on orange-red 
liquid; the quantity of S which goes into solu¬ 
tion corresponds with that required ito foym 
CaS, and CaS,; if more S is used it is deposated 
on cooling the liquid; if less S than S, to CaS 
is used, some of the CaS remains undftsolved. 
Both solutions are decomposed on concentration 
with ppn. of CaO.,H., and S, and evrdution of 
H,S ( 0 . BchOne, i'.,117, 58). •Warm CuS,lI,Aq 
dissolves S very readily, forming a solution of 
CaS, and evolving H.,S ; thft solution is com¬ 
pletely decomposed (if cold aqjl dilute) by«H.,S 
forming CaSjHjAq with ppn. of S (Divers a. 
Bhimidzn, C. J. 45,270). • 

CaSjAq is decomposed in contact witli^ air. 
By boiling 3 parts' CaO, 1 part S, and 20 parts 
H,0 for some time, and allowing to stand lor 
several days, orange-red needles are obtained of 
(OaO.OaS,.12HiO (Herschel, N. Ed. P. J. 1, 8; 


Seh64, P. 117, 68), 2CaO.CsS,. 10 or 11 n,0 
according to Oeuther 224, 178). If CaS 
(prepared by action of CS, and CO, on CaO) is 
boiled tvith much water qnd filtered hot, CaSO, 
is sai^ to separate out aiid then yellow needles 
of 6CJO.CaS,.20H2O (If. Bose, P. 66, 433), 
or 4O^.CaS,.18H.,0 (Sebono, P. 117, 58), or 
3CaO.CaS„ 14 or 16 11,0 (Centhor, A. 224, 
178). These oxysulphides are easily daeomfosed. 

, Calcium, Sulphocyanide of. Ca(CNS),. By 
saturating IICNSAq with CaCO„ v. sulpbo 
OVANIDES, under Cvamuus. 

Calcium Sulphydrato (orliydnmdphide); ard 

Calcium hydroxy-sulphydrato (or hydroxy- 
hydrosulphide), CaH..II. 011.0, and 
Ca.Sri.OH.311,0. liy piis'sing M.,S into a 
solution ot CaO cothaiuiiig solid Call.O,, 
CaSjlI-.lilf-O is formed : 1 pin t CaO is added to 
3-4 p.arts w.«m water; when cold, H,S is passed 
into the semi-solid substance until all has dis¬ 
solved ; more CuO is achled, liltlo by little, the 
whole being surrounded by ice, and H,S is 
passed in until a little CaO remains un- 
dissolvcd ; the liquid is quickly decanted into a 
tube kept in ice; tho crystals which separate 
are drained and a current of dry H.,S is swept 
over them at Oh Air must bo excluded during 
tho entire operation (Divers a. Shimidzu, G. J. 
45, 270; Veley, C. J. 47, 478). CaS,II,.CIl,0 
forms colourless prismatic, crystals, which melt 
in thfjr water ot crystallisation, giving oft H,S 
and -orniing Ca.Bil.OllAt; and CaO^H,. At 
about 15'’-18“, II.S is evolved even in on atmo¬ 
sphere of ILjS. (iaS-IIj.BIIjO is very soluble in 
water and alcohol. CaSJl.Aq is slowly oxidised 
in contact with air, giving a littleCaSjOjAq and 
CaS A(i. Thomsen (Th. 3,2.51) gives the thermal 
value LCa,S=,n-,Aql = 116,250. 

Befcrences. —I’elon/.e, G. B. 62, j.08; H. 
Bose,f’.55, 133;<I!crzelius,S.34,12; >>.0,442; 
Bottger, ,4. 29, 79 ; 33, 344. 

When 1 . utnam 11 is passed through 
an i ,o-cold solution of CaS.ii., crystals ot 
Ca.SII.OII.SIIjO are formed, and 11,,S is evolved. 
The sAne compound is formed by tho combi¬ 
nation of HjO with CaS, as in tho interior of 
heaps of soda-waste; and by the mutual action 
of CaO.JI, and II-S, as in tho purification of coal 
gas. Calcium hy<lroxy.snlphydr!ite crystallises 
in colourless four-sideu prisms ; it is soluble in 
water with decomposition into CaS.JI.Aq and 
CaOJl,; insoluble in, but slowly decomposed 
by, aleo’.hl ^CaS.,‘1, goo into solution said 
CaO.JI, remtiins; Divers a. Shimidzn, G. J. 45, 
270). It absorbs CS, forming a ba2ie thiocar- 
bonatc 2CaO JI,.Cars, 1011,0; it is the active 
agent lor absorbing CS. in gas-purification 
(Veley, C.J. 47, 478).. ' M. M. P. M. 

CADLUTANlilC ACID C„II,,0„. Occurs in 
Galium vulga, , the common Ling. The green 
parts are extracted with alcohol, water is added, 
and from the filtrate the lead salt is ppd. by 
SVb(OAc),. Amber-coloiAed mass. Its solution 
in alkalis rapidly absorbs oxygen (rom the ait. 
Ilcducos AgNOjAq. Fo,Clj gives a green colour. 
Dyes mordanted wool sulphur - yellow. — 

Salts. - (rbC„H,20,)2(Pb0),aq(?)- 
(PbC„II,,A).(PbO),2aq(?)~ 
Sn(C„II,.,0,)j(Sn02),2aq(?). 

Boiling dilute mineral acids convert callutanmo 
acid into calluxantliin a yellow fiooou- 
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lent |m., al. Bol. cold water, t. boI hot hrat^ 
and afoohol. Its alkaline solntionB rapidly ab- 
sorb oxygen Irom the air (Boohleder, A» 84! 854). 

OALMTTS 0 . Galauus. * 

CALOIBCSL. Merculous ohloride (HgC|^). 7. 
Mebgury, ohlobidss of. , 

CAIOPHYLLTIK RESIN itoS*’]. 

S.G. 1*12, A resin from Calophyllum calaba or 
longif^urif of South America. Said to give 
butyrio add on oxidation (Levy, C. B, 18, 242)« 

CALORIMETER, Instrument for measuring 
quantities of heat. V. Piiysic.u'. methods, Sect. 

TH 2 RilAL. 

CALYCIN [240^^ uncor.]. Occurs 

in a yellow lichen, Calycium c^-rysoccpJiahim, 
from whicl) U \b extracted by boiling ligroin 
(Hesse, i?. 13,1816). Sublimable. Yellow needles 
or prisms. S. sol. cold petroleum spirit, petro¬ 
leum ether, ether, alcohol, and acetic acid, more 
easily in the hot solvents. By strong aqueous 
EOH it is split up into oxalic and phenyl-acetic 
acids. Carbonated alkalis give salts of calycio 
add. 

CAMELLIK A glucosido occurring 

in the seeds of Camellia japonica (Katzujama, 
Ar. Ph. [3] 13, 334). Extracted by alcohol, and 
ppd. by lead acetate. White powder with bitter 
taste, insol. water. Somewhat resembles digi¬ 
talin. 

GAMPHANIC ACID i.e. 

yO 


C,H.3(C0,H) 


CO 


Oxy-cainp)mic anhydilde. 


From bromo-camphoric anhydride, the product 
of the action of bromine ott camphoric anliy- 
dride, by treatment with water (Wroden, A. 163, 
330; Woringer, A. 227,3). From campholic 
acid and bromine (Kachler, .<4.162,264). Fonned 
also as a by-product in the preparation of cam¬ 
phoric acid by oxidation of cam}/.ior with HNOj, 
(lloser, B, 18, 3112). According to Fittig {A. 
172, 161) it is a lacloiy'i acid, formed vid 

0.n,.Br<®®>0 ana CJI„(OH)(CO,H),. 

Properties .—Fcnlliery crystals or p.'isms 
(from water). Monoclinio, a:h-.c = l'2723;l:l-622. 
fl=66°34'. 

Salt.—BaA'j3.5a(i 

Reaction, —1. On distillation camplianio acid 

gives COj, campholactono 0,H„< | ,andIauro- 
\CO 

nolio acid CjEEisCO^n.—2. Kpr^O, ^ana HjSO, 
oxidise it to camphoronio acid C„Hr,0. (Brcdt, 
JS. 18,2989).‘ 

CAM PHENE V, TEacENES. 

CAKPHENOL o. Boi.neol and Cineol. 

CAMPHENYL-p-mYl-AMIDINE 
0,H„C(NIIj):NC,H, [11.9°]. Ff-io white glisten¬ 
ing needles (Irom ligroin). Formed by heating 
camphoienonitrile C,dI,,CN with p-toluidino 
hydrochloride at 250° (Goldschmidt a. Koreif, 
B. 18,1633). 

0AMPHIC.AC1D S. -14 at 19°. 

[a]n«16°45' (in alooholio solution). Formed to- 
goUier with oampliorio acid by passing air 
through a boiling solution of sodium camphor, 
CijHijNaO in xylene. Thick mass, v. sol. olco- 
hV And ether. EMnO, oxidises it to oamphorio 
acid. The oaleinm salt distilled with calcium 
formate givei camphor and camphtene 0,H,,0 


( 0 . 833°) (Montgolfier, d. Oh. [» 14,70; C JS 
68,916). w 

OAMPHIIENE t. TEarsNES. 

CAMPHIKIDE 0„H„N or 0,H, / ONE (?) 

Formed together with dioamphorilimye by dis¬ 
tilling the hydroohlorfle of amido-camphor (v. 
CA.iirHoa) with steam (Bchiff, B. 13,1405). 

CAMPHINE V . Tebeekes. 

CAMPHO-CARBOXYUC ACID v. CAManon 

caedoxvlic acid„ 

(o)-CAMPHOaLYCTEONIO ACID C,„n.„0,. 
[130°]. S. 5. [o]b=- 33". Occurs, together 
with uramido-oamphoglycuronio-ii aoy C. «he 
urine of dogs that have taken camphor (Schmia- 
dooerg a. Meyer, M. 3,422). Small thin laminio 
(containing aq); v. c. sol. alcohol and hot 
water, insol. ether. Boiling dilute HCl splits it 
up into glycuronio acid C„H|,0, and crystallina 
oamphorol C|jU|,02 [198°]. UNO, oxidises 
it to camphoric acid.—BaA". — BaA''2aq.— 
AgHA"a'aq. 

(/3)-Camphoglycuronio acid An 

amorplious modification of the preceding, 
formed by warming it with baryta.—AgHA" 3aq: 
crystals, more soluble than the Ag salt of the 
(o) acid. 

CAMFHOIi a name for Boannot. (q.u.). 

XO 

CAMPHOLACTONE C,n,.< | . [60°]. 

\ 0 

(230°-235°). From camphanic acid by distilla¬ 
tion, together with lauroiiolio acid (Woringor, 
A. 227, 10). Slender needles (from water). 
Has a pungent odour of camphor. Hike other 
lactones, its solution becomes cloudy when 
gently heated, but the oily drops afterwarda. 
dissolve up again.. Volatile witli steam. K.,COj, 
sejiarates it its aqueous solution. When, 
boiled with baryta the salt of the corresponding; 
oxy- a.vi 1, C-H, ,(OH)CO..H, is formed. 

CAMPHOLENE (136°). V.D. 4-35.. 

Prepared by the action of dehydrating agents on. 
eampholio acid (Di lalande, A. 38, 310) and by 
distilling potassium campholalo with soda-lime. 
(Kachler, A. 162, 206). Probably identical with 
the hydrocarbon got by distilling the calciunx 
salt of campholenic acid (Goldschmidt, B. 
20, 483). The name oampholene has also 
been given tc,. C„H„ (o. 123°) obtained by tho 
action of dehydrating agents on camphorio acid 
and its amides (Ballo, B. 12, 324). 

CAMPHOLENIC ACID 0„H„OjW. 
CjIIi.-COjlI or C,H|g(CO.H):CH,. Oxy-camphor. 
(o. 2o0°). Colourless oil. Formed by saponi¬ 
fication of its nitrile which is obtained by heat¬ 
ing camphovoxim with acetyl ohloride. Formed 
also by treating an alcoholic solution of (8)-di- 
hromo-camphor with sodium-amalgam (Oold- 
sehinidt a. Kiincr; B. 17, 2009; Kachler a. 
^pitzer, B. 17, 2400; AH 3, 216; 4,64,3). The 
Ca salt on dry distillation yields C,H,„, possibly 
campiioleno (Golisohmidt, B. 20, 483). Oxi¬ 
dising agents give oxy-oamphoronio aoid. At 
260° the NH, salt gives the amide [127°].— 
NH,A'.—BaA'g4aq. 

Amide OgHu-CONH,. Isocamphoroxim 
[125°]. Glistening plates; sol. alcohol, ether, 
and cone, acids. Formed by heating the nitrile 
with alcoholio EGU, or by heating the ammo- 
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Bium Bsit of ili| acid to 260”. B; distillation 
with B,S, it j^ds the nitrile (NSgeU, B. 17, 
806; Goldschmidt a. Ziirrer.B. 17, 2069). 

Nitrile, —0,H,,.0N. (216“). Formation ,— 
1. By heating oamphoroxim %th AoCl which 
lemoves H,0.—2. By distilling oompholenamide 
(isooamphoroxira) with PjSj. Bcacliom.—l. By 
heating with alcoholic K^l it is converted into 
oanspholenamide. By mng boiling with alco¬ 
holic KOH it yields campholenic acid.— 2 . By 
heating with hydroxtflamine it gives an ainid- 
oxim 0,„H,,N„0 which crystalUscs in white 
plates melting at [101*^].—3. Iftnluccd in alco¬ 
holic solution by Zn and JICl to the amine 
•NIL (Goldschmidt a. Ziirrer, B. 
17, 20CS^ Goldschmidt a. Koreff, D. 18, 
1634).—4. ftuccossivo treatment with sodium 
amalgamani HCl yields C,„H,,,N.,C1., the hydro¬ 
chloride of camphyl-di-phenyl-liydrazinaniiue 
0 ,H„(CH 2 Nn,)NjH 2 Ph. [157“] (Balbiano, 
O. 17.166). 

Hitro. campholenic acid C|„H,j(N0.,10-. 
Nitro-oxy-camplum [164°] (Z.) ; [170°] 

(K. a. S.). Formed by nitration of campholenic 
acid (Ziirrer, B. 18, 2228; Kachlcr a. Kpitzor, 
M. 4, 643; B. 16, 2336; Swarts, B. 1.6. 2136). 
Monoclinio pyramids, a: 6 ;c = -70:1: l 3 ; ^ = 

89° 18*. Sol. hot alcohol and ether, Itcdnccd by 
tin and HCl to ainido-campholenio acid whoso 
hydrochloride crystallises in lamin.o [260°]. 

CAMPHOLIC ACID C,„II„0.,. Mol. w. 170. 
[95°] (K.); [106°] (M.). [a]) = 60° (in alcohol). 

Formation. —1. By passing cainphor-vairour 
over nearly rod-hot potash-lime (Delalnnde, A. 
Ch. [3] 1, 120).—2. By adding potassium in 
small pieces to a solution of cam]dior (1 pt.) in 
boiling potroloum (3 pts.) ai. i;it)° (Malin, A. 
145, 201).—3. By boiling camphor with alco¬ 
holic KOH (Kachlcr, A. lGi^^69). — 4 . By 
heating camphor with Na at ‘.wSilontgollic-, 

A. Ch. [5] 11, 99). 

Properties. —Monoclinio prisms (front dilute 
alcohol) or nodular groups of laminai (from 
ether-alcohol). V- si. sol. water; volatile with 
steam. 

licactions. — 1 . HNO 3 gives first camphoric 
and then camplioronic acids. — 2. Moist Br 
gives at first camphoric acid, then bromo- 
camphoric anhydride, and lastly oxy-camphorio 
anhydride 0,„II,,0,.—3. PjO^gives camidiolenc; 
red-hot soda-lime acts similarly. • 

Salts. — KA'2aq; laminro. — CtiA'-aq.— 
AgA'. 

Chloride (224°) (Kachlcr, A. 162,^265). 

OAMPHOE 0„n,„0. Mol. w. 162.* [13^°]. 
(204°). S.G. 12 . 992 . S. -1. S. (alcohol of 

B. G. -806) 120. V.D. 6-32. E«, 7611 (in 

a 32'3 p.c. benzene solution) (Kanonnikoll). 
[a]o=66’4—•1372 2 (where g = no. of grins, of 
alcohol in 100 grms,i of solnti^). 

Occurs in the wood and bark of Lanrus 
camphora, from which it is Extracted by distil¬ 
lation with steam followed J?y Bublimsiion. 
Varieties of camphor occur also in several essen¬ 
tial oils ( 0 . infra). Campho, may bo recovered 
from its bromo-derivative by the action of 
nascent H or of alcoholic KOH (Schiff, B. 13, 
1407 ; 14, 1377). Camphor is also formed by 
distilling calcium oamphato with calcium for¬ 
mate and by oxidising dextro- and Itevo- rota- 
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tory flirneols (Montgolfier, 0. R. 68,915; A. Ch. 
[ 0 ] 20 ). ^ 

Proj^rties ,—Hexagonal prisms, tenninated 
by hexagonal pyramids.(X)eBcIoizeaux, A. CK 
[3] 66|219; Cazeneuv^a. Morel, 0. Be 101, 
438). •Tough, with peculiar odour; subllmef 
at or^nary teinpeyatnres. Small pieces rotate 
upon pure water. V. si. sol. water, v. sol. 
ordinary solvents. Camplior is dextift-rolbtory, 
tiiio rotation varying greatly with the nature 
and strength of Ui j solvent (Arndtsen, A, Ch, 
[H] 64, 403; Landolt, A, 189, 334). Its re¬ 
fractive power is tliat of a saturated eompomid 
(Gladstone, 6 *. J. 49, 021). 

Reactions. -0- 1 . Can^’hor (5 kilos.) gives, 
when oxidisofl by UNO.,, (1’7 pure cam¬ 

phoric acid insol. cold'walrr, and ( 1-8 kilos, of) 
crude camphoronio acid, iiesidos camphoronio 
acid the j#lublo portion contains (•! kilo, of) 
dinitroheptoic acid, and (-2 kilo, of) acids 
(hydro-oxycamphoronic acid), CaHuO,, 
CjHijOy, (?) [145®], and another acid. A very 
small quantity (2 g.) of inosocanqihorio acld^, 
is also got. Tljis fonns woolly needles, 
soluble in cold water [ 120 ®]. - 2 . Jly oxidation 
with CrO, it gives camplioronic acid CoH,„Oj 
anfl hydro-oxy-camplioronio C^IinO, but not 
adipic acid (Kachlcr, B. 13, 487; c/. Kallo, B. 
12, J.OO?). Alkaline KMiiO, gives camphoric 
acid (Grf)sscr, B. 14, 2507).- 3. Tlio chief pro- 
duclj of tlie dry distillation of camphor with 
ZnC^ (2 pts.) are ^a-inothyl-isopropyl-benzene 
(?a-cynieno) and (l:2:4)-di-metl»yl-cthyl-benzene 
(laureiie), together with smaller quantities of 
(1:2;3:5) - letra - methyl • benzene (isodurene), 
carvacroI,camplioroiic, and various other bodies 
(Armstrong a. Miller, B. 16, 2255) such as CHi, 
bo^izeiio, toliicno, xylene, and i|/-cumene (Fittig, 
A. 145, 129 ; llonimjer, Bl. 12, 383; Juippmann 
o.Tjonguii]>ue, .'4 [2] 5,413; Moi)tgoIticr,.A. Ch, 
[5] 1-4, 87^. • 4. By tiiotaction of iodine it yields 
a hydrocarbon C,„IT^, carvacrol, * (l:2:4)-di- 
in. thyl-etliyl-benzcue, (1:2:3:5)-tctra-methyl- 
ben/cnc, and traces of ordinary cymono (A. a. 
M.; Annstrong a. EaskelJ, B. 11,151; Rsy- 
man a Preis, B. 13, 316).^—5. By treatment 
with PnOr, ordinary cyrneno is formed, which is 
also the chief product of the action of P.jSs but 
aoeompanied in tlie latter case by small quan¬ 
tities of m-mcthyl-isopropyl-bonzfne and tetra- 
methyl-bcn 7 .en (3 (Belalando, A, Oh. [3] 1,368; 
Am!sti\)ng a. Miller, 7./. 16, 2256). — 6 . By dis- 
tlllaiio!. •bvci red'hot zinc-duat a inixturi^ is 
fonnod of tofuene, ^^-xylcnc.oymono, and a little 
benzene (Schriitter, 13, 1621)?—7. Cone. 
Il.SO, forms can plirene or oampliorphorone 
C,,11,^0 (Chautard, C. Jt. 44, 60; Sohwanert, if. 
123, 298).—8. Boilirg alcoholic KOH forma 
campholio acbi apd borneol (Bertlielot, A, Ch, 

[3] 56, 94 ; ].L | 2 ] 17, 300; Montgolfier, BL [2] 
18, 114 ; 25,13 ; Wheeler, A, 146. 84; Kachler, 

I A. 102, 268). Campholicacid is also formed by 
^passing eamphor-vapou^cver heated soda lime. 

9. Cl has no action, but in pvcsenqp of alcohol 
or PCI 3 chlorination ensues (Claus, J. pr, 26* 
257).—10. HCIO forms chloro-camphor.—11. Br 
forms CinH.gOBrj which readily splits up into 
HBr and bromo-camphor.—12. ICl at 260® 
forms CCI 4 , C.Clg, and 0*01^.—13. PCI, fora^ 
CjJIjhCV— 14. Camphor absorbs IICl (Bindau, 

Ae Che [3] 24, 328). Aqueous HCl at 170® 
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rolitg it np into H,0 and oymene (Alelejefl, 
/. B, 12, 187).—IS. Camphor absorbs* SO^ 
becoming liquid.—16. It also absorbs NO~— 
17. Cono. HIAq at 200'’ forms 0,.H„ (1630), 
C.H„ (185o_140O), fid C,„H^ (170“jl75O) 
(Wejl, Z. [2] 4, 496; B. 1, 96).—18. sMium- 
amalgam has no action.—19.» Na acting (1 90° 
on a solution of camphor in toluene forms 
sodina.-oanphor and sodium borneol (Baubigny, 
Z, [21 2, 408; 4, 298) (c/. p. 672).—20. CO., ga,3 
passed into the product of the action of Na on 
camphor in toluene forms the carboxylic acids 
of camphor and of borneol (Baubigny, Z. [2] 4, 
482, 647). Air passed into the Same mixture 
forms camphoric acid /,Montgolg.cr, A. Ch. [5] 
14, 75).—21.»Camphor does not combine with 
NaHSO, (Fittig a. Tollcns, A. 129, 371).— 
22. AoCl has no action.—23. Converted in the 
animal economy (of a dog) into ca».ipboglyou- 
ronio acid (g. o.).—24. Melted camphor absorbs 
BF, forming C|„TI|„OBFj (70°]; when this is 
heated for 24 hours there is formed eyineue and 
its polymerides, CJI,,. C.H,„, and other hydro¬ 
carbons (Landolph, C. li. 8(i, 539).-- 25. Chloral 
hydrate forms an unstable molecular compound 
with camphor. It is a viscous liquid, sol. alco¬ 
hol and CHC1„ insol. water (Ca/.enenvc a. Im- 
bert, Bl. [2] 34, 209; Zcidler, J. 1878, 615).- - 
26. By heating with ammonium formate 
at 220°-240° it yields formyl-bornylaminc 

< CH, . 

I (Lcuchart a. Bach, lA 20 , 

CH.NHCHO 

104).—27. It does not react with phcnyl-cyanato 
(L. a. B.).—28. Hydroxylamino forms an oxim, 
V, Oampiiokoxui. 

Phenyl-hydraside C,„H„;N,TIPh. (233°) 
at 10 mm. From c.amphor and pbenyl-hydra- 
zinc. Oil. Split up by dilute HCl into cam¬ 
phor and phenyl-hydrazine, aiid by dry HCl 
into aniline and the njurilc of campholenio 
acid (Balbi'ano, 0. 10,1.32). 

Consfitwf/mr.-- The action of hydroxylamino 
on camphor coupled with the fact that camphor 
dop not combine with NaHSO, indicatifi! that 
it is a ketone. The ready formation of benzene 
derivatives indicates a six-carbon ring. Its opti¬ 
cal properties are those of a saturated compound, 
V. also TnarENKs. 

The two following formula) amongst others 
have been proposed for camphor: 
CH,.C(C,H,).CH, 

I .-I I (Schilf, A-,226, ?49t Kanon- 

cn,.c(CH 3 ).co *’ 

nikoff, J.pr. [2] 32, 511; cf. KckuU, B. 6, 931) ; 
CH,.CH,.Cn.CH, 

I I I . (Armstrong a. Miller, B. 

CH,.CH.CH,.CMe.CO . 

16, 2265). V. also TEnPEKEs. > 

Chloro - camphor C,„H„C10. [95°]. From 
camphor and eonc. HClOAq (Wheeler, Am. S. [2] 
46, 48; A, 146, 81). Crystalline powder (from 
alcohol); at 200° it givdS off HCl. Decomposed 
by alcoholic ^gNO,. 

(a)-Chloro-camphar C„II|,C10. [84°]. (C.); 
[93°] (B.). (246°).[o]j - 90°. Formed by passingdry 
Cl into a solution of camphor (760g.) in absolute 
alcohol (230g.) (Cazeneuve, C. B. 94,1630 ; Bl. 
f4^38, 9; 44, 161). Formed also by heating 
chloro-camphor carboxylic acid (Schiff a. Puliti, 
B. 16,887 ; Balbiano, 0. 17, 95). Hard, brittle, 
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monooliaioneedles; smellinglikaeamphor; fola> 
tile with steam. Not decompoa^ by aleoholie 
AgNO,. Sodium-agialgam reduces It to cam¬ 
phor; the oopperrzino couple, and hot soda- 
lime, act similariy. Alooholio KOH at 180° 
gives borneol. Phenyl - hydrazine forma 
C,.H„(N.,HPh)(N3H,,Ph) [66°] (B.). 

(8)-Chloro-oamphorO|„H,5C10. [ 10 ft°]. (246°), 
[o]j=67°. Deposited sfrom the mother-liquor 
after the preceding has separated (Cazeneuve, 
C. B. 95,1358; Bl. [2] 39,116). Soft, minute, 
needles, more soluble than the preceding; mis¬ 
cible with boiling alcohol. Not decomposed by 
alcoholic AgNO,, but converted by boiling oloo- 
holio KOH into the preceding body. PF^qy!- 
hydrazine produces the same comifouAd [56°] as 
with the preceding (B.). 

(a).Di-chloro.camphor 0,„H„C1,0. [96°]. S.O. 
4-2. [o]j = 57'3° (in alcohol or chloroform). 
Formed by passing dry chlorine lor several hours 
into camphor dissolved in absolute alcohol at 
80°-90". The product is ppd. by water and 
CiystaUiscd from alcohol (Qazeneuve, C. B. 94, 
730, 1058; Bl. [2] 37, 454). Trimetrio prisms 
(from alcohol); a:5;c = 1'S358:1:1'4820; si. sol. 
cold, v, sol. hot, alcohol; almost insol. water 
but rotates upon it. Above 150° it blackens, 
giving off HCl. Insol. HOAc (dillerenoe from 
camphor). It forma a liquid combination with 
aldehyde'. 

( 8 )-Di-chIoro.camphor C|JI,,CljO. [77°]. [a]j 
= 57-4" (in alcohol); 00 6 ° (in CHCl,). Ppd. by 
adding water to the mother-liquor from which 
the preceding has crystallised (Cazeneuve, 0. B. 
94, 1300 ; JiL [ 2 ] 38,' 8 ). Crystallises from al¬ 
cohol with diiKculty; v. e. sol. alcohol, ether, 
and chloroform; liquefied by chloral-hydrate 
(dilTcrence froiK the preceding). 

Tri-chloro-camphor C,„H|,,C1,0. [54°]. [a], 
«=64° (in alco’ Formed by saturating chloro- 
camphor wii'ii chlorine at 100“ (Cazeneuve, C. B. 
99, GO 5 ). Minute crystals, insol. water, sol. 
other menstrua, (jives oil HCl when heated. 

Bromo-camphor C,„n, 5 BrO. [76°]. (274°). 
S.G. 1-44 Boo 98-5 (in a 7'37 p.o. alcoholic 
solution) (Kanonniboll, J, pr. [ 2 ] 32, 604). 
Mb = 139°. Formed by healing camphor di- 
broraide at 100° (Perkin, C. J. 18, 92; Maisch, 
C. C. 1873, 437). Monoclinio prisms (from 
alcohol); m. sol. alcohol, v. sol. CHCl, and 
benzene; m^y bo sublimed (Montgolfier, Bl. [2] 
23, 253). 

Beaclions. —1. Sodium-amalgam reduces it, 
in alcoholic solution, to camphor; alcoholic 
KOH alsj) gives camphor. Sodium added to 
its solution in toluene gives sodium camphor 
(It. Schiff, B. 13, 1407).—2. PCI, has no action 
even a» 100° (Schiff, B. 14, 1378; Kachler 
a. Spitzer, M. 3, 206).—3. Heating with ZnCI, 
at 160° gives a mixture of p-xylene hexahydride 
and a phenol C,„BuO appaicntly identical with 
the carvacrol obtained by 'the action of I on 
camphor (B. Schi£t,C. 13,1407).—4. Nitric acid 
formp bromo-nitro-camphor and camphoric acid 
(Armstrong, B. 12,1368; B. Schiff a. Maisson, 
C. 10, 317).— 6 . Phenyl - hydrazine forms 
C„Hi 5 (N,PhH)(N,PhH,), [ 66 °] (Balbiano, <?, 
17, 95, 166). 

(«)-Dl.bromo-oafliphor 0,JH,,Br,0. [116°].^ 
Formed, togetherwith the preceding, by heating 
bromo-camphor (1 mol.) with Br (2 mols.) lor ll 
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hoars at 180° (^a.S.; e/. Swarta, Z. [3] 3,*205; 
B. 16,1622). formed also by heating (fi)'di. 
bromo-oamphoF with gaseous HBr at 130° 
(Swarts, B. 16, 2136), Trimetrie crystals; 
a:6;c =>’95;l:-62; si. sol. aloShol, ether, and 
petroleum. Less volatile with steam than the 
preceding, 

Beacti^. —1. Sodmm-amalgam gives cam¬ 
phor and oampholonio eicid.—2. Cone. IINO, 
gives di-bromo-nitro-camphor [130°]. 

(6)-Di-bromo-caniphor 0,„U, ,Br.,0. [01°]. 

Formed, together with its isonieride, by tlio 
action of Br (1 mol.) on bromo-oampliot (1 mol.) 
lor 7 hours at 120° (Kachler a. .Spilzer, M. 3, 
208 p ^enharovioli. M. 3, 231; cf. K. Kcbill, O. 
11,17?; MoiffgolOer, Bl. [2] O.l.'O.'iS). Trimetrio 
crystals, o:4;c=^2'0(i8.');l:l-.'<778 (Cazenouve a. 
Morel, iH. [2] 41, lCl) = l-911:l:l-.758 (K. a. S.). 
V. sol. alcohol, ether, and petroleum. 

Iteactims. —1. Aleoholio KOIl, or sodium- 
amalgam, reduces it to bromo-e.imphor, and 
finally to cami)hor.—2. Sodium and CO.; form 
camphor carboxylic jcid.—3. Cone. UNO, giv(B 
camphoric, and hydro-oxy-camplioric, acids, to¬ 
gether with bromo-(li-nitro-methano (Kachler 
a. Spitzer, M. 4, 664). 

(a)-Chloro-bromo-camphor C|,H„CIBrO. 

[98°]. [o]j=78°. Formed by heating chloro- 
camphor [81°] with bromine in scaled tubes tor 
5 hours at 100°. White needles. Insol. water, 
sol. hot alcohol, ether, and ClIClj (Cazenouve, 
Bl. [2] 44,115; G. U. 100, 802). 

(8)-Chioro-bromo-camphor C|JI, ,CIBrO. 

[61-5°]. [a]j = 61°. Brepared by heating ohloro- 
oamphor (1 mol.) with kromino (2 mols.) in 
sealed tubes for ono hour at 100° C. Hard, 
trimetrio cryst.ala, a'.h'.G — 1*914 i'l:l'6395. Insol. 
water, v. sol. alcohol, v. sol, euu.s, CTICI,, C,,!!., 
and CS., (Cazenouve, Bl. [2J 44, 115; G. It. 
100, 859). Decomposed by 1^'^ug AgOAcAq 
(difference from preceding). 

lodo-camphor C,„H,,,I(). [44°]. Formed, to¬ 
gether with NaCy and Nal, by the sotioff eff ICy 
on sodium-borneol dissolved in benzene (Ilallor, 
0. It. 87, 095). Monoelinic crystols, insol. 
water, sol. alcohol. Decomposes at about 150°, 

Nitre-camphor C,„lI,jNO, [83°]. Prepared 
by the action of alcoliolio KOIl on bromo-nitro- 
caraphor (Sehiff, J3. 13,1402; 0. 10, 330; 11, 
21). Dissolves in aqueous alk.alis. (lives a red 
colouration with Fe.;Cl„. HNO., gives a nitroso- 
compound. On oxidation with INIO;, it gives 
camphoric acid. By reduction it gives arnido- 
camphor. Bromine forms C,„H,,,N,Br,0|, ? 
[95°J. Cl forms similarly C;„ll,.,^;iCI;0,| ? 
[110°]. Steam-distillation gives camplforio^dcid 
and anhydride and Nil;. This substance is 
probably a mixture of the two tollowino 

(o)-Nitro-CBmphor C„H|;(N0.,)O. [101°]. 

[a]j (19*978 p.o. in benzene) —98'; (3*33 p.e. 
in alcohol) —7*6°. Formed,together with its 
(8)-isomerida, by tifb action of Zn, On, Fc, or 
alkalis on either chloro-nitr(koamphor dissolved 
in alcohol. Best prepared by using the oopper- 
aino couple. The resulting zibo-salt of nitro- 
camphor is decomposed by HCl. The (ajb 
compound is the less soluble in cold alcoliol 
(Oazeneuve, 0. B. 103, 275; 104, 1522; Bl. [2] 
47, 920), Trimetrio prisms. Decomposes at 
160°. Lravorotatory. Its rotation varies with 
oonoentration of the solution. It forms a com¬ 


pound with benzene. It reddens litmus, and 
docomposes carbonates. Fe,Cl, colours its aloo* 
hoUc solution blood-red. 

(fi).Nltro.oamphor 0„H,,,(N0g)O. [98°]. 

[a]j (3*33 p.o. in bonzeipi) -75°; (3*33 p.o. in 
aloohoi) *!■ 7*5°. Prepared as above. Soft, fern* 
like, crystals (frors alcohol). Insol. water, sol. 
other'menstrua. Le.s3 stable than the (o)- 
isomerido. FejCI, colours its solo],iona red. 
Its salts are more soluble than those of the 
(d). compound.—NuA'.—ZnA'.;: sol. water. 

(a) - Chloro - nitre - camphor C,„H, ,Cl(NOJO. 
[95°]. [o]j=—6*2°. Fromcliloio-oamphor[93°] 
(1 pt.) and furning HNO, (4 pts.). Large trime¬ 
trio prisms (from alcohol); ii;6:c---2*022:1:1*475 
(the author does not say'wlicthen tliqso numbers 
belong to this or to the following body). Insol. 
water, rn. sol. cold aloohoi. Decomposes above 
100°. Reduced by nascent hydrogen to nitro- 
camphor ((Jizcncuvo, G. U. 90, 589 ; Bl. [2] 39, 
503). 

(8)-Chloro-nitro-camphor C,„II„CI(N0.j)0. 
[9.8°]. [o]j = 10*5° (in alcohol). Occurs in the 
motlier-Iiqnor from which the preceding has 
separated. Soft crystals, v. sol. cold alcohol. 
Reduction gives nitro-camplinr. Loss stable 
than the (o)-isomcridc, for alkalis remove Cl 
forming nitro-c.amphor even in the cold. Not 
decomposed by alcoholic AgNOj (Cazenouve, 
G. B. 98, 306: Bl, [2] 41, 285; 44, 101; 47. 
926).. 

(;.). Bromo - nitro - camphor 0,„H| ,BrNOj. 
[105^]. [a]j = —27°. Prepared by nitration of 
bromo-camphor, Trimetrio crystals, a:5:c=» 
2*0854:1:1*5423. Nearly insol. cold aloohoi. 
By the action of alcoholic KOH or nascent H 
it gives nitro-camphor (Schilf, (}. 10, 324; B. 
13,1402 ; 14, 1377). 

Di-bromo-nitro-camphor C|„n|,Br_(N0,)0. 
[130°]. Fro”i ('''-di-hromo-camplior by nitra¬ 
tion (Kachl :.* a. [ipivu^r, M. 4, 5.54). Trimetrio 
prisms or n ’';dl''s, n:5;c=’1*76:1: t**49.' Reduced 
by t’r and IlO.Ac to amido-cainphor. 

Aniido-camphor 0|„II|.N(). (217°). Waxy 

solid, q Strong base of alkaline reaction. Pre- 
pareu my reduction of nitro • camphor with 
Bodiura-amalgaTU in alkaline solution. It reduces 
Fehiing's solution, AgNO,, and IlgCb. With 
UNO.; it produces oxy-camplior (Sehiff, B. 13, 
1404). (In distillatioi* of tho hydrochloride 
of amido-caiiiphor with steam, 'dicamphyl- 
amine’ *C.„lIj,NO., passes over and ‘cainph. 
inlido' 0*H,^N rciijaius in the retort. Dicara- 
pliylaminv [160 J crystallises in needles, 
insol. acids, volatile with steam.® Camph- 
imide forms crystallhi'. ilakos, .soluble in acids; 
nitrous acid converts its hydrochloride into 
‘diazo-oampho. ’ C|,II ,bro [74°] which may be 
reduced by Zn : id llOAo to .amido-camphor, 
Diazo-camphor is converted by heat into ‘de- 
hydro-eamphor ’ C|„1I||0 [lCb°j (H. Sehiff, 

a. 10, 362; 11,171; B. 14, 1375). 

I Oxy-eamphor (7) C,®'!,,.©; [155°]. Prepared 
’by the action of HNO., on arnido-campho* 
(Sehiff, B. 13, 1401). fcolourless ciRatals. Vola¬ 
tile with steam. 

Wheeler’s ohloro-oamphor (q.v.) gave with 
slooholio KOH an * oxy-camphor ’ [137°]. 

The acetyl derivative [69°] of an ‘oto 
camphor ’ [249°] is formed by oxidising teclfi- 
bomeol. 
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An ‘ojiy-catnplior’ [61°] is formed iy oxi¬ 
dising oaniphene (v. TeamuBa) (Ksohler a. 
Bpitzer, A. 200, 368). 

Y. also Oampholknio Aom. 

' Kiero-oz7-camp]i|>r,’ v. Nitiu>-oaiifholz!iio 
A on>. t 

Oyano-camphor v. Nitride of CkMpnm oab- 
BOXTLIO AOID. 

^hyl^amplior C„H,,,EtO. (228"). 8.0. 

-046. [a]j = lCl'’. From sodium-oamphor 
and Ell (Baubigny, Z. [2) 4, 481). Oil. 

Isoamyl-camphor C|„II|5(CjII|,)0. (278" oor.). 
r«]j = 59’4“. From sodium-oamphor and isoamyl 
ibdido (B.). > 

‘Nitrohexoic acid’ C,II,|(NO.JO.. i.e. 
Mc.CH(NO.,)^Ct!e,.CO,lX(?) [116»J. Fromiilnitro- 
hoptoio aoiii'^nd sodium-amalgam (Kullhcm, A. 
107, 45; Kaohler, A. 191, 157). Beotaugular 
four-sided columns (from water). j^Ionoclinio; 
i:c = 1: 'Oil.!; S = 8,') ’ 30'. After several fusions 
it melts at Ill’S". Quickly he.ated, it explodes. 

Seactions, —1. Dissolved in a little aqueous 
KOH, mixed with KNO^ and dilute H,SO, a fine 
blue colour is formed. This colour is taken up 
by ether; henee the body is probably akin to 
pseudo-nitroles.—2. Sn and IICl produce methyl- 
isopropyl ketono, hydroxylamino, and COj.—3. 
Baryta in sealed tubes at 95“ does not deeom- 
poso it, but forms the basic salt C„ll,l?aNO(. 

Sinitrohexoic acid C„II,„(N 0 ,)j 02 ? t.«. 
MeC(NjO,).CMo,.CO,,n (?) [215"J. ' Got by 

Kullhem by treating the residues in Ihe^ pre¬ 
paration of camphoric acid with strong Ii NO, 
(A. 16.3, 231; Kachler, A. 191, 155). Jlono- 
olinio plates; a:b:c = ■5735:1; 0021; 8 ^ 70“ 42'. 
M. sol. cold water, v. sol. hot water. Explodes 
when rapidly heated. Its aiumonium salt 
gives with cuprio acetate a bluish pp. sol. excess 
of the acetate (dillerence from camphoric acid). 
The free acid does not pp. cupriy, or load acetate. 
The neutral salts give a tj-voufent pp. with lead 
acetate. • 

Salt.—BaA'jSaq. lf!!cdlos. 

jRcaefions.—1. lleducod in alcoholic solution 
by soilium amalgam to mononitroheptojj] acid. 
2. Beduced by Sn and HCl to methyl iso propyl 
ketone and hydroxylamino.—3. Potash and 
baryta healed witli the aqueous acid in scaled 
tubes produce both nitro-heptoio acid aud 
methyl isopropyl ketone. 

Hydro-oxycamphoronic acid OjHuO,. [1G4’5°J 
(Kachlcr, A. 191, 118). Needles. Sol. cold 
water. Tribaaio acid. Give; no pp. with B.aClj 
or fcaClj and Nil,, even on boiling (ilifterenco 
from campUoronio acid). Cuprio acetate gives 
no pp. until boiled when a bluish-grocn cupric 
salt is ppd. Lead acytate gives a while pp. 
soluble in excess. AgNQj gives a white pp. 
soluble in hot water. 

Salt3.-NH,II.,.V’'.-CallA'" 2aq.—Ca.A'''^ 
—Ba,A'".,.-Cu,A'",.-Ag,A"'. 

ISOUEniDES gF CAiMPHOB. 

Lievorotatory camphor C,„n,„0. [172“ cor.J 
(B.); [175“]^(0.). (204“). S.G. U’9853 (C.). 
[ajjm—47“ (C.); — 42“ (H.). Occurs together 
wi^th a terpene in tho ethereal oil obtained from 
the leaves of fever-few, Matricaria Parthenium 
(^autard, 0. B. 87, 166). Apparently formed 
ami by oxidising the Irovorotatory terpene ob¬ 
tained by treating with alcoholic KOH the pro- 


duot of the action of HCS ozftlsvorotatory dl 
of terpentine (Biban, Bl. 24,19\ Obtained alee 
by oxidising the bomeols of madder, valerian, 
Ngai, and Bang-fhien (Haller, 0. 3. 108, 64; 
104 ,66). HKO,‘ gives Imvorotatory oampboito 
acid [a]j-i—46“. The corresponding bromo- 
oamphor is also lasvorotatory, [o]J = —128“. 

Inactive camphor C,„H,„0. [173*]. Got by 
oxidising inactive b&r*eol \q .«.) with cold HNO, 
and then adding water (Armstrong a. Tilden, 
G. J. .16, 7i>2). Also by oxidising inactive 
camphene with H^SO, and E^OrjO,. Heated 
with ll.NOj it S'orms a camphoric acid, [203“] 
and giving when heated alone an anhydride, 
[223“]. 

Inaotivo camphor From Oil oft 
[171 ]. (205° uncor.). When oil of sage is dis- 
lillod, tho fraction 205°-208° deposits this 
camphor. It apparently only differs from ordi¬ 
nary camphor in being inactive, for:—1. PClj 
gives an oil which is converted by water into a 
wax-liko solid, [80°] whence Na forms a white 
solid.—2. Boiled with (2:1) it forms in¬ 

active camphoric acid [180°].—3. Dissolved in 
toluene and treated with «Xa and CO.^ it forms 
inactive boriicol, [200°].—4. Distilled with 
it forms cyinene (M. M. P. Muir, 0, «r. 37, 685). 

‘ Racemic ’ camphor C.^oH3.20,^ (?). [170°]. 

This name is given to tho product of tlic oxi¬ 
dation of a mixture of equivalent quantities of 
Iravo- and dextro- rotatory borneol, and is 
therefore inactive by compensation, as racemic 
acid is (TIullcr, 0. R. 105, CO). It gives a bromo- 
derivative [51°] and a camphoric acid [205°]. 
Tho ‘racemic* camphor, bromo-camphor, and 
camphoric acid wore also prepared by mixture 
and found to be identical with tho above. They 
differ in solubility as well as in melting-point 
fioin tho active compounds. The borneol of 
amber, and c^^^oqucntly the camphor derived 
therefrom, 5ii)pear to bo a mixture of dextro- 
a»ul Imvo-rotatory varieties in unequal propor¬ 
tions.* * 

Camphors, or bodies resembling camphenr, 
have been found in many essential oils, c.p. oils 
of alant (p. 1)4), absinthe (p. 2), chamomile, 
eucalyptus, lavender, nutmeg, rosemary, <fco. 
Wlum a camphor is convertefl into borneol, tho 
rotatory power of tho resulting borneol varies 
with each operation, but tho camphor regene¬ 
rated by oxidising the borneol lias in each case 
the rotator/* power of the original camphor 
(Montgollier). According to Ilallor (O'. R* 105, 
228) this may bo explained by supposing that 
the resulting borneol is always a mixture of 
a sthblo borneol rotating in the same direction 
as the original campnor and of an unstaMe 
borneol rotating in tho opposite direction. 

CAMPflOB-CARBOXYIflC ACID C„Ht.O,. 
[129°]. Formed as a by-product in the pre¬ 
paration of borno(k! from camphor by the action 
of Na on a solution of camphor in toluene, 
the product beingt treated with CO,. It is 
produced by tho union of COj with sodium- 
cara^or (Baubigny, Z, [2] 4, 481, 647; A. Ch* 
[^] 19, 221; Kachler a. Spitzer, B. 13, 1413; 
M. 2. 233). Long colourless monoclinio pyra¬ 
mids. Sol. water. Decomposes below 100° 
into GO 2 and camphor. 

Reactions,---!. Boiling AoCl forms 
[19C°], crystallising in needles.—2. P,0#, acting 
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OB it« KdntioB ta OHCHj, terms 0.j,H„Oj [265°!. 
8 . POl, terms [46°] which separates 

from ether-aloohorin triolinio crystals a: 6 :««» 
X: *80,4:'47. • 

Salts.— NaA.'.—BaAV—PbA'* 

Ethyl ether EtA': (270’unoor.); S.G. 
a. 1-062; oolourtess fluid (Roser, B. 18, 3113). 

Nitrile C^Hi^CyO. GyanO’Camphor^ [128^]. 
(260'). Formed by passings opanogon into a 
mixture^ of camphor and sodium-camphor dis¬ 
solved in hot toluene; extracted by shaking 
with aqueous NaOH and ppg. by HOAo. Rect¬ 
angular prisms (from ether); sol. aleohol, ether, 
and HOAo. Contains an atom of hydrogen 
displaceable by Na or K, terming unstable salts. 
Cone. HCl at, ,109° converts it into camphor 
carboxylic acid.,Oxidising agents give IlCyand 
camphoric acid. Alcoholic NaOIl slowly con¬ 
verts it into the ether of camplior carboxylic 
acid (Haller, O. B. 87, 843; 93, 73; 102, 1177). 

Chloro-oaniphor carboxylic acid C,|II,.CIOj. 
Formed by passing Cl into a solution of sodium 
camphor, carboxylato (fi^jliiff a. Pnliti, 11. Ifl, 
887). Flocouleut pp.; decouiposes on fusion 
into OOj and chloro-camp'ior. 

Bromo-oamphor carboxylic acid CnH.JlrO,. 
[110°]. From camphor carboxylic acid and Jir 
(Silva, B. 6,1092). ISoth the acid .and its salts 
readily decompose into CO., and bromo-cam¬ 
phor.—5oA'._..—AgA'. 

Oxy - camphor carboxylic acid C|,II.,0,- 
[160°]. [a],i = 69°. Formed by toiling tins 

nitrile of camphor carboxylic acid with aipicous 
KOH (Haller, C. R. 87, 929).. Nodules (from 
ether).—CaA" 6 aq.—BaA" Caq. 

CAMPHOR DICHLOEIDE C„,1T,„C1,.. [155°]. 
Prepared by the aetion of PCI. on e '..rnOmr in the 
cold: 0„H,„0 + P01j = POClj + C,„H„.Ci {H.|.U/.er, 

B. 11, 363, 1819; If. 1, 319). itemieil also 
by chlorinating bornyl chloride (li. ■ liter a. 
Spitzor,4.200,361), Featherytrimetricneedles; 
o: 6 :o = -917:l;l-686. Easily soluble in alcol.c! 
nnd ether. Easily splits oil HCl. 

CAMPHORIC ACID C,„n„0, i.e. 

CH; -CPr—CO..U 

C, H„(COjH), or I I ■ (Sohiff) 

CH.,—Ciro-CO.,TI 

or Fr.0H(0O,H).CH.,.CU;CMe.CO..Ti (W. Roser, 
A. 220, 278). Mol. w. 200. [ISli'J. S.O. 1-19. 
S, -626 at 12 °, R 83*14 (in a 1 p.c. aqueous 
solution) (Kanonnikoff, J. pr. [2] .H, 319 ). 
[o]d'= 48°. Formed by boiling camphor or eam- 
pholic acid with cone. HNO, (Kosegarten (17S.5); 
Laurent, A. Ch. 63, 207; Malaguti, A. Gh. 61, 
161; A. 22, 60; Wreden, A. 163, 323; V. Moyer, 
H.3,116; Kachler, 4.162,262). It is best to use 
the mixture of camphor and bomcol obtained by 
the action of Na on camphor (Maissen, G. 10, 
280). Formed also by the oxidation of chloro- 
or bromo- camphor with alkaline Dprmanganate 
(Balbiano, Q. 17, 240).* Monoclinic crystals; 
the rotation in alkaline solution has boon 
studied by Thomsen (J. pr. [2] 35, 167). The 
refractive power indicates a double Uhion, which' 
does not agree with Schiff’s formula. 

Reactions. —1. Seat splits it up into water 
and an anhydride.—2. Water at 180° changes if 
into meso-camphorio acid.—3. Fuming HCl at 
100° forms 0,H„ and 0,H„ (Wreden, 4. 187, 
(ML—4. Cono. BIAq at 200° gives xylene totra- 
rop. 1. 


m 

hydride and hexahydride (W.)_6. By the actios 

of ZnOlj xylene tetrahydride 0,H,4 is produced i 
0aH,4(C03H), = OjHji.-i- OOj -f CO -b HgO. 

The same hydrocarbqn is produced by the action 
of ZnClj on ammonium ehnphoramio acid: 

0„H,|0-(NH,.)(0NHJ -b ZnCl, -b H,0 = 
2 Nn 4 Cl + Zno + CO + 00,-b C,H„ (Ballo, B. 12, 
324).—6. The ammonium salt distilled with 
I'A gives a terpeiie C...JI.,- (Balte, 4. ig^ 32*). 
7. Cone. II-SO, forms CO and ‘ sulphocam- 
phoric acid.’ — 8 . Oouo. UNO., gives campho- 
ronic acid. 9. Potasli.fmioa gives pimelic acid 
l’r.Cn(CO;lI).CIi.j.CO.M and an acid 0,„H„0, 
(Jllasiwetz a. Crabowsky, 4. 146, 205).— 
10. Oistilbition with soda-Jitye gives camphorio 
anhydride and pho'rono C,,II„0 (M.iyg’-, B. 3, 
117). Distillation of camphorates gives similar 
results. 

Salts.—(IJpmpcr, 4r. Ph. [2] 110, 106; 
117, 23). NH,HA"a:aq.-(NH,),,A''.-li. 4 A''.— 

Na-A".--K 2 A": deliquescent. -MgA" 7 laq. S. 40 
at 20°.-MgA"12aq.-MgA''13.]aq.-CraH,A",.— 
«uA" 4iaq. - CaA" 7aii. — Ca,rT„A", 8 aq. — 
HalI.A'j2aq. -IiaA"nq ; needles and feathers 
(Kiugzett, C. J. 45, 93).—I!aA"4.1aq.—ZnA".— 
PbA". CuA".—Ag,A''. 

E thyl-ammonium salt (NII,Et).;A": 
small needles (from alcohol). Converted by 
PCI, into camidioric di cthyl-imidinc. 

Mono-methyl ether MellA". [ 68 °]. 
Mj=51-4°. Trimetric prisms (from otherU 
gives ca-jiphorio anhydride when distilled. V. 
si. sol. water (Loir, 4. Ch. [3] 38, 483). 

Mono-ethyl ether EtHA". S.O.— 1-095. 
Syrup. 

Di-ethyl ether Et^A". (286°). R.G.wi-029. 
Formed, together with camphorio anhydride, by 
the distillation of the mono-ethyl ether (Mala¬ 
guti, 4. Ch. [2] 64, i.;2-, 70, 360; Meyer,. B. 

3, 118). Liquij Cii!,. produces a tetra- 
chloro- drriv.itiie (C-TIjChf^A". S.O. lA V386. 

Chloride C,nH,,0,(Cl,,^’ Heavy oil, decom¬ 
posing at 200° (Moitessier, A. 120, 252). 

Areftyeyidc C,„H|,0,. [217°]. (above270°). 
S.G. — 1-194. [a]„ = — 7 - 7 ° (in benzene). 

Formed by heating camphoric acid or its salts 
(Bouillon-Lagrangc, 4. Gh. 23, 1.53; Laurent, 

4. Gh. 63, 207; Malaguti, 4. Gh. 64, 161; 
Blumenau, 4. 67,119; Monoycr, J. Ph. [ 8 ] 46, 
177). Formed also from camphorio acid by the 
action of (1 mol. of) PCI, (Geruardt a. Chiozza, 
4. 87, 294), I ? ooH!.. H,eO„ of Ac^O, or of AoCl. 
(Anschutz, B. 10,*1881). Long trimetric prisms 

. (from alcohol) (Montgolfier, 4. Gh. [n]*!!, 6 ). 

V. si. sol. water, v. sol. alcohol, v. o. sol. other. 
Slowly coiivi'.rted by boiling water into cam¬ 
phoric acid. The statenb-ut of Brodie (Pr, 9, 
361 ; 12, 665) that. Jiarium peroxide formed 
camphoric peroxide leas boon denied by Kingzett 
(C. J. 45, 93). 

Amide C,H|,(CONlh)j. - Amorphous mass 
(Moitcssior, 4.120,-gfiS). 

Imide C,H, 4 :CA:NH. [180°] (iit> sealed 
tubes, Ballo, 4. 197, 332). Formed by heating 
aiimonium camphoramato at 160° (Laurent, 
Gompt. chim. 1845, 147; 4. 60, 327). Laminss. 
May be distilled. 

Ethylimide C,H„:OA’.l®f- [60°]. 

(276°). Colourless crystals. Prepared By dil- 

XX 
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tilling ethylamine oamphorats (Wallaoh a. 
Kamenaki, B. 14,164; A. 214, 248). 

Allyl-imide 0,H„:0,0,:N0,H.. [49°]. 

Pormed by heating camphotio acid with allyl 
thiooarbimide. li]( ol. water, sol. alcohol and 
ather. r 

Phenyl-imidi 0,E„;0A:NPh, [116°]. 

Panned, together with phonyl-oamphornmio 
acid, warming camphoric anhydride with 
aniline (Ocrhardt a. Laurent, A. 68 , 35). 
Needles (from ether); insol. cold water. 

Di-ethyl-imido-xmidine CnHa,NjO i.e. 
. 0 =N 0 jH, 

>NCA (286°).. S.Q. U 1018. 
^ 0=0 , 

Liquid ij. r’, sol. water. Pps. salts of Cu and 
Fe. Prepared by the action of I’Clj on ethyl- 
amine-camphorate or by the action of ethvl- 

amine on the chloride ( 0 ,H,\ ?NEt) obtained 

^CO 

from PCI, and oamphorio-ethyl-imide. By HCl 
at 200 ° it is decoinposed into ethylamine anil 
oamphoric-ethyl-imide. Salts.—li'HCl: deli¬ 
quescent crystals. • - B'lII: sparinjjly soluble 
needles.—(B'HCl).PtCl,. Its ethylo-iodide 
B'Etl: [245°]; forms long colourless prisms 
(Wallach a. Kamcnski, B. 14, 162; A, 214, 
242). 

Nitrile C,H|i(0N).j. Formed, in srn.all 
quantity, together with hydrocarbons CJI,, and 
by distilling ammonium cami)hor!unato 
with P 3 O 5 (Ballo, A, 197, 331). Crj'staUine; 
insol. water. 

Camphoramic acid CJI,,(CONH>)(CO._.TI). 
So-called *ainidO’Ca7nphoi'ic acid.* The ammo¬ 
nium salt is formed by the action of Nli^ on 
an alcoholic solution of camphoric anhydride 
(Laurent, Compt chim. 1815,147; A. CO, 32(f), 
Trimetrio crystals; m. sol. hot water, v. sol. 
alcohol.—NH^A'aq. When boated with 

dry ZfiGl 2 it gives xylene tetrahydrido and a ter- 
• pene (Ballo, B. 12, ,^Ql).—AgA'. 
Phenyl-camphorarnlo acid 
0 ,H,^(CONPhH)(CO 2 H}. Formed by boiling the 
phenyl-imido of camphoric acid wi’th alcoliolio 
NHj, or camphoric anhydrido with aniline. 
Needles (from alcohol); v. si. sol. boiling water, 
—AgA' (Laurent a. Gerhardt, A. 68 , 36). 
Bromo-camphorio anhydride 
CO 

0,H,jBr<^j,Q^0. From camphoric anhydride 

^ (10 g.) and Br (15 g.) at ,130° (Woringcr, A. 227, 

3) ; an additive compound OJ.HnOjBr., appears 
to be first formed (\Vreden, A. 163, 330). Tri- 
metrio crystals (from chloroform). n;5:c = .| 
*8866:1:‘6766. Nil, gives the imido of oxy- 
oamphorio acid. ^ 

(a)-Oxy-caiaphorio acid 0„HiA* Formed, 
together with pimelio acid, by fusing camphor 
with KOH (Hlasiwotz a. Grabowski, A. 145,212). 
Thick liquid; the salts are amorphous. 
(J3).0xy-campb Tic acid OiAiA . 
Anhydride C.iH„0, i.e. •* 

0 ,H„( 6 'H): 020 j '*0 (?) Gamphanie acid. [201°]. 
Formed by boiliug bromo-oamphorio anhydride 
with water (Kachler, A. 162, 264). Monoolihio 
prisms (containing aq or 2aq) (Griinling, .4.227, 

4 ) . Sublimes at 110°. Decomposed on distil¬ 
ls lation giving CO„ lauronolio acid C,H,,0.„ and 

t pampho-lacton, ’ CAiiOr Water at 180° 


splits it up into 00, imd (119°).— 

Ba( 0 ,oH,, 0,)2 l|aq.—Gd( 0 ,gA,Oj 3 8 aq. 

Ethyl ether EtO„H,A. [63*]. From 
bromo-oamphorio anhydride and alcohol at 150°. 
Prisma. o 

Imide C,.H„NO, i.e. 0,H„(0H):0AaNH (?) 
[208°]. Amido - camphoric av,hydride. From 
bromo-camphorio anhydride and oono. NHjAq 
at 150° (Wrede|,,^. 163, 339). 'Long needles 
(from alcohol). iMblimes at 160°. Converted 
by nitrous acid into the anhydrido. 

Oxy-camphoramie acid 0|„H„NO, i.e. 
C,H„(OH)(GONH.,)(CO.,H). • Amido-camphoric 
acid.’ [160°]. Formed by boiling the imide of 
oxy-camphorio acid with dilute KOH (Wreden, 
A. 103, 310). Prisms containin^aq (from alco¬ 
hol). On fusion it is converted irito the parent 
imide. Converted into oxy-clinphorio anliy- 
drido by HNOj, by oono. HOlAq, or by H.,SO,.— 
CaA'j2aq. 

‘ Sulpho - camphoric acid’ so-called. 
C„H„|SO„. [100°-165°]. Stilphocamphylie 

acid. Formed, togetlier with CO, by heating 
camphorio acid or anhydrido with oono. n.,SO, 
(Walter, A. Oh. [3] 9 , 177; Kachler, A. 169, 
179). Triclinio prisms (containing 2aq): 
a:5:c = *8.51,5;l;*7590; o«82°39'; 8 -121° 10'; 
7 — 111 ° 36' (Jicpliarovich, Site. B. 73, 7). V. e. 
sol. water, alcoliol, and ether. UNO, (S.O. 
1-25) converts it into C,[I,.;SO,. Potash-fusion 
gives 0,H,.41., [118 ’], insol.cold water, but sepa¬ 
rating from alcohol in monoclinic crystals. 

Salts. (Nri,),A"aq. ■ -K,A". — CaA".— 
BaA".— Pt)H.,A "2 4aq: trimetrio. — PbA". —• 
EaCuA";.—AgjAA'. 

ISOMRUIDES OP CAMPIIOniO ACID, 

Lsevo .rotatory camphorio acid 0,„H|,0.* 
[186°]. [a]j= — 46*3° (in alcohol). Formed by 
the oxidatmn of hevo - rotatory ([a]j = — 38°) 
borneq\,p.ii tlio corresponding camphor, by heat¬ 
ing for several hours with a large excess of 
niiOj (S.O. 1-27) (Chautard, G. B. 37, 166; 
Haller, C. B. 103, 64). llescmblos camphorio 
acid in all respects except that its rotation 
though equal is opposite. 

Inactive camphorio acid (0,„n|,0,)r [204°]. 
3. 1; 3. (alcohol) 33; S. (ether) 28 (C.). 
Formed by heating inactive camphor with UNO, 
at 100 °, or by mixing equal weights of doxtro- 
and Ifflvo-camphorio acids (Chautard, 0. B. 66 
698; .hrrnsti'ong a. Tilden, 0. J. 36, 767 • 
Halier, G. B. 105, 66 ). Less soluble than its 
isomeridos. 

Diethyl ether Et^A". (270°-275°). S.O. 
II i03 (C.). 

Anhydride (0|„H|,Oj).,. [223°] (A. a. T.). 

3. jchloroform) 25; 3. (ether) 4; 3. (alcohol) 1*6 
(0.). Formed by heating the acid. 

An inactive camphoric acid [186°] was ob¬ 
tained by Jr^nir (0. J. 37, 686 ) by oxidising the 
camphor of oil of sage 

Meso-camjihorio acid OuHi.O,* [118°]. 

Formation. —1. Formed by heating dextro- 
oamphoria aoid (5g.) with (20 0 . 0 .) fuming HCl 
at 140° for 30 honrs (Wreden, Z. [2] 7, 419; A. 
163, 828; B. 6 , 665).—2. By heating deitro- 
camphorio aoid (6 g.) with HI (30 0 . 0 . of S.O. 
1*6) at 160°.—8. By heating camphorio aoid 
with water at 200° (Jungfloisoh, B. 6 , 268, 680). 

4. Together with ‘ suiphocamphotiq aoid’ b;^toil 



camphorq|;im; 


wtion of on oanphor. Ocoura also in 
small qnantity^n the preparation ot oamphorio 
aoid from cariplior and HNO, (Kachler, A. 169, 
179 ; 191, 146). . 

JVopertMi.—Crystalline, 4>ut separates from 
alcohol and ether as an oil. More soluble than 
ordinary camphoric acid. Cone. HjSO, converts 
it on warming into ‘ sulphocamphorio acid.’ 
When hdhted it gives the anhydride of ordinary 
oamphorio acid. Boiliffg Hilute HCl changes it 
into inactive camphoric acid. 

CAHPHORISE CisIIijOj. [222°]. Occurs to¬ 
gether with galangin and alpimn in the galanga 
root (Alpinia oJJlcijuirum). iTat yellow needles 
(containing aq), sublimable. Sol, liot alcohol, 
ether, and j^eclic aoid, si. sol. chloroform and 
benzene, msol. water, llissolves in alkalis. On 
oxidation \tith dilute UNO, it produces anisic 
and oxalic acids. 

Salts.—A"Pb : yellow amorphous pp.— 
A"l’b.;0.—A"l(a 2aq: orange pp. 

Di-acetyl derivative C,jII,„0,(0.\c)... 
[189°]. Colourless crystals. Insol. water. _^i. 
sol. alcohol. * 

Di-benzoyl derivative C|,,II,„0,(0Bz).„ 
[186°]. Fine white needles. Scarcely sol. alcohol, 
insol. water. 

Di-bromo-derivative C,„II,„Bi\,0,. [22.o°]. 
Yellow needles. SI. sol. alcohol (Jahns, I). 11, 
238.5). 

.CAMPHOR-IMIDO-ACETIC ETHER 
C„H2,NO,t.c. C„H,,<;^^>N.CII-.CO.Et. [8(P]. 

Formed by adding a solution of Cll^Cl.CO.d'lt to 
a solution of sodio-cainjihorimide in absolute 
alcohol. Large transparent crystals (from alco¬ 
hol), sol. ether (Ilallcr a. Arth, C. It. 105, 
281). 

CAMPHOR OIL. An oil obfained, together 
with camphor, by distilling tjjo wood ot Laurus 
camplwra with water. It coil..' ■'■j chiolly of 
‘ campiiorogcnol ’ but contains also sever..! 
terpenes (q. v.). 

Camphorogenol C,„H,„02 or CioHi.O^ or 
0,„H„0aq(?) S.O. S'! 9794. [a];---29 0°. An 
oil, V. e. sol. alcohol and other. UNO., acts upon 
it forming a small quantity of camphor. CrO., 
acts similarly. Kxce.ss of cone. UNO, gives 
camphoric aoid [185“], [a]) ^ 40-3°. Ac ,0 has no 
action. Sodium reduces it, in alcoholio’solution, 
to bomcol, [198°], (212°), [aJj = 22-9’. With 
ZnCl, it yields oymene (Yoshida, O. J. 47, TBa; 
Oishi, C. N. 60, 275; Wallach, A. 227, 290; 
Lallcmand, A. Gh. [8] 57, 404). 

CAMPHOR-PHORONE v. Pjiorone. 

CAMPHORONIC ACID C,,n,,0,. Mol, w. 
218. [137°] Formed by oxidising campJiolic 
or camphayic acids (Uredt, 13. 18, 2989). 

Preparation .—From camphor and UNO,. 
Present in the mother liquor from which cam- 
phoronioacid has separated. Obtained by means 
of the barium salt f^achler) find purified by de¬ 
composing this with HCl, extracting with ether, 
boiling oft the ether, dSsolving in water, 
neutralising with lime and boding. 'I'lio qiure 
calcium salt then separates (Bredt, A. 226,261; 
cf. Kachler, B. 7,1728; A. 1 59, 286; 162, 26»; 
Kachler a. Spitzer, M. 6,173). • 

Properties. —Crystallinoaggregatesof needles, 
T. e. sot. water, alcohol, and wet ether, si. sol. 
pure ether. Produces on distillation CO„ iso- 


0f« 

butyric aoid and the anhydride 0,H„0* 1136°] 
which forms trimetric crystals, aibto «-96:1: *89; 
sol. water, alcohol and ether. This anhydride 
forms with NH, the compound 
[o. 128°], V. sol. watef. 

Reaclio7is.—l. AcCf gives and then 

the anhydride*0,sHj^05,[l76°]; crystals, insol. 
cold, alcohol and ether; reconverted into cam- 
phoronic aoid by boiling alkjiHs.—2. Br^t 130° 
gives oxy-camphoroiiic acid.—3. PAasff-fusion 
Vjives isobufcyric acid.— 4, Aqtia^rcgia forms two 
acids —5. KMiiO, gives HOAc and an 

acid (Kaclikr, M. 5, 415).-6. ThejCa 

salt distilled with lime gives a ketone C.HigO* 

Salts. NFl.lLA'"; [128’]. —(NH^.^HA'": 
[118°].—Kjiro'"a(|. - BaHA'^aq: 

in.sol.water.— 13 a;;A"'..: in.sol.water.— 

-BajA'^slOari.- ZriUA'": v. e. sol. water.— 
C.IHA'"Caq. — rb A''.>4iifi. — Cu-.A'".‘2aq. — 
CullA"'2jLii.-OuaA'V- Ag,A'"*—Ag.,HA'"aq. 

Mono-cthijl cUier. -•'rheniihydridc{302°) 
(or anhydrides litiuid and solid [C7°j, Iljelt, 
74. 13, 707) C„IT,jKtOi of this other is formed 
! together with alcohol by distilling the dhethyl 
ctlicr. 

Di-ethyl rthc7' KtJIA''. h'roin the acid, 
alcohol, and TlCl. 

Tri-ethyl ether Kt^A'". (302°). From 

AgjA'" and I'AI. Liijuid. 

Chloride 0,H„()C1. [131°]. Needles, si. 
Bol. water, sol. alcohol and other. 

Moio-amic acid C^II,,(CONlL)(CO.^H) 2 . 

^inhydride Fromliquid 

7110710-cthyl camphoronatc and alcoholic NH, 
(Iljolt, B. 13, 708).^ By the same treatment the 
solid ethyl c.iniphoronale gives a compound 
(? di-ainio aoid) crystallising with 
HOKt. It mcUa at [115 ], and is converted by 
boiling IlCIAq into can)])lioronio acid, 

Di-ainic ac.d CuH,,;N.p, if?. 

■■ k'li. [c. lOO'’]. From di- 
I ethyl cauiplioronato^and NIT., at^l20° (H.). 
llClAq converts itinL*a oomnound OuU.sNp. 
[ 212 °]. 

Consfiiwfion.- Cuinphoronic acid appears to 
contaAi 3 carboxyls: G^U,,(CO;^H) 3 , as shown 
j by the salts and ethers. AcCl gives no acetyl 
j derivative. Tho formation of an anliydride by 
distilling tho ether does iiot prove it to be lac- 
tonic. Potash-fu.slon produces iso-butyrio aoid, 
hence it contains ioOiiropyl. 13incc it does not 
split oil CO.j on distillation, the carboxyls must 
j bo attu'^hed to dillcront (;arbon atoms. Hence 
: it is h *pr^yl-trf-carbeUyllc acid, • 

I CH..(CTl).,II).CPr(CO..fI).GH.,.C02Hor 
CH2(CO..II).Cir(CO.J 1).C1 IVitOM. 

Oxy - camphoroniv arid Gpllj^O*. *[o. 210®]. 
Formed by heating can.phorouic acid OjH, 40 * 
(1 mol.) with Br (1 n.oh) for two hours at 130® 
(Kachler, A. 15#, 200). Monoclinio crystals 
(containing a i). — I'-IOIB:! :'‘J808; « 8G°60^ 

According to /.opliarovich {J. 1877, 641) they 
^aro dimorphous. V. sol. water, alcohoi, and 
*4jther; may bo dislilicd.* 

Salts.—KHA" aq. crystals.—lijA": gummy, 
—BaA"aq: pearly plates.—rb 3 {C„H 90 g)^ 2 aq.— 
Ak,A". 

Hydro-oxy-campboronio acid v. Camphor. 

CAMPHOROXIM C,„U„NO i.e. C„H„:N.OH, 
[115°]. (o. 250°). Formed by the actio;^ of 
hydroxylamiue on camphor (Nigeli^B. 16,498). 

SX2 
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Long needles. Smells like Cftmplior and rotates 
on water. Sol. al^ol, ethtt, aoids and alkalis. 

Beactions. —1. Hydroxylamine is not split ofl 
by heating with aqueous HOI even at 120“.—2. 
By heating with acetyl chloride it loses HjO 
yielding the nitrile offoampholenio acid 0,„II|,N 
(Goldschmidt a. Zurrer, B. 17, 20(59).—fl. Is re¬ 
duced in alcoiiolio solution by mct.allic godium 
.CH 2 

to Kjrnytamino I . The oxim- 

\CH.NII.,. 

anhydride is reduced to tlio isomeric camphyl- 
ainine (Leuchart a. Baoli, B. 20, 111). 

■ Hydrochloride C|„n|„NOTI,HCl; white 
powder, si. sol. water, v. sol. alc’'iiol and acids. 

Sodium salt.—(?|„II,sN(0^a): white pow¬ 
der, V. sol.st’otVatcr and hot alcohol. 

Ethyl ether 0,„H„N(0]St): (200“); mobile 
liquid. 

Anhydride CuIIijN: (217°), litnid; formed 
by heating eamphoioxim with acetyl cldoride. 
Is the nitrile of CiMPiioOENio acid (j. v.) (Niigeli, 

B. 16,2981). 

Isocamphor-oxim is the atniile of CAuriio- 
lENIO ACID (q. 1'.). 

CAMPHO-TERPENE v. Tebpenes. 

CAMPHKENE v. I’rionoNE. 

CAMPHRESIC ACID or CAMPHRETIC ACID 
so called by Hchwanert (A. 128, 77) has been 
shown by Koehler (A. 191,149) to bo a mixture 
of camphoric and cainphoronio acids. 

CAMPHYLAMINE C,„H,aN possibly 

C, H,j(CU 2 NH..):CH 2 (195“). Prepared by adding 
metaliio sodium to an alcoholic solution of 
campholenic nitrile (camplior-oxim-anhydride). 
Colourless liquid. Volatile with steam, llciadily 
absorbs CO- from the air and soUdiOes to a 
crystalline carbonate. Primary base. 

Salts.—B'.II f'l-l’tCl,: glistening golden 
plates, nearly insol. water.—B'ilClHgCla; 
colourless orthorhombic nlatq? ; sol. hot water.— 
B'0.,HjO, iaq; [194'], ^Surless orthorhombic 
glisteninff crystals, r. sc'., hot water.— 
B jHjSOjaq: long rhombic prisms, m sol. cold 
water.—Byi^CrjO,: orange-red plates.—The 
pier ate forms line yellow needles, [1<JI(“-194'“J. 

Bemoyl derivative C|„II|sNBz: [77“J, 
colourless prisms (Goldschmidt a. Schuihof, B. 
18, 3297; 19,708; 20,483). 

Isomeride v. BonNvi,AHiNB. 

CAMPHYl-PHENYL-THIO-DREA 
6C(NHC.HJ(NHC,„U„). [118°]. Formed by 
combination of phenyl-thiocarbimido and cam- 
pli^^lamine. Short oolonr’'’ss pijisir-j. V. sol. 
alcohol and benzene, si. sol. etheC v. sol. ligroi'n 
(Goldschmidt a. Schuihof, B. 19, 712). 

CAMPHYL - DI - THIO - CARBAMIC ACID 
C,„H„.NH.CS.SH. The caiuphylamine 
salt, C„H„.NH.CS.f!nI',(C,„H„), is formed by 
mixing camphylamine ndtli CS,. White 
powder,[110“-llC‘'],soI.bpnzene. The sodium 
salt 0„H,,.NII.CS.SNa forms white glistening 
plates, sol. cold, deeomposed by hot, water 
(Goldschmidt, B. 19, *12). 

CAR ADA BALSAM, Exudes from incisions 
in the bark of Abies balsamea. Transparent 
thick liquid with refractive index (1'632) nearly 
the same as that of crown glass. Dextro¬ 
rotatory. Steam-distillation separates a Isvo- 
rotatory terpene (167“), which forms a crystal- 
* l&e compound with HCl (Donastre, J. Ph. 


8, SHa i Oaillot, /. Ph. 16,486; Wirzen, 
taium, Helsin^ors, 1849). 4 

OARADOL. A term applied Ay VoU (D. P. /. 
172, 819) to that |)ortion of the volatile hydro¬ 
carbons of Cant^ian and Pennsylvanian petro¬ 
leum which boils at 60° and has a B.Q. ’6S to 
■70. It is also called petroleum-ether or ligroin. 
It consists chieOy of n-hexane. 

CANAKOA OIL. Alan-gilan. From Can- 
angaodorata. Ne(ittAloil(170“-290“). It con¬ 
tains benzoyl and acetyl derivatives, a compound 
that unites with NaHSO,, and probably a phenol 
(Fliickiger, Ph. [3] 11, 934). 

CARARIDlu. The Axed oil of Canarium 
commune contains 61 p.o. olein and 49 p.c. 
stearin and myristin (Oudemans, J’.pr. 99, 407). 

CANAtlBA WAXv. CabnaubX* w\.x. 

CANE SDOAH v. Suoab. > 

CANNABIS INDICA. Indian hemp when 
distilled with steam yields an essential oil 
(257“); V.D. 7-1; S.G. g -93; [a]p = 
-10-81 at 25-6“ (in chloroform). The oil resini. 
fies on exposure (Valenta, G. 10, 479 ; 11, 196; 
V- Martius, C. G. 1856, 226 ; Personne, /. Ph. [3] 
31, 46). HNOj (S.G. 1-32 to 1-42) acting on the 
resinous extract of Indiin hemp forms ‘oxy- 
cannabene ’ C .„II.„N.20, (Bolas a. Francis, C. P, 
22, 417; G. N. 24, 77). This separates from 
methylated spirit in flat yellow prisms [176“], 
insol. water, si. sol. alcohol. Indian hemp, and its 
alcoholic extract, contain a poisonous resin (T. 
a. H. Smith, Ph. 6, 127, 171; Martius). "Hay 
(Ph. [.3] 13, 998) has extracted a crystalline 
alkaloid ‘ tetano-cannabine ’ which produces 
tetanus in frogs. The fixed oil from hemp-seed 
(Gannabis saliva) iif probably a fatty oil, though 
Lefort (0. B. 35, 734) gives it the formula 
and describes C„Hj„CljO, and 
C„H, 2 „Br .202 aj products of substitution. 

CANNON-METAL v. Copi'EB, allots ot. 

CANTHAREiE O.H.j f.e. C.H2(OIIs), [1:2]. 
(134°). oAZylene-di-hydride. 

Formation. —1. By heating canthario acid 
witft’fused KOH.—2. By heating cantharic acid 
or cantharidin with water at 300°, COj being 
split off.—3. In a pure state by boiling with 
cone, aqueous KOH, the product OigHijO,!,, 
obtained together with canthario acid by the 
action of HI upon oanthartdine (Piccard, B. 12, 
677; 19,1104). 

Properties.—hiquii, smelling like turpentine 
and camphor. Absorbs oxygen with avidity. 
Dilute HN6‘, oxidises it to o-toiuio and phthallo 

“■“cantharic ACID OioHuO, ».«. 
(C,H„0)C0.00.2H. [278° eor.]. S. 86 at 16°; 
8-6 at r!)0“. Prepared by heating 1 pt. of can- 
tharidine with 4 pts. of III (1*96 S.G.) for 2.) 
hours et 100°. Trimetrio cry8tals\from water); 
V. e. sol. alcohol, v. si. sol. ether. Distilled with 
lime it gives oantharene, a little xylene, butyric 
acid, and di-mf,thyl-benzoio acid. It is an 
a-ketonio acid, for on heating with di-methyl- 
aniline and ZnCl. it evolves CO, and yields a 
ootjdensation product CmH„ON,; the latter is 
converted intC a green colouring-matter b^ 
iJiInO,, into a violet colouring-matter by chloraml 
“or arsenic acid.—A'Ag: white pp.—KA': slender 
needles.—PbA'.aiaq. 

Methyl ether k’We: (210“-920®) at 60 
mm.; colourless li((uid. 
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Hthgt (e. 800°). 

Oxim 0,/(,.0.(N0H) : C176°-180°]; 

toloarless fonr-sided plates •(Piooard, B. 10, 
1604; 11,2121; Homolka, B.»19, 1086). 

OAKIHABIOIO ACID 0,.H„O. i.e. 
(OJBuOJ.CO.CO^. The aUialine salts are 
formed byheating oantharidiu with aqueous 
alkalis. When a cold so^tspn of the salts is 
treated with acids, the free oantharidic acid 
appears to be formed, but on warming the 
solution it loses H^O and cantharidin is pre¬ 
cipitated. With hydroiylainiwe it gives an 
oxim, from the salts of which acids liberate 
the oxim of oantharidine.—AgjA" aq. —Ag, A" 2nq. 
(NH,)^"aq. -KjA"aq.—CdA"aq.—KjCuA'i'^aq. 

Di-methj^l ether [91°]; large Hat 

glistening prisms; sol. alcohol, ether, and hot 
water, si. sol. cold water (Ilomolka, B. 19, 1082 ; 
DragendorS a. Masing, Z. 18G7, 464; Masing, 
/. 1872.841). 

CAHTHABIDIH 0,„H,20,. Lactone of can- 
tharidic acid. [218° gor.]. S.'02 at 15°; -HO' 
at 100°; S. (alcohol) 2-1 at 78°; -13 at 16°; S. 
(benzene) 8'88 at 80°. '51 at 16° (Itennard); 
8. (ether) -11 at 18°; 8. (CSJ -06 at 18°; 8. 
(OHCl,) 1-2 at 18° (Bluhm). 

Occurrence .— In Spanish flics {Lijtta vesi- 
catoria) and many other insects (Thierry, A. 16, 
816; L. Ph. 21,44; Robiquet, A. Ch. 70, 302; 
Gossmann, A. 86, 317 ; I’ocklington, Ph. [3] 3, 
681; Eegnault, A. Ch. [2] 08, 159; Warner, 
Am. J. Ph. 28, 193 ; Ferrer, J. 1860, 597 ; 
Mortrenz, J. Ph. [3] 46, 33 ; Fuinouze, J. Ph. 
[4] 6, 161; Bluhm, Z. [2] I, 675; DrngenilorIT, 
Z. [2] 8, 187, 404 ; 4, 308; Konnard, G. G. 
1872, 668; Wolff, Ar. Ph. [3] 10, 22; Piecard, 
B. 10,1604). > 

Preparation. —1. Powdered cantharides are 
extracted with chloroform or etITBr, tlio solvent 
is evaporated and the residue freou- Iroin fat 
by washing with CS,.—2. Cantharides are 
mixed with water and MgO, dried, trcatiai with 
dilute H^SO, and then shaken with ether. 

Properties. —Trimetric plates. Blisters the 
skin. Bublimes readily at 85° (Blyth). 

Reactions. —1. HI forms cantharic acid.— 
2. By distillation with Pj8, it gives o-xylene 
(Picoard, B. 12, 680).—3. By heating with 
alkalis it is converted into salts of cautharidio 
acid from whose hot solutions cantha¬ 

ridin is re-precipitated on the additiOh of acids. 

Oxim C,„H,jO,(NOH): [160°]; splendid 
long glistening prisms; v. e. sol. alcohol and 
ether, v. sol. hot water, si. sol. cold. By cone. 
IICl at 160° it is split up into its eousti^ft- 
ents. — C,oH,.,0,(NOAg): four-sided pri.sms.— 
C„H,sO,(NOkffi): [134°]; large colourless ju-isnis; 

T. e. sol. alcohol and ether, v. sol. hot, si. sol. 
oold, water (Homolka, B. 19,1082). 

Compound ‘ CanVharidin iodide ’ 

is formed as a by-product (6-8 p.c.) in the 
preparation of cantharic aoid*by the action of 
HI (1'96 8.0.) upon cantharidin at 86°. Crjsi- 
talline solid. V.soi. benzene and chloroform, si. 
sol. alcohol, insol. water. On hailing with cone, i 
KOH it is converted into pure canthar«ne 
(o-xylene-^-hydride) 0,H,(0H,)2 (Piccard; B. 19, 
1404). 

CAODXCHOirO. India rubber. This sub- 
stsnes is obtained from the milky sap of 


varioas trees belonging to several natural orders. 
The sap, which is obtained by making an in¬ 
cision in the bark of the tree, is a white creamy 
liquid with a sp. gr. 1'0I2.. ’ 

The caoutchouc exists / n the sap in the form 
of minufe globules.'^nd is consolidated in various 
ways, (,’ien by heating over a smoky fire which 
produces the brown colour of the commyrcial 
article. • 

•Caoutchouc is colourless when pure, it is 
a bad conductor of hciit and a non-conductor of 
electricity. 8.0. about'925. At ordinary tem-., 
peratures it i^ soft, flexible, and very elastic, 
but at about 10’ it begins to lo.so its elasticity, 
and at 0° becomCthard and rigid. When heated 
it loses its elaalioity and becomes soft, slowly 
resuming its original properties when cooled ; if 
heated to 150”-200° it melts, and after this it 
remains scmff-liquid and sticky on coaling. It 
burns readily with a smoky flame, leaving little 
or no ash. 

Hxposuro to air in the absence of light pro¬ 
duces little effect on caoutchouc, but light and 
air together cause it to lo.se its elasticity and 
become glutinous, duo to the absorption of 
oxygen (Spiller, G. J. 18, 44; Miller, ibid. p. 
273). 

Caoutchouc is insoluble in water, but when 
immersed in it becomes white and increases in 
bulk, absorbing about 25 p.c. of its weight of 
water, which is given up again on exposure to 
air, Alcohol acts upsti it in a similar way. 

Dilute acids do not affect it, but it is attacked 
by strong nitric or julpbiiric acid. Chlorine 
renders it haru and brittle. Alkalis' produce 
little effect. 

Ether, benzene, mineral oil, sulphide of 
carbon, chloroform, oil of turpentine, oil of 
caoutchouc, and many essential and fi .od oils, 
act upon caf.'Uch >Uv. ransing it to swell greatly 
and become gelatinous (Aid soft. Thegiction of 
these soivents appears ^o bo to dissolve on^ 
constituent part of the caoutchouc, leaving the 
less soluble jiart in a disintegrated condition. 

Acci'lfling to Payon, sulphide of carbon with 
about 6 p.c, of absolute alcohol is the best 
solvent. 

Caoutchouc is composed of carbon and hy¬ 
drogen. The proportions vary in different 
analyses C. 861-90-6 p.c.; II. 10 —12'8 p.c. It 
appears to consist chiefly of two hydrocarbons, 
which can ^e partly separated by the prolonged 
action of a solVbnt, htit the proportion of thwse 
constituents obtained varies according to the 
solvent employed. The more aolnbfo part is 
soft and ductile, while the less sulubie is tena¬ 
cious and elastic. • 

When caoui.diouo ft subjected to dry dis¬ 
tillation an oil ccsisisting of a mixture of 
varioas hydrocarbons is obtained. This is 
culled oil of caontchonc. 

. Among the constituenhi of tliis oil arc iso- 
p*ine 0,11, (37°-38°) 8.*. •082; caoutcheno 
0,„U,„ (171°) S.G. ■842', and heveono (316°) 
8.(1. '921 (Himly, A. Ch. 27, 41; Gregory, ibid, 
16, 61; O. Williams, Pr. 10, 517; Bouchardati 
J. Ph. 1837, 454 ; Bl. 24,108; C. B. 89, 361). 

When isopreno is acted on by strong hytlrio 
chloride a mixture of the mono- and di- hydr^ 
chlorides, together with a solid sul^tanee, u 
obtained. This latter is identical in its proper- 
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ties with oaoutohoQO (Bonchardat, 0. B. 89, 
11X7). 

vnloanued oaoatohoao.—When caoutchouc 
Is heated to about 115° in contact with sulphur, 
it absorbs some o( the patter and becomes vul¬ 
canised. The introduction oli>the sulphdr can 
be attained in many ways, immersion (in a 
miituip ot carbon,disulphide and chloriue oi 
sulphur, of in a solution ot polysulphide ot 
calcium, &c. 

About 2 ]a.o. ot sulphur appears to enter 
itvto combination with the caoutchouc. It more 
than this quantity is introduce^ the excess 
remains mixed with the rubber and can be 
dissolved out by ^e ordtnary solvq.ils of sulphur, 
while the cbmbuled sulphur cannot be so ex¬ 
tracted. An excess of sulphur renders the 
caoutchouc leas durable. Vulcanised caoutchouc 
does not lose its elasticity at a low ftlmpcrature 
and does not soften so easily with heat as ordi¬ 
nary rubber. It is less affected by solvents than 
pure caoutchouc. 

The ordinary vulcanised rubber, besides con¬ 
taining an excess of sulphur, is often adulterated 
with lO-CO p.c. of mineral matter. 

Ebonite.—When eaontchouo is heated with 
half its weight of sulphur, with or without the 
addition ot some mineral matter, a hard dark sub¬ 
stance which can bo iiolishcd is obtained. Tliis 
is much used for insulating purposes, but accord¬ 
ing to Wright {Am. S. [3] 4, 29) it becomes 
hygroscopic when exposed to the action of opono 
owing to the formation of II-SO ,. Ebonitcis little 
affected by the solvents of caoutchouc. 

" 0. J. W. 

CAPILIASIIY ti. Physioxi. methods. Sect. 

IIISOF.DLAMEOUS. 

CAPBAMIBE the Amide of Deooic acid (q.v.). 
The name has also been applied to the amides 
ot Ocxoio ACID (<t.v.) and ilmuMc act.) (ij. v.). 

CAPRi^MIBOXIU V. IIkxamiduxim. 

, CAPRIC ACID V. EeC-jic acId. 

CAPRIC AIiBEHYSE v. Drcoic aldehyde. 

CAPRILAHISE v. Amide of Ocioio acid. 

CAPRIUC ACIB V. OcToio acid. ( 

CAPBILOHE 11. Di -JIKPTYL-KETONR. 

CAFBILONITRILE v. Nilrilc of Hcxoio acid. 

CAFRINONE v. Di-unntl-ketose. 

CAPBO-AHIBE o. Amide of Huxoio acid. 

CAFBO-ANILIBE i". Anilide of Uexoio aoid. 

CAPROIC ACIB V. llsxoic acid. 

CAFROIC ALBEHYBE v. Huxoio aldehyde. 

CAPRO-IACTONE v. Lefdone «f OkY-UEXoio 

ACID. 

CAPRONE II. Di-amyl-eetone. 

CAFRONITBILE v. Nitrile of Hexoio acid. 

CAPROYL^Hexowl. 

CAFEOYL AMIBE v.»Aniide ot IIexihc acid. 

CAPBOYL CHLORIBE v. (Jhloride of lliixoio 

ACID. 

CAPRYE ALCOHOL v. Octyl alcohol. 

CAPRYL-AMIBE il Amide of Ooioio acid. 

CAPEYLAMINE ii“Octylami»e. 

CAFRYl. CHLORIBE v. Chloride ot Decoio 
acid ; also Octyl ciiloiude. 

CAPRYL-BENZENE v. Ooiyl-benzeeb. 

CAFRYLENE v. Octylene. 

CAFRYLENE HYBRAIE v. Octyl alcohoi,. 

X CAPEYLIC ACIB o. OoToic acid. 

CAPBYLIC ALCOHOL v. Octyl alcohol. 

CAPRYUC ALBEHYBE v, Ocioic aldehyde. 


OAPRYLIDEHK v. Octihenb.* 

Caprylidena tatrabremide v. ^Em-BBOMO- 

OOTASB. , 

CAPBYLONE «pDi-heptyl-ketonb. 

OAPRYLONITRILE p. Nitrile of OoTOio ACID. 

OAPBYL-PHENYL-AMINE v. pkmoo- 
THENYL OCTANE, p. 178. 

CAPSAICIN 0,H,A. [69°]. 

Preparation. — JiWdcrod cayenne pepper 
{Capsicum fastigiaium) is extracted with ether, 
the extract is evaporated, dissolved in hot alco¬ 
holic EOH, diluted with water, ppd. by BaCl„ 
and the dried *pp. treated with ether. On 
evaporating the extract, an oily red liquid re¬ 
mains, which is dissolved in dilute potash, and 
ppd. by addition of ammonium chlbViOo. 

Properties. —Colourless prismatio crystals, 
insol. water, sol. alcohol. Begins to volatilise 
at 100°. Powerful irritant. The pungent taste 
is removed by heating with potassium bichro¬ 
mate and dilnto sulphuric aeid. Bad, and 
QaCljin alcoholic solution give a pp. sol. ether; 
AgNO, a pp. sol. ammonir; FejCl, a red pp. 
when warmed (Thresh, Ph. [3] 7, 21, 269, 473). 

CAFSICINE. An alkaloid which may be 
extracted by benzene from the fruit of Capsicum 
fasUgiatum. The benzene is evaporated, and 
the residue dissolved in ether, from which the 
alkaloid is obtained by shaking with dilate 
ILSO, (Thresh, P!i. [3] 0,911). Needles; insol. 
water, v. sol. alcohol and ether; may bo sub¬ 
limed. Volatile with steam. It is not pun¬ 
gent. The hydrochloride crystallises in 
cubes and tetrahedra, the sulphate in prisms. 

CAPSCLAISCIC ACIB C„H,.,0,. An acid 
obtained from the husks ot the horse-chestnut 
(Itochlcdor, Z. 18(17, 83). Crystals; may bo 
sublimed. FeJCl, turns its solution greenish- 
blue. 

CARAO^^EN MOSS. Irish pearl moss. A 
gelatinous ^awced {Ghondr'ts crispiis)v Swells 
up iijcfld water, almost entirely dissolves in hot 
water. l’i>d. by I'b(OAo).j. Appears to bo 
chiefly composed of a carbohydrate, which is 
insol. Schweizer’s solution, and not turned blue 
by H.,SO, and I (Schmidt, A. 51, 5C; Pliiokiger 
a. Obermaycr, N. It. P. 18(18, 350). Caraghecn 
moss gives galactose when boiled with dilute 
H..SO, (Haedieko, Bauer, a. Tollens, A. 238, 
302). 

CARAJUBA. A red dye, probably identical 
with chica red. Insol. water, sol. alcohol and 
dilute alkalis, reppd. by acids (Virey, J, Ph. 
1814,151). 

^CARAMEL. A black substance obtained by 
hca/.ing cane-sugar at c. 200°. It is said to be 
a mixture of caramelan oaromelon 

and caramelin They all 

reduce I'chling’s solution. Dilute (84 p.c.) alco¬ 
hol extracts earainelan, cold water tlien dissolves 
caramelen, leaviivg caramelin. Caramelan is 
a colourless, brittle, deliquescent resin.— 
C,.p 3 aH,„O,BaO.-t:!,.,PbH,.O,.- 0 ,,PbH, 50 ,PbO. 
Civramelen is a mahogany-coloured solid.— 
C^H^BaO.,,.—f)„H,gPbOa. Caramelin is a 
•glittering black solid, sol. boiling water.— 
C„.ir,„BaO„.-C,„H,„BaO„BaO.-0„H,JPbO.. 
((idlis. A, Ch. [3J 62, 362). Caramelan and 
caramelen are crystalloids, oaramelin is a 
colloid. The formula) and purity of these 
bodies are, ot course, very doubtful; other 
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ebierrera have anived at somewhat diSerent 
resalts, indeed the nature oi the resulting pro¬ 
ducts depends mpon the tenjperature used in 
preparing them (Filigot, A.‘ Gh. [2] 67, 172; 
VOlokel, A. 85, 59; Maumeni, G. It. 39, 422; 
Qraham, C. J. 15, 258 ; Thomson a. Sherlock, 
0. N. 25, 242, 282). 

CAKAA^AY OIL. Oil of caraway contains 
a terpene (j. v.) id^t^al with oitrenc, and 
oarvol {?. u.) C,„II„0. * 

CA^-AC£TO-AC£IIC £TH££ is mcsitene- 
lactone carboxylic acid, p. 20. 

OAEBACETOXYLIC ACID C#I,0,. A syrupy 
acid, said to be formed by the action of moist 
Ag,0 on /3-ohloro-propionio acid and on aa-di- 
ohloro-propioAic ether. Itcduced by sodium- 
amalgam to^lycerio acid, and by III to pyru¬ 
vic acid (Wachelhaus, A. 143, 7; M l, ilol; 
Klimenko, B. 3, 468; 5, 477; 7, 1106; cf. 
Beckurts a. Otto, B. 10, 2039). • 

TEI-CAKBALLYLIC ACID CJ1,0„ i.e. 


C 02 H.CH(CIl^.C 0 .,n)j. s-l'royanc tri-ciii bo.i:iilic 
add. Mol. w. 176. J,158°]. S. 40-5 at 1M. 

Utrmaiion.—1. In the preparation of sugar 
from boot-root (Lippmann, iJ. 11, 707; 12,1619; 
Weyer, C. J. 38, 864).—2. By thu sapoiiilication 
of its nitrile which is prepared by the action of 
KCy on s-lri-bromo-propane in alcohol (M. 
Simpson, Br. 12, 236; 14, 77 ; G. J. 18, 331).- - 
3. By reducing aconitic acid or its ether with 
Bodrum-araalgam (Dossaignes, G. B. 65, .610; 
Wichelliaus, A. 132, 61; Hlasiwctz, Z. 1861, 
734).—4. By the action of potash on tiro product 
of the action of KCy on 0-cliloro-isocrotuuic 
ether (obtained from acelo-acetic ether and 
FClj) (Claus a. Lischlie, It. 14, 1089).—.6. In 
the same way from a-chloro-crotonic ether or 
from di - ohloro - propylene (.p',iichlorhydrin) 
(Claus, B. 6, 368; 9, 223; A.’170, 131; 191, 
63),—6. Appears to bo forri^.1 by the action 
of HC and KClOj on gallic acid ('’■jhredor, -1. 
177, 292).—7. Acctyl-sucoinic ether is con¬ 
verted by Na into acotyl-tri-carballyho rthor 
CH,CO.C(CII..COjKt)-.CO.jEt wheirco alcoholic 
KOH or baryta-water produce tri-carballylic acid 
(Miehle, A. 190, 322).—8. By the oxiilation of 
di-allyl-acetic acid by dilute HNO,, (Wolff, _zl. 
201, &). —9. By boiling citraconic acid with zinc 
and HOI (Behrmann a. Hofmann, B. 17, 
2692).—10. From propane totra-carboxylio .acid 
(C0sH.CnjjC(CO2U)2 by heat (Bischoff, A. 214, 
60). 

Properties. —Hard short trimetric prisms 
(from water); v. sol. water and alcobtd, si. sol. 
ether. The ammonium salt gives witii linCL 
or CaClj no pp., oven on adding Nil.,. , ’b(OAc)- 
gives a white pp. Fe..Cl„ gives a red pp. • 

Salts.*— Na,liA'" 2aq(?) — KJI..A"'. — 
Co,A"'s 4aq.-BaHA'".-Ba.A'", Caq -Pb,A'",— 
OUjA-'V-AgA'". 

Tri-ethyl ether Et,A'"J[c. 300 '). 

Tri-isoamyl ether(C,jLl„)ih"'(a\m\-c^66’'). 

CABBAMIC ACID CH.,NO. i.e. hll.COJI. 
Amido-formio acid. Amide of carbonic acul. 
Not known in the free state. Tke a m m o n fu m 
salt is formed by the union of dry or moist 
CO, (1 vol.jwith gaseous NH, r2 vols.) (.1. Davf, 
N. Ed. P. J. 16, 346; Bose, P. 46, 352; S. 30, 
47). Formed also by sublimation of neutral 
ammonium carbonate, and therefore occurs in 
commercial ammonium carbonate. Fonnod also 


or» 

by oxidising glyoocoll, leucine, tyrosine, and 
albumen, with alkaline KMnO, (Dreohsel, J pr. 
[2] 12, 417; cf. Hofmeister, J. pr. [2] 14, 173). 
It may be conveniently prepared by digesting 
commercial ammonium cf rbonato with saturated 
aqueous Nil, for 30 or; 40 hours at 20®-25’ 
(Divers, 0. J. 23, 215; cf. Kolbe a. Basaroff, 
G. J. ;i, 194). 

Jteaclioiis.—l. Acids decempose oarb%patea 
with formation of CO. and Nil,.—8. Boiling 
ufttcr converts carbamates into carbonates.— 
3. Strongly healing oonverts the No salt into 
sodium cyanate and H,0 (Dreuhsel, J.pr. [2] 16, 
199). 

Salts.—The carbamotes are soluble in water 
(difference fro..r most carbomiles).—NH,A’ (v, 
supra). Belirprescent plates, ' Its aqueous solu¬ 
tion quickly changes to carbonate, but it is stable 
in presencepf excess of Nil, in thecold. AtOO® 
it is conrplmely split up into CO, and NH, (Nau- 
maun, A. 160, 1; B. 18, 1157; Horstmann, A. 
187, 48; Erckmann, B. 18,1154). In a sealed 
tube at 140“ it forms urea.—NaA'iaq : formed 
by adding NaOKt to an alcoholic solution of the 
ammonium salt; prisms.—KA': deliquescent. 
—CaA', aij: qipd. by adding lime and alcohol to 
a solution of NII,A' at 0“; crystalline powder, 
sol. water, the solution quickly deposits CaCO,. 
When strongly heated it leaves calcium cyan- 
amide. — SrA’,.—Ba Al,. 

Ghloride OC(NiL)CI. [c. 50“]. (62“). Pre- 
]>ared by passing a slteaur of dry COCl, into 
NH^Cl heated to about 400“. Long broad 
needles. Strong odour. On keeping it slowly 
changes into cyamoiidc with evolution of HCl. 
By water it is aecomposed into NH|C1 and CO,. 
On vaporisation it probably dissociates into 
cyanic acid and HCl, which again recombine 
on cooling. By CaO it is converted into oyanio 
acid. With aromatic hydrocarbons in preaenci 
of AljCl, i. giroli amiilcs of aromatic acids 
(Gattermann a. Schmifit, B. 20, 858)« 

Carbamic ethers. Srethanea. , 

Vreparation.—1. From oliloro-formio ethers 
and Nil,.—2. From oyanio acid and alcohols.— 
3. Frofh cyanogen chloride and alcohols.—4. By 
heating .alcohols with urea nitrate. 

Frogieriics. —Solid substances, si. sol. water, 
V. sol. alcohol and ether; may be distilled. 

Beactions. —1. Heating with Nil, gives urea. 
2. P,0, gives cyanatos. - 3. Alcoholic KOH acts 
upon c.arl)amic, ethers of the fatty series accord¬ 
ing the equation: NiI,.CO,0„H.„„-eKOH 
= KN.CO + <i,f’i..,on-l 11,0 (Arth, Bl. [2t 46, 
702 ; A. Ch. (6] 8, 428). Bornyl i)fid menthyl 
carbamates not similarlv. 

Methyl ether Me/''. [52“]. (177“). S. 
217 at 110’; S. (alcohol) 73 at 15° (Echevarria, 
A. 79,110). 

Blhyl ethereTAM. Urethane. Mol. w. 89. 
[c. 50“1. (o. 182"). Formed by the above 

methods (Dumas, A. Ck. [2] 54, 233; A. 10, 
#281; Liebig a. W6hler-A. 61, 870; 58, 260; 
nVurtz, A. 79, 280 ; C.Tf. 22 , 603; Bunte, Z. 
[2] 6, 90; A. 161, 18i). Also fi*m carbonio 
ether and NH, (Cahours, C. B. 21, 629; A, 66, 
206). 

ilcaeftons.—Alcoholic potash, attheordinary 
temperature, gives large crystals of potassium 
cyanate. In this case NH 2 .CO.,K is not forgted 
as an intermediate product. A solution of 
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tareUiane ia abaoluie etlisr, treated with E 
or Na gim the derivatives EMH-OOgEt, and 
NoNH.COjBt. Of these, the Na derivative is 
sullioicnlly stable for analysis. It is v. sol. abso¬ 
lute alcohol, insoL a^olute ether. With alco¬ 
holic potash oontaini^' water K^Oi is obtained. 
The body HgK.CO.OEt is cAtained by mixing 
sicoholio solutions of urethane, HgClj, and- EHO 
(Mulder, B. T. O.p, 170). 

Aoetjfl derivative NHAo.OO.Et. [78°J 
(Conrad a. Salomon, J.pr. L'SJ 10, 28). 

Ghloro -ethyl ether HjN.CO..CiH,Cl. 
(76°). From Nil, and tlio chloro-cthyl etlier 
ofchloroformio acid. Prisms. V. tol. water,alco¬ 
hol and ether (Nemirowsky, /. pr. [2J 31, 174). 

n-Propyl ither Ptk'. [SSO]. (195°) (Ca- 
hours, X 1873^ ■ 718; Koemer, B. 0, 1102). 
Long prisms. 

Isobutyl ether C,H,A'. [55°]. (207°) 
(Mylius, B. 6, 973; Ilumann, A.Ch, [3] 44, 
840: A. 95, 372). 

isoamyl ether C,ir,|A'. [00°]. (220°) 
(Medlock, A. 71,100; Wm tz, J. Ph. [3] 20, 22). 
Needles. 

Octyl ether [5,5°]. (135°) at 25 

mm.; (231°) at 700 mm. On distillation it is 
partially converted into cyanurio acid (Artii, 
0. B. 102, 977). 

Bornyl carbamate v.p. 52.3. 

Menthyl carbamate v. Menthol. 

CARBAMIDE v. Ubea. 

CARBAHIDO- v. Uramido-. 

CARBAMINES. Carhylaiiiines. Iso-nitSiles. 
Compounds of the formula lt.N:G. 

I'ormation. —1. By disyiling primary mon- 
amines with chloroform and alcoholic potash : 

RNI^+CHClj + 3KOH = 3KC1+RNC + 3U..0 
(Hofmann, A. 144, 114; 140, 107). —2. By 
treating an alkyl iodide (1 mol.) with silver cyan¬ 
ide (2 mols.) a double salt RNCAgCy is formed; 
on distilling this compodnd^ith cone, aiiucous 
KCy ther* is formed EftyA^Cy and the carb- 
Bfoine passes over (Gadtier,' A. 146, 119; 149, 
29,155; 151,239). HgCy^ and ZnCy-may also 
be used in preparing oarbamincs (Calmels, Bl, 
[2] 48, 82).—8. In small quantity in prlparing 
nitriles by distilling potassium alkyl sulpbates 
with potassium cyanide.—4. By distilling tlie 
compounds of thio-carbimides with tri-cthyl- 
phosphine (Hofmann, B. 3, 766; Z. 7, 29). 

Properties.—Volatile stinking poisonous oils. 

BeacHons. — i. Alkalis have no action.—2. 
Mineral acids instantly ^onvert t);em into 
alk^amines and formic acid: SlNC+ 2 H 20 = 
ENH,-r Water at 180° acts similarly. 

8. Dry HCl forma a compound, quickly decom¬ 
posed by water as in 2.-4. Organic acids form 
alkyl -formamides.—6.*EtI forma a compound 
(difference from nitrile^).—6. HgO oxidises 
them to alkyl cyanates R.NtCO, alkyl- form- 
amides being also formed (Gautier, A. 149, 
811 ). 

CARBAHINE-CYAVIDE or CARBAMINE-* 

OTANAUIDE so called js described as AmiooI* 
Pt-OXINIO AGIO. Its derivatives are described as 
ElBTL-OABnUlIDO-UIlEA, CABBmiSO-EinVL-CBEA, 

&c. 

CARBANIL u. Phknw, otanate. 

OASBANILIO AOIO v. Phentl-cabbauio 
MK. 

CARBANILIDE v . (-Di-fhenxl-ubea. 


OABBANIUSS- v. Paxmzi-OBAinDA.. 
CAEBAZOLE 0,jH,N i-et 

Mol. w. 167. [23‘S°]. (352° cor.). V.b. 5-88 

(calc. 585). S. (dtoohol at 14°; 8'88 at 78°. 

5. (toluene) -55 at 16-5; 6-46 at 100° (Beohi, B, 
12,1978). 

Occurrence. —Among the product* of the dis¬ 
tillation of eoal tsL ; whence it occurs in crude 
anthracene (Gracbe a. Qiasor, B. 5,12, 376; A, 
103,313; 107,126; 174,180 ; 202,21; Zeidler, 
A. 191, 297). 

Fomiation.^-1. Bypassing vapour of aniline 
or diphonylamino through a rod-hot tube.— 
2. From imido-di-phenyl sulphide (thio-di- 

phonyl-amine) by boiling with 

freshly reduced copper for 2 or 3 hours; the 
yield is about CO p.c. (Goske, B. 20, 233). 

Propertiej. —White laminie or tables. Easily 
sublimes. A solution in cone. H^SO, ia turned 
green by HNO,. May be distilled over red-hot 
tino-dust without change., Although an imide, 
it forms a compound with picric acid and its 
acetyi derivative is obtaiiyod witli difficulty. 

hcactiuns. — 1. It is not affected by cone. 
HClAq or alcoholic KOH even at 300°. Cold 
cone. 11.^80, dissolves it without change, but at 
100° a di-sulplionie acid results. — 2. HNO, 
forms nitro- compounds.—3. Sodium-amalgam 
dues not reduce it in alcoiiulic soiution, but HI 
and P at 210° reduce it to carbazoline C,jHnN.— 
4. By exhaustive cbiorination with SbCl, it 
yields por - chloro - dii>!ienyl or por - chloro¬ 
benzene according toi circumstances as yet un¬ 
determined (Merz a. Weith, B. 16, 2875).— 

6. By heating with oxalic acid the compound 

C„H,,N,0 or ^IO.C(C.II,< ™ », is obtained. 

It fonns minute #/ystals which very readily yield 
blue Bolufjpffifi (carbazolo blue) on 
(Suida, B. 12, 1403; Bamberger a. Muller, J3, 
20 , 

Potasaiuui derivative CijH^NK, From 
carbaJ^olc and KOII at 230°. Pio°rio acid 
compound C,,U,N CJI,(NO,).,OH. [182°]. 
From carbazole (1 pt.) and picric acid (l| pts.) 
in toluene. Bed prisms; v, si. sol. cold benz> 
eno or alcohol. l)ocoinposed by a large quan* 
tity of alcohol, by water, and by alkalis. 

Nitrosainine C,.jit,N.NO. [82°J. Nitrous 
acid in an alcoholic solution of carbazole forms 
mono* and di-nitrO'Carbazole. If carbazole 
(3 g.l bo mixed with acetic acid ^60 g. of 8.0-. 
1*04) and other (00 g.) be poured in, on adding 
KNO^ tlAi nitrosainine is dissolved in the ether 
as flist as it is formed, and crystallises out on 
evaporation. Long Hat golden noodles. Soluble 
in ether, CS^, chloroform, glacial acetic acid 
and benzene. It is dccoiuposcd if heated with 
alcohol mixed wi).h an acid, carbazole being 
regenerated. Alcoholic K(/iI turns it blood-red. 
Bcducing\ gents r^'^enerate carbazole. Cone. 
ll.,,S 04 gives a dark-green colour (Zeidler, A. 

loiraos). •- 

Acetyl derivative CjaHgNAc. [62®]. 
(above 360*^). From carbazole and Ac»0 at 
250°. Slender needles (from water); v. u* sol. 
water, v. e. sol. alcohol. Erdmann's solution 
does not turn it green. Its picric acid compound 
is orange. 
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.J2«/er«neM. — Bboko*, Colo&o-, IftiBo-, 
Ibiim-, ftnd Etbti.-, oabbazoiiE. 

C&BBAZOBE lETBASEBSIDE 
n20°]. (o. 328°). Forifled, together with 

hydrogen, Dy heating oarbazSline hydrochloride 
at 800°. Crystallises from alcohol. ¥. e. sol. 
alcohol, insoL water. Does not combine with 
acids. Deduced by HI and F to carbazolinc. 
The picric acid coi^aund 
0 , 2 H,,NC,H,(N 0 i), 0 H mrifs brown laminio. 

CABBAZOLE x-CABBOXYUC ACID 
CijHbNOj i.«. CijHjN.COjH. [272']. From 
potassinm carbazole and CO2aA270°. Micaceous 
scales or flattened prisms with faint blue fluor¬ 
escence : insol. water, si. sol. cold alcohol 
(Ciamician «. Silber, 0. 12, 272). 

CABBAZOLINE Carbaiole hcxa- 

hydride. [99°]. (297°i.V.). V.D.C-13(5-99calo.). 
Formed by heating carbazole (3 pis.) with (12 pts. 
of) HIAq (127°) and amorphone F (1 pt.) at 
220°. White needles (from alcohol); may be 
sublimed; volatile with steam; v. e. sol. alcohol 
and ether, v. si. sol. water. HI and 1’ at 33i>° 
reduce it to diphenyl dec'-.hydride C,.,H 2 „. Docs 
not combine with picric acid. 

Salts.—B'HCl: v. e. sol. water.—BTIBr; 
tables.—B'Hl. 

Acetyl derivative C, 2 H|,NAo. [98’]. 
Prom oarbazoline and Ac^O at 110°. Needles 
(from alcohol). 

' CABBIOES. Gompoands of carbon with one 
other more positive element, A carbide of iion 
l''e ,0 probably exists in cold rolled steel; other 
carbides of this metal are deseiibed, but their 
existence is doubtful, iiilver is said to form 
three carbides, Ag,C, Ag.^0, and AgC. Nickel 
takes up a small quantity of carbon when 
strongly heated with charer..-l^but no definite 
compound has yet been prepaied. We have 
very little definite information regarding this 
olaK; of compounds (v. Ibiiucm, Nicurr., 

PALLADltM, I'LATINOM, and SlLVEIl). M. M. 1’. ,M. 

CABBIMIDE V . CvAmo acid. 

CARB IM IDO-ALLYL-THIO-UBEA CjHjNjS 

i.e. SC<^]^|f°>C;NH or CJIjNII.CS.N;C;NH. 

Allyl-thio-carbamine-cyamiile. Formed, as the 
crystalline sodium salt, by mixing allyl-thio- 
carbimide and sodium cyaimmide. Decomposed 
by acids into its constituents (Wunderlich, B. 
19, 448). 

CAKBIHID-AIlIDO-BENZaV! ACID is 
Ouanido-di-bonzoic acid v. p. 157. 

CASBIMIDAUIDO-BENZOYI. v. Oxy-qcim- 
AZOLraz and p. 155. 

CAEBIMIDO-CYAN AMIDE v. Aut'^o-omxAMio 
ACID, p. 163. * 

CAEBHtlDO-ETHYl-THIO-UHEA^ C,II,N,S 

is. SC<^ 2 ‘> 0 :Nn or EtHN.CS.N;C:NH. 

Elhyl-thio-carhaminc-cyami^e. Formed, as the 
crystalline sodium* salt, by mixing ethyl.thio- 
carbimide and sodium oyauamide. 'Jecomposed, 
by acids into its conaUtuents (Wunderlich, if.' 
19,448). • 

OAEBUnDO-ETHYL-DKEA O.H,N,0 i.e. 

00<^^*>0:NH or EtHN.CO.N:C;NH. ^OiyU 

carbamine^yamide. Formed, as the crystalline 
ao^um salt, hj mixing ethyl cyanate and 
sod””" cyanamide. Decomposed into its con¬ 


stituents by acids. Forms a green enstallUis 
copper compound (Wunderlich, B. 19,448}. 
OABBIH1D0.1^XHYI..TH10.UBEA 

O.H.N. 8 i.e.SC<N^>C:NH or 

MsHN.CS.N:C:NII. IlJjjihyl-thio.carbamine-cy 
amidJt Formed, as tho“orystalline sodium salt, 
by n ixing methyl-thiocarbimide and sodium 
cyannmido. Decomposed by acids into its con¬ 
stituents (Wunderlich, 71.19, 418). • 

• CABBIMIDO-PHENYl-lHIO-UEEA 

C,U,N 38 i.e. SC<^\'['>C;Na or 

PhNU.CS.N^'tNil. Pke7iyl-thio-carba-inuie~ 
cyainiile. as t,lie crybtalline sodium 

salt, by nilxif^f pboiiyl-tuiotwbimido and sodium 
cyanamido. i>ccoiniJOstid b>'*^icid 9 into its Con« 
slituonis (Wuiidc*rlicl», B. 448). 

DI-CAKBIN-TETKA.CAEBOXYLIC ACID v. 

EtUYLL 2NE%’ETilA-CAUBOX\LIC AC11). 

CABBIKOL. A name given by Kolbe to 
methyl alcoliol, but used only in describing 
alcohols derived Iherofi'oui by displacement of 
hydrogen of its metliyl by one or more alkyls* 
Cy. Alcohols. 

CABBINYL. The corresponding term for 
the alcohol radicles of the ulkyl-carbinols; 
thus, Me.,C may be called tri-inctliyl-carbinyl. 
CARBO-ACETO-ACETIC ETHER v. p. 20. 
CARBO-ALLYL-PHENYL-AMIDE v. PnENTL- 

ALLYL-CYANAMIUE. 

CARBO-DI-BUTYL-DI-PHENYL-IMIDE V. 
Di^utyl-m-piidnyl-cyanamioe. 

CARBO-ISO-BUTYRALDINE i.e. 

(NIJ.,)CS.S.N(C,11,V l^rora iso-butyralde- 

hyde, CS., and a<iucou 9 Nllj. Prisms, insol. 
water, sol. alcohol (Pfeiller, JJ. 6 , 701). 

CARBO-CAPRO-LACTONXC ACID v. Lactom 

of 0XY-1’R01*\I,-SUCCINIC ACID. 

Di-carbo-capro-lactonio acid v. Lactone of 

OXY-PENTA aI;] 'I'l t.X’A!i3*<»XYLIC ACID. 

CARBOOINCHOMERONIC ACID^is Pykidinb 

TRI-CAlinn.WIilO ACID. • , 

CARBO-GLUOONIC ACID C,H„Oh-. An 
ainoiphous acid wliose Nil, salt is obtained by 
trciitAig glucose or cane-sugar with aijueous 
UGN (Schut/enbergor, Bl. [2J liO, 111). 

CARBO-DI-OLYCOLIIC ETHER v. OLYOOLLia 

ACID. 

CARBOHOMOPYRROLIC ACID v. Mbtiitl- 

rYRR'iTi-CAUlJOXYLIC aCiD. 

CARBOHYDRATES. A term applied to com- 
jjou’ 'ds which may be represented by the formula 
C.Y{iU.'/y X is 5, <5, or 12, and y is li, 6 or 

11 , and to compounds derived from several such 
molccuU'S by abstro''iiou of watcl’. They are 
non-volatile solids, and the non - saccharine 
members of the giou;; may bo converted by 
boiling dilute ueids Kito a sugar, usually glucose 
(dextrose). Tii<^ contain hydroxyl. On oxida¬ 
tion they frc«i 0 -nlly give rise to oxalic, racemic, 
saccharic, and uiucic acids. Most of them are 
optically active. Cflluhise is insoluble in water; 
the gums dissolve, or a* least swolTup, in water, 
but are ppd. by alcohol. Sugars #ro soluble in 
water, are not reppd. by alcohol, and have a 
sweet taste. Iodine turns starch blue, and 
affects cellulose in the same way after it has 
been treated with a dehydrating agent. The 
carbohydrates vary also in their behavioijjr to¬ 
wards alkaline copper solutions, and as regards 
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iementatlon by ycaat. Jley ar« 4eaciibed' immiplumbago ; lor a time it rras eonlased with 
the artiolea Aubio acm, CellolosK,' Dbxxbh?, molybdezmm-glanoe, but in 1799 Soheele prored 
■{iiARos, Sdoab, eto. it to be closely reliUed to coal in itb composition. 

CA^OLIC ACQ) V. PuBMOii. It is only in somewsnt recent times that approxi- 

OABBO-HESTL v. MRTHTL-oxiimouc. mately pure graphite has been obtained. Char- 

CABBO-III-NAFHI^ini-IMIl>£ v. Di-nabb- coal is the commonest form of impure amorphous 
ynm-CYABAHiDB. ' carbon; this modification of carbon can be ob- 

CABBOK OEOTTP OF EIBHENIS.— Ci^rbon tained approximately pure only with, oonsider- 
and SiUam. Of these elements, carbon occurs able difficulty. y 

inthe&cestateintlieformsofdiamond.graphite, After the earthsl had been proved to be 
and amorphous carbon; silicon is not known at metallic oxides in 1807, it was generally sup- 
such in nature, but combined with oxygen it is posed that the common earth-like body silica 
one of the most widely-distributed elements, would also be foend to contain oxygen and a 
Diamond was regarded by Ncwtoij as a com- metal. In 1823 Berzelius deeomposed silica 
bustiblcbodybecausoof itsgreatrefractivepower: and obtained the non-metal silicon, in the form 
in 1694 the Florentine'academicains succeeded of a brown amorphous powder. A'geod many 
in burning small'pieces of diamond ; and in the years later Dcville prepared crystallised silicon 
early years of this century Davy proved it to in two forms,one more or less resembling diamond, 
be pure carbon. In early times graphite was and the other, graphite. Tho leading properties 
thought to be very similar to lead ;*hcnec the of the two elements are as follows:— 


Atomic weights \ 11-97 | ^28 

Many compounds of each element have been gasified. Molecular weights unknown: 

(?) probably greater than Oj and Si,. 

Melting-points Does not melt at any temperature 1,100'’-1,300‘’ (uncertain), 
hitherto attained. 

Specific gravities Diamond 3'6; graphite 2-25; amor- Oraphitoidal 2'2-2'5 (doubtful).' 

(approximate) phous 

Specific heats 0-46 (at about 1000°). 0-203 (at about 250“) 

The specific heat of either clement increases rapidly as temperature increases from —50° : the 
rate of this increase i3,»however, very small alter about 500° for carbon and about 150° for 
silicon. The specific heats of diamond and graphite vary considerably at temperatures below 
about 600°, but from this point upwards the values are practically identical. 

Atomic weight _ 

Spec. grav. i'B , 11-2 

(approximate) , - 


Heats of formaiioK of various compounds ITiiomson, Berthelot, & 0 .), 
(Generally from amorphous Carbon or Silicon.) 


[M,H<] . . 

[M,C1<) . 
m.OT . . 

[M,ST . . 

Change of amor 
phous M to cryS' 
talline M 


picnerally from amorphous Carbon or Silicon.) 

21,750 24,800 

21,001 157,600 (product liquid) 

96,060 219,200 

-26,000 40,000 


Meats of neutralisation of agueous solutions of CO, '&nd SiO, (Thomsen). 


n [CO’A'q 


fq, nNbpdAq] 

11.000 , 


Cm diff-9.100 


[SiO'Aq, n NaOHAq] 
3,240 
4,315 
4,730 

5,230 • 

5,410 


Silicic acid shows no consfant neutralisation-point. The quantity of heat produced is <t 
hyperbolic function of the quantity of soda added, and approaches a probable maximum of 
6,300 gram-units for one formula-weight of ^iO, (v, Siia^Tiss). 
nysical pri^rties Dilniond: hardest known suistanoe; Adamantine: very hard, scratches 
• crystallises in regular forms, ocia-. glass* darkiron-greycolour,reddish 

hcdral predominating; bad con- by roflocted light; crystallises in 
doctor of electricity; refractive in- forms derived from a rhombio octa- 

dex large (Pn = 2'd30); lustre very . hedron. 

marked; usually colourless and Clmpkitoiduf: softer than adamantine 
transparent, but sometimes green, but scratches glass; may be pul- 
brown, or yellow, verised; metal-like lustre, leaden* 





<SMPO#' 


wm 




Occurrence 

prt^aration 


Ohmicalpf^erties. 


Graphite t orystaUiBea in hexagonal ■ 
forms; good conductor of oleo#; 
trioity; tough and diiricult to ptl- 
vcrise; grey, inotal-like appea> 

aftctt 

Am(n';^iousi black powder;, very 
porous, absorbs large quantities of 
gases aqiJ of many colouring mat¬ 
ters from solutions. 

The tliroc forms occur in nature, but 
neither graphite nor amorphous 
pure; constituent element of all 
animal andvogotablo matter; car¬ 
bonates vqjy widely distributed; 
graidiito prepared by dissolving 
amorplious in molten iron, or by 
decomposing by heat tlj^ CN com- 

• pounds in the mother liquor of 
soda manufacture, cfec.; approxi- 

• matoly pure amorphous, prepared 
by washing sugar-charcoalin acid, 
alkali, and water, and strongly 
heating-in chlorine; or by de¬ 
composing OO 2 by Nil, dc. 

Allotropy ninrkod. Diamond heated 
by powerful battery in absence of 
oxygon gets grey-bhick and cmco- 
like but does not volatilise; heated 
in*air combustion begins at DiiO 
1000'^. Graphite not affected at 
any to uncraturo in abscnc «3 of 
oxygen oxidised by repeated 
troii^u^ent witli KCIO^ and IINO^ 
to graphitic acid C ,,11405 (or O.J, 
a yellow soi^, si. sol. water, act¬ 
ing towards alV'<.li^jie bases like a 
feeblo acid. Amorphous burns 
easily in air; combines with H at 
a very high temperature to for’^ 
also combines directly vvitTi 
S to form CS ., with O to form CO 
and CO,^, and under special con¬ 
ditions with N to formC;.lSr.; com¬ 
pounds with halogens formed in- 
directly; combines directly witli 
Ir, Fe, Ni, Pd, Pt, Ag,and perhap.. 
some other metals. Carbon a 
negative element; docs not form 
salts by reidacing II of acids; Ct)^ 
an anhydridii ;%n agueous solution 
of CO-i probably contains llic di¬ 
basic acid H.€Og, salts of this 
acid well marked; H,CS,, prepared. 
Atom of C is letravalent; G atoms 

, tend^o combine with each other; 
vast number of compounds pro- 
dudid by a)^ition of'oth^ atoms 
to groins of C aton^. 


grey colour; crystallises in leaflet® 
composed olictahedra; good con¬ 
ductor of electricity. 

AfuorpJtous: brown powder; heated 
out of contact wilh air to l^igh^em- 
peraturo it contracts and becomes 
crystalline; bad conductor of elec¬ 
tricity; dissolves in molten Al or 
Zu and crystallises out on cooling. 
• 

Ver^widely difetributod as silicates 
ofTa, Mg, Fe, Al,^*^ 0 .; amorphous 
obtaim-d by action of K on hot 
SiCl^, SiFp orK.HiF^; graphitoidal 
^obtained by melting Al with K.SiO, 
and cryolite, or l»y decomposing 
SiCl 4 at a high tcinporaturebyNa; 
adamantine obtained by molting 
Zu with K,(SiFd and Na. 


Allotropy marked. Amoi*phons Si 
burns easily in air to SiO.; graphi¬ 
toidal doesnot oxidise when heated; 
adamatUine not even at a while 
h- it iiT oxygen; adamantine Si 
oxidised at red lieat in CO, (giving 
CO + SiO.^), also by strongly heating 
with K.CO, or Na.COs (giving 
CO + SiO., + C), but not changed by 
molten I{J 1 W 0 „ or by heating with 
j KNO 3 if 1 *:mp. at which that salt 
j dccv^n:^>osrjg is not roaclfcd. Amor¬ 
phous 8 i sohihle in HFAq giving 
lI.SiF,;A(i and hydrogen, also in 
strong hot potash loy giving 
K-jSiO-.Aq and liydrogen ; adaman- 
tino Si insoluble in HFAq and hot 
alkali solutioii.s. Si docs not di¬ 
rectly combine with II, SiJl 4 pro¬ 
duced by ;icLi«>n of HClAq on com¬ 
pound of Si and Mg; combines 
with S at high teinporaturo to form 
giS.; -rvith O lo form SiO.^; xyijji Cl, 
•13r, or I, to form SiCl^, SiBr,, or 
Sil 4 ; and with N at \#liite heat to 
form Si-.-X,; comhiniis directly with 
Al, Cu/Fe. Mg. Mn, Ni, Pt, and 
p'.nha]>s some other metals. SiO^ 
an anliydrido; probable existence 
of . iveral silicic acids; SiO(OH), 
prolfably prostmt in solution ob¬ 
tained by noutralisingK.^SiOsAqby 
lIClAq andidialysing; this solution 
very rea<’jly gelatinises. Atom of 
Si is tetravaleut, andfto some ex¬ 
tent at least, atoms of Si tend to 
combine together and form gi’oups 
which combine with other atoms, 
forming molecules similar to thoso 
of the organic compounds* * 
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OiMral formula and characters of compounds. 

MO, MO„ MSa, (SiO unknown, ? OS" and 
0 a 6 |); MO,Hg (naitker known except (?) in 
aqueous solntion,!;. Garbom and Silicon), GSsH,; 
MH,; 0„e,,, O.Ha..a, 

Ao.t Ao., and a vast number of derivutivea; 
MX, (XaCl, Br, 1, or in case of Si also •=]?), 
M-XgfXssCl, Br, or I where Ms=Si, X»\Jl or 
Br wfieretM-O/CjCl,, C.Br,, Ac.; SiF„H,; 
CH,C1, 011,01,, CHCI 3 , SiHCl,, Silll,, Ac.; C,Nv, 
GNH and salts, CHN^rolI, and salts, C^N^fFeH, 
and salts, G^N^KOFeH, and salts, Ao., Ac.; 
SijN, Ao. The compounds of C ajid Si exhibit 
considerable differences in their properties; CO ; 
and GO., are gases, SiOjis a very f^xod solid; CS, 1 
is a liquid, SiS, apGolid; 001, is not acted on by I 
water, SiCl, is at once decomposed into SiO,^ [ 
and HGl; Si readily forms a Huonde and also a : 
double fluoride with hydrogen, no coftesponding ! 
compounds of 0 are known; OH, is a stable 
gas, SiH, is oxidised by mere contact with .air 
and is easily decomposed by heat (at 400 ’); Si ; 
(amorphous) dissolves in potash evolving Itydio- ! 
gen and forming a silicate,carbon is uriucted on 
by alkalis. Both elements form many com¬ 
pounds with H and 0 (alcohols, ethers, acids 
Ao.), the composition of which is similar, in 
some cases the properties of the Si compounds 
closely resemble those of 0 , e.g. 
and 6i(0,HJ,II, C(C,H,),OH and >Si(CJf j,OH; 
but in other cases the properties of the two ! 
classes of compounds differ much, c.I/. CTla-CO dl ; 
and CjHj^.CO.^H are liquids soluble in water, 
but CH 3 ,SiOJI and C.jI^SiOJl are amor¬ 
phous solids insoluble in water. Many sili¬ 
cates and carbonates are isomorphous. Bili- 
cates, except those of the alkali metals, are 
insoluble in watei*, and most of lliem are with 
difliculty decomposed by acids; the normal 
carbonates of the alkali metals are sola -1 
ble in wat^r, other normal carbonates are in¬ 
soluble; aqueous solutiows of keid carbonates 
are generally easily decomposed by heat yielding 
either normal or basic carbonates; the normal 
carbonates of the alkali metals arc not (k com¬ 
posed by heat alone, other normal carbonates 
are decomposed into metallic oxide and CO,,. 

Group IV. of the elements, as the elements 
are classified by the application of the periodic 
law, contains the following:— ' 

Series 

Even. 2 4 6 8 *10 4 

C Ti 7jt Co - •Th 

Odd 3 • 5 7 9 11 

Si Go Sn - rb 

The metals titanium* zi|*couium, and germa¬ 
nium show considerable analogies with tin; 
cerium and thorium are usually classed toge¬ 
ther among the rarer earth-metals, and lead is 
generally considered apart from other metals: 
nevertheless»there are ga'ell-markod analogies 
between all the elements ^hich comprise Group 
(V. of the periodic system. Titanium is an 
amorphous body closely resembling amorphous 
siiioon; it forms the compounds TiF„ TiCl,, 
riBr„ Til,, ^Cl®, TiO, (probably TiO(OH) and 
ri(OS) 4 ), Ti,0„ TiaN 4 , Ao.; titanates are known 
(M,IWO|), many of them isomorphous with sili- 
zsCos and carbonates, Ti is more metallic than 


0 or Si, it forms a sulphate Ti(SOA,,, and other 
salts wherein the hydrogen of ac^ds is replaced 
by titanium. Ziroci!| 2 inm again is more decidedly 
metallic than iitfnium; it forms a series ot 
well-marked salts 21 ( 804 ) 2 , Zr4NO„ Ao., Ao. 
On the other hand Zr resembles C and Si in 
that it has been obtained both as an amorphous 
powder, and also in crystals which resemble Si 
in their behaviour /ow ards acids; zirconates 
(M^ZrOj) arc also Iniown. Germanium forms 
oxides, chlorides, and sulphides, Ao. (GeX and 
GeXj, X = 0 = S = CI 2 ), resembling those of Sn; 
it is, however, ihoro markedly non-metalUo in 
' its chemical functions than Sn; physically 
Ge is decidedly metallic. Cerium^ forms two 
oxides Cop, and CcO.; the former**^Tssolve 9 in 
acids forming a scries of salts of wKch COaSSOi 
is a type; CeO., is a peroxide, it dissolves in 
HCl with evolution of Cl and formation of OeCl^) 
but a sulphatk Ce(S 04 ).,. is known corresponding 
to t)iG sulpliatcs of Ti and Zr. Ce also forms a 
lluoiide a double fluoride 3 KF. 2 CeF 4 , and 
a'*chloride Ccpl,,. Thorium again approaches 
more closely than cerium to Zr and Ti; it is a 
dark-coloured amorphous powder resembling Si, 
but more soluble in acids than Si, Zr, or Ti; it 
forms the compounds TI 1 CI 4 , ThF 4 , KjThPg, 
ThO., Ac.; the sulphate is ThfSOj)^, and other 
analogous salts are known. Tin forma the 
two oxides and chlorides SnO and SnO.,., SnCl^ 
and SUCI 4 ; the hydrates of SnO.,. arc feehleacids, 
producing staiinatos (M.SnO;,) and metastan- 
nates (M^Sn^O,,), both of which are easily de¬ 
composed by dilute acids or by heat. Both 
the stannous sjilts e.(f. SnSO„ and the stannio 
salts e.g. Sn{SO,)o, are well-marked compounds. 
Load is decidi^dly nietallic in its character; it 
forms four oxidt?.^ ITiO, Pb.^Oa, and PbO.,^; 
the last is a peroxide, and it may also be re- 
j gai'ded as an anhffiridc inasmuch as plumbates 
(M.FbO.,) but these salts are 

stable easily decomposed. Tlie best-marked 
salts St leail arc (lerivod from the oxide PbO, 
e.g. I’bCh, t’h2NOj, PbSO„ &c.; PbCljhas not 
been obtained pure, but this series ot salts is 
reprc.snnted by the tetrametbide Pb(CHj), which 
is stable as a ('as. The atoms of all the elements 
of Group IV., so far as evidence has boon ob- 
rtained, are tetravalent. Looking at tho pro¬ 
perties ot these elements as a whole, it may be 
said that carbon is to a considerable extent set 
apart from tbS others, bat that it is more closely 
allied to silicon than to any other member ot 
the group; that titanium and zirconium are 
closely related; and that tin and lead, while 
shorV'mg dSstiuct analogies witlr tho rest of the 
group, are yet each characterised by^properties 
which mivrk them off from the other elements. 
Not ;nuch can yet be said regarding cerium and 
thorium; they require further study. 

p'or more detaSs and descriptions of the 
various elements see the anioles on these ele. 
Jmentsj als^v. Titjwtom okoup op elements! 
also V. CaiibAiates, Nitbates, Sdlpbateb, <ko. 
In soma of their JJhysical properties carbon and 
silicon, especially the latter, resemble boron, but 
boron piust be olassed with those elements the 
atoms of which are trivalent; v. Bobon. 

M. M. P. M. 

CAEBONC. At. w. 11-97. Mob w. unknown, 
element has not been gasiS jd, S.Q. diamond 
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8‘514 (Schrdtter, Sitz, W, 03, (2ad pt.) 402), 
S-WS (Baumhauer, An N. 8 , 1). S.O. 
graphite 2*11 tct2*26 {Kenngott, Brodie, Mdne; 
Sitg. W. 18,409; A, 114, IfC. 104). 

S.O. amorphous charcoal l*4if to 1-7 (v. Vio- 
lette, A. Oh. [ 8 ] 39, 291). S.O. hard gas-coke 
2*356 (Marohand a. Meyer). S.Tl. about *5 at 
1000® (v. in^a). O.B. (diamond, linear nt 40®) 
•00000118; (diamond, cub.mt 49^) •00000354; 
(graphite, linear at 40®f •C|0007B(»; (Fizeau, 
0. H. 62,1183 ; 68,1125). ju„»2 l(>,.a,,-2*479, 
for diamond (Schrauf, P. 112, r>«B). F.C. gra¬ 
phite, *082 (Hg at 0® = 1) [varie%iuuch for dif¬ 
ferent Bpecimens] (Muraoka, IF. 13,307). K.C. 
hard gas-cokc, *01 (Hg at 0® — 1) (Muraoka, l.c.). 
Crystalline ioam; diamond, regular octahedra 
and fore's derived therefrom ; graplnte, hexago¬ 
nal forms chrefly rhombohodral (Kenngott, Siiz. 
W, 13, 469); Nordenskiold (7*. 96,100) observed 
monoclinio crystals in graphite fr%m Finland. 
H.O. [C,0'] = 96,960 for amorplious C {Th. I, 
411); 93,350 for diamond, and 93,r>('.() for graphite 
(Favre a. Silbermann, A. Cli. [.3J 33 , HI).* 
Emission-spectrum oftserv'^d by passing sjiarks 
through pure CO or O' V. is cliaraeteriscd by a 
doable line 6583 and ?)577'o, three r.harp lines 
6150*5, 6144*2, 5133, and a band 4266 (Ingstr.im 
a. Thal5n, Nov. Act. Vi^s. 9 [1875]). liesides 
these, and many other less marked, linos, 
Liveing a. Dewar describe t!io arc-speetnun 
as showing the following marked lines, 3919‘3, 
2837*2, 2836-3, 2511*9, 2r.09-9, 229l)-r, (7V. 30, 
162,494; 33,403; 34, 123, 118). A very dif- 
ferent sijeotrum—the band-spectrtiin is ob¬ 
served at the base of a candle or gas (lame, also 
in cyanogen burnt in 0 , or by passing sparks 
through CN, CO at increased rn-esaure, CS_., Ac.; 
the most characteristio band :\ 0 -' 5633, 5104, 
and4736. There has been much discussion as 
to whether this spectrum is^at of C or of a 
hydiBHm^n (v. JJ. .1. 1880. 264).' 'l^-.ree allo- 
tropio foras of carbon are known; diamoiul, 
graphite, and amorphous carbon. • • 

The diamond was regardi;d by Newton as a 
combustible body because of its high refractive 
power; in 1691 diamond was burnt by tho 
Florentine Academicians; Lavoisier found that 
COj is produced when diamond is burnt, and 
Davy showed that diamond is pure carbon. 
Lavoisier, about 1780. recognised tliat carbonic 
acid (then called fixed air) was a compound of 
0 and the element which is the esse#tial element 
of coal; to this element ho gave the name c<tr- 
bone. Graphite was long considcn-iHl to be a 
kind of lead; Schecle, in 1799, showed it to be 
closely related to coal; ho regarded it a onm- 
pounu of iron and carbon, but Kastuer pi-tjvcd 
that the ii^n found in graphite was^only an 
impurity, and that imre grapliite is a form of 
carbon. * 

Occwrewce.-—Carjon occuts as diamond and 
graphite, the former is pure, the latter some¬ 
times approximately pure, *irbon^.nany com¬ 
pounds of C occur in nature; the cfniet are 
ID the air and all waters, mineAlcaihonates c.*;. 
of Ca and Mg, and compoundswith^H, 0, N, aim 
sometimes F and S, in all animal ctnd vogetabio 
organisms. Diamonds are fount in India, 
Borneo, Brazil, the Cape, <&c.: ^graphite, in 
OdlpWland, California, Siberia, Ac. Berthelot 


(0. B. 73, 494) found graphite in a meteorite 
which fell n^r Melbourne (Australia); and 
Fletcher found a oubic fotmo! graphite in a 
meteorite from Western Australia {Minsralog. 
Mag.t Jan. 1887). Graph'te is found both amor¬ 
phous and foliated. Coal,^nthraoite, peat, Ac., 
contain (rom 50 to 95 p.o.#f carbon. 

Forination .—Many attempts have been made 
to forif diamond; none has been certainly sno- 
cossful (u. Liebig, AgricuUuroiicmie [ia40]4186; 
Wilson, 3. 1850. 697 ; Favre, .T. 1856. 828 [from 
Cdl,]; Dospretz, 0. li. 37, 369 [elootrio current, 
for a mouth from Pt to 0 polo]; Simmlor, P, 
105,466 [crystallisation from liquid CO-J; Lion-* 
not, 0. it. Cj>, 2I3[from CSJ; Ohanconrtois, 
G. C. 1866. 1037 [oxidati<»n of hydrocarbon]; 
Rossi, C. it. Ci)f408; Tlaunay^ 30, 188 a. 
450 [action of ^^g, and Li, on gaseous hydrocar¬ 
bons mixed witli N-contalning compounds at 
very high tq|?rporatures and pressures]; Mars- 
cion, iV. E. 11, 20 [by <lissolving amorphous 0 
in molten AgJ). Graphite is formed:—1. By 
heating charcoal with molten iron, and dissolv¬ 
ing out tho Fc by IICI and I[NO;,Aq.—2. By 
the slow decomposition of TlOyAq, and boiling 
llio product with IINO.Acj (Wagner, J. G. T. 
1869. 230). — 3, By evaporating the mother 
]ii]uors obtained in making soda; these con¬ 
tain CN compounds which are decomposed 
at a certain concentration of tho liquid with 
formation of Nil, and graphite (Pauli, D, P. J. 
161, 129; SchalTunr, IF. J. 1869. 250).—4. By 
loading CO over Fo^O., at 300® -400® (Griinor, 
C. 73, 28; Stingl, J). 6, 392). Amorphous 0 
is also formed (BertliGi#!?, G. it. 73,494).—6. By 
the dooomposil:‘m of^S^. at liigh tomporatures. 
6. By I' iiding CCliOver luolton pig-iron (Deville, 
A. Ch. [3] 49, 72). Amorphous carbon is formed 
in many ways:—1. By heating wood, coal, or 
almost any animal or vogelaljlo matter, out of 
contact with air. to a Ipgh temporature.—2. By 
the inoomph !,o coinbusyon of wax, tallow, oil, or 
oLlier combuidlbl's cpmp^uiids of C mid H.—3. 
By docouqiosing, at a very high temperature and 
out of contact witli air, the gsiHcoiis C compounds 
oblaiurfi in llio production of gas from coal: the 
carbon*thus obtained is very liard (u. Proper- 
tics). 

Preparation.— Pure graphite Is obtained by 
Intimately mixing 14 parts of finely powdered 
foliated graphite with 1 part KCIO, and 2 parts 
cone. heating on the water-bath so long 

as Cl ^'»mes off, washing repeatedly with hot 
water dr^'ng^aiid heating to remove : if 

the grnphiti# contains silica it is treated^vitb 
NaF and H,^S 04 , bcsid<'s treatment #.vith KGIO 5 
and ILSfL (Brodie, T. 1B60.1; v. also Wiiicklcr, 
J.pr. 98, 243 ; Stin/l, B. 0, 391). 

Amorphous carboiyis prepared approximately 
pure by strongly heating cano sugar in a closed 
Pt crucible, boil?tho charcoal thus produced 
with (1) cone. TIClAq, (2) KOHAq, (3) water* 
drying, heating to full redness in a stream of 
^ry Cl and allowing to f|>ol .in tho aame; H U 
removed as HCl, 0 as /[lO, also traces of SiOg, 
Fe^Oj, Ac. as SiCl*, Fe^Cl,, Al^Oll,, Ac. The 
soot from semi-burnt turpentine oil, after treat* 
ment with ether, and heating to a high 
temperature in a closed vessel, is approximately 
pure carbon. It seems to be impossible to obtain 
finely divided amorphous 0 qnite free from gaiei 
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Bitch as H, 0, or 0!; even when paired as do- 
BcrlW H retains traces of Cl, this may be 
removed by strongly heating in bonneotion with 
a Sprengel pnmp, but on exposure to the air 
considerable quantities of 0» CO,, are 
quickly absorbed. The absorbed gases cannot 
bo removed by healing at ordinary pressures; 
Erdmann a. Marcliahd {J, pr. 23, 169) found 
•2 p.c. H and *6 p.c. 0 in sugar-charcoeg. which 
ha 4 been heated jiearly to whiteness for 3 hours. 
According to Porcher (C. N. 44, 203) amorphous 
C free from H, 0, and N is obtained by parsing 
CCI 4 vapour over hot pure Na in a hard glass 
tube, and then heating tho C obtained to a 
little under the temf)craturo atrwhich burning 
begins. A very har^ kind of amorphous carbon 
is formed by placing wood (bof; ash, elder, lilac, 
or oak), or flax’, hemp, cotton, paper, or silk, in 
a porcelain tube, driving out all air by CS;, 
vapour and then gradually heating to redness 
for an hour (Sidol, C. it. 70, C05*' Tho luirder 
the wood and tho higlicr tho temperature to 
which it is heated, tlic harder and denser is the J 
carbon produced. Various materials consisting' 
mainly of carbon arc prepared for industrial j 
use; charcoal, by partially burning piles of I 
wood covered with turf or earth, or by the dry j 
distillation of wood; cohe, by licating coal in | 
iron retorts arranged so that the liquid and 
gaseous products may be .separated from the 
residual carbonaceous matter; lamp black, by 
partially burning tallow, turpentine, Ac., and 
condensing the soot on cold surfaces; animal 
char (which however contains only about «10 20 
p.c. C) by heating bon*'‘»^in closed vessels, 

Propcrlm. — Unchanged by action of acids; 
has not been molted or vaporised. 

Diamond is a colonrh'ss, transparent, very 
refractiveanddisporsivi*,crystalline,solid; some 
diamonds arc coloured yellow, brown, blue, or 
black. l>ianiond is tlie Imrdi'st substance known, 
but rather brittle; very hlid conductor of electricity 
and heaV C.E. small?' csnetially at low tem- 
,»)eratures, at -42^ = C^ Unchatigod by heating 
out of contact witli air to J300'^-1100'’; hut 
placed between the carbon poles of a powerful 
battery it glows brilliautly, swells uf-‘, splits, 
and after cooling tho surface resembles coke 
from bituminous coal {comp. Hose, P. 1()8, 497; 
V. Schrottcr, Sitz. W. [2] Gil, 4<52; Morrow, 
C. li> 70, 990; Jacquelain, A. Gl, 25G; Gassiot, 
PA. G. 1860. 893; ISaumhaucr, Ar. N. 8 , 1). 
Unchanged when heated to whiteness in water- 
vapour (Baumhauer, l.c.). ^Strongly Jicated ii\ a 
Btrbam of 0, diamond is coiniTi^'tcly burnt to 
CO. 2 ; it t^iay also be burnt by licating with 
molten KNOj; or, very slowly, by powdering 
finely and heating with KmOi*/)., ILSO^, and a 
little II 4 O (Rogers, J.^pr, 50, 411). 

Graphite occurs nlltivo both crystalline 
(foliated) and amorphous;! it forms a grey, 
metal-like, hard, opaque, solid; fair conductor 
of electricity, especially after purification by 
KG10|, &q. (n supra'U fair conductor of heal^ 
ia not changed by h^Ung out of contact v.ith 
air; burnsWn 0 to CCtj at a high temperature, 
but more slowly than diamond; burnt to CO^, 
more easily than diamond, by molten KNO*, or 
byKjOrjOyand IL^SOiAq; also by heating with 
various metallic oxides. \Vlien graphite is 
^^ted with KC 10 | and UNO^A^ a oompoimd of 


and 0 blorm^, called by Brodiepre^l^i^id 
acid (probably OiiH.Oa); this body is not ob¬ 
tained from msimoni or amo|mhous carbon (o. 
Beactions, No. ffl. ® 

The cgraphi^-like form of coke which is 
formed in the upper parts of the retorts in which 
coal is heated for gas-making, or is obtained by 
passing hydrocarbon vapours through red-hot 
porcelain or iron tubes, is an extremely hard, 
metal-like, lustr|^% sonorous solid; S.Gl. 
(2‘356) nearly same as that of graphite; it is 
a good conductor of electricity and a fair con¬ 
ductor of heat; burns with difliculty; it contains 
no H, and lekves only from *2 to *3 p.c. ash 
(Marchand a. Meyer). 

Amorphous carbon (sugar-charcoal; lamp¬ 
black) is a dense, black, pow^^r; it is ex- 
trciiiely slowly acted on by nnytjeagonts, oven 
energetic oxidi.ser 8 ; non-conductor of electricity. 
Tho harder forms of amorphous carbon, obtained 
by calcinirfg hard woods at high temperatures 
out of contact with air, somewhat resemble 
graphite in appearance, tlioy are more or less 
luf-trous, conduct electricity fairly well, and 
burn slowly when heated in air or 0. Ordinary 
amorphous C, or ordinary wood charcoal, ab¬ 
sorbs large volumes of gases: Sanssuro {Q. A* 
47,113) gives tho following volumes absorbed 
by 1 vol. box-charcoal at 12° and 724 mm.: 
NH 3 90, nCl 85, SO., G5, H.S 65, N,0 40, 
CO., 35, CO 9-4, C,H, 35, 0 9 2, N 7*5, m-76. 
Hunter {P, M, [4] 29, 116; C. J. [2] 3, 285; 
6 , IGO; G, ISG; 8 , 73; 9, 76; 10, C49) givc.s 
these numbers for 1 volume cocoa-nut charcoal 
at 0° and 7G0 mm.; NH., 171*7, CN 107-5, 
NO 80*3, Cf{,Cl 7G»4, (Cn..)..0 7 G- 2 , aH^ 747, 
N.O 70*5, PH, 09*1, CO, G7*7, CO 21*2’, 0 17*9. 
According to Angus Smith {Pi\ 28, 322) absorp¬ 
tion of gasesi:hy charcoal takes place in dofioite 
volumes; thus if.,the vol. of H absorbed under 
dofinite oonditidhs is 1, the vol. of 0«8, CO ** 6 , 
CO, - 2‘^ N ^ 4'GC. Chemical some- 

times occurs between gases absorbed by char- 
cojft; 1;hus, IICl is produced by leading H over 
I charcoal wliicli has absorbed Cl, and SO.,Cl, by 
leading SO, over charcoal under tiro same con¬ 
ditions. The absorbed gases are removed in 
vacuo. Recently heated porous wood char¬ 
coal removes many colouring matters, c.g, 
indigo, from solutions; it also removes fusel oil 
from weak alcohol, alkaloids from aqueous 
solutions, many metallic salts from solutions, 
Ac.; in sdlieo cases chemical change is pro¬ 
duced, e.g, CuSOjAq and AgNO^Aq are reduced 
with pps. of Cu and Ag (Monde, J. pr. 67, 
255; V . also Graham a. Hofmann, A. 83, 89; 
Gf.rhani, P. 19,139; Weppen, A. 65, 241; 69, 
36i; Favre, A. Ch. [5] 1,209; Guthe a. Harms, 
Ar. P\ G9, 121; Stenbouse, A. 90^ 186). 

Specific heat of carbon.—Tlhe follow¬ 
ing numbers summarise tho chief determinations 
exclusive of thofs of Weber: the temperature- 
intervales about 35°-55° 

. Dianio^: *141 Bettendorff a. Wullner (P. 
133, 293); Vt47 Regnault (A. Ch. [.3] 1, 202) j 
•b9G [20®-l,00(r] Dewar (P. M. [4] 44, 461). 

Oas carbon: *166 Kopp (A. 126, 862; 
^Supplhd.B, 1 a, 289); *186 B. 8 .W. (U); *197 
B. (fc.).; *82 [ 20 ^- 1 , 000 ®] D. (Z.C.). 

Graphite \ *174 Kopp (^.c.); *188 
(I.C.); • 201 B.(U). 
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Cf * WooicJKircoaJ:‘ait'B. (tf.). _ . 

ftj 1874 Wober me4e otftefol determinationg 
ol the 8 JI. ot the different ‘lorms of carbon at 
different teifipetatures; h^lnsed ( 1 ) diamond, 
( 2 ) native graphite, (3) porov wood*oliarco 8 l in 
a slender filament strongly heated in dry Cl and 
sealed at once in a glass tube. His chief results 
were as follows (v. P.M. [4] 49.161 a. 276) 

* Dianumd. 

Temp. -60” +10” IS”! 250” 606” 985” 
S.H. -0636 •1128 -ITOS -3020 -dlOa -4529 
Graphite. 

Temp. -60” +10” 61” 201°«250” 641” 978” 
B.H. • •1138 -lOOl -199 '2906 '325 -4454 -407 
^ Wood Charcoal. 

Tcrap^ 0’-23” 0”-99” 0”-223” 

B.H. • -1663 -1936 -2385 

These numbers show that the S.H. increases as 
temp, increases, but that the rftto of tliis in¬ 
crease is much smaller at high than at low 
temperatures. From 600° onwards tlie .S.H. of 
diamond is the ssine as that of graphite; %b 
the values for wood ohnvooal are nearly the same 
as those for graphite for the same temperature- 
intervals, the conclusions may fairly be drawn 
that at temperatures above 600” the dilferent 
forms of carbon have all the same S.TI., and that 
at lower temperatures there are two values tor 
Ilje S.II., one belonging to graphito and amor¬ 
phous C, the other to diamond. 

Allotropy of carbon. Carbon exhibits 
allotropic changes in a marked way; diamond 
may be, superficially at any rate, changed to 
graphito ; amorphous Cmiay also bo changed to 
graphite ; each of the three varieties is charac¬ 
terised by special properties. The S.Q. of each 
is chara.. tcristic. The hem.-.combustion (a. , 
supra) are diltcrent. I’lip S.H.s are not the 1 
same; but Weber’s rosnlt3“ieud to show that, 
ns“R^,vxds S.H., there is but one f.^un of C ex¬ 
isting a* temperatures above 600’. Arnorphous 
C remained unchanged when subjeeteW to a 
pressure of 6,000 7,000 atmos. (Spring, A. Gh. ■ 
[5] 22, 170). The three forms are clearly dis¬ 
tinguished, chemically, by their reactions with 
KClOj and UNO., («. licuctiuns, No. 9). 

Atomic wciyAt.—Determined (l)byburn- 
ing diamond in 0 and weighing (jhe Cl-k producedr; 
(Dumas a. Stas, A. Ch. [3J 1, 5; I’.rdmann a. ; 
Mavchand, ,7. pr. 23, 159; Hoscoe, A. Ch. [ 6 ] i 
26,136; Friedel, HI. (2141,100),»(2) l.y heating 
silver acetate and weighing the Ag (Marignae, , 
A. 69, 287); (3) by heating Ag sails (oxalate and 
acetate) and weighing the Ag and (.0... formed 
(Maumen 6 ,/I. Ch. [3J 18, 41). ’11”) moan of 
all the (closely agreeing) results is' 11'97 
( 0 -15-9(5. . . , 

Chemical properttes.—The atom ol 
0 is tetravalent in gaseous molecules (CHi.'CCI,, 
CBr., &a.). The atomicity* of the molecule of 
0 is unknown, as tfie element has nol;,boen gasi¬ 
fied; certain considerati^s, c.g. ^tho inc^asci 
in S.H. as temperature inereaseei and perhaps” 
the character of the spectrum, seem to indicate 
that the molecule of C is probably composed of 
several atoms. . j , 

Carbon is distinctly a non-metalUo Clement; 
it does not replace the H of acids to form salts; 
II forms stable, but easily gasified, compounds 


with the halogens ; its oxides, and alra the 
sulphide CSj, are distinctly i^dio in their re¬ 
actions : it exhibfts allotropy in a most decided 
way; the spectrum of 0 is very complex; yet in 
some of the physical'properties of graphite and 
dense amorphous carbon, this element approaches 
the nmtals {v. supraA.f Carbon stands at the 
beginning of Group IV.Sn the periodic olassifiea- 
tion -if the elements; the other members of this 
groii^, except Si, are morn metallic tbSjP non- 
metaliic; C shows closer rouitions toiSi, the first 
Sdd-series member of the group, than to any 
other element in the group (v- Caubon oboup op 
KUEUCNTS). Both cleniouts are remarkable for 
the great number of ’compounds which they 
form with H, 0, and NI Most of the elements 
of Group IV.Aixecpt C, form clviractcristio com¬ 
pounds with F, or double eoiffpounds with F and 
other elements. 

Kcactims. —4. Unchanged by action of acids. 
2. Heat, in absence of ait, produces no change 
{comp. Properties of Hiamond). — 3, When, 
strongly heated in excess of oxygen, CO, is 
formed: tlie combination is mucli retarded if 
the C and O are carefiilly dried (Baker, C. J. 
47, 349).—4. Heated with sulphuric acid and 
potassium dichi'omate 0 is slowly burnt to CO,. 
b. G.xitlised to CO; by heating with molten 
nitrate or chlornteof potassium. — 6 . Itoacts witli 
sulphur vaptur at high temperatures to form 
CS...--7. Combines witli hydrnijen to form CjH;; 
l.y passing electric sparks between C poles in 
atmosphere of H.— 8 . Combines indirectly with 
tiiiogen to form cyanogen.—9. Graphite is oxi¬ 
dised by wo/u..'!.siuwt lUJmatc and nitric acid to 
graphitic acid (?CJ',II,0, or C„1I,0.). Brodio 
J ( 2 '. 1859. 249) heated an intimate mixture of 1 
! part purified and very fimdy divided graphiteand 
‘ 3 parts KClOj, with enough very cone. HNOjAti 
to bring all into solution, at 60” for 3-4 days, 
until yellow vapour cea.scd to come off; the 
contents of toe jclhrt were then poured into 
much wal.r; .thp ifisolnldo matl;!r was tho¬ 
roughly washed by Iteeantation, dried oi) a 
water-bath, and again oxidised by KCIO, and 
HNO.Aq, as before. ’4’heso operations were 
repcirted (usually 4 times) until no further 
change was produced, and the insoluble 
matter formed a elear-yellow solid. Analysis ol 
this yellow solid, dried at 100 ’, gave the formula 
C|,H,Oj. This body—called graphitic acid by 
Brodic — forms small, transparent, lustrous, 
yellow plates; it is slightly soluble in water ; 
ini; dublh in watyr containing acids ox salts; 
turns blu'i‘litmus slightly red; shaken with 
solutions of alkaline lia-ses it apijears to form 
insoluble salts, but tbo eompositiun of these is 
very uncertain; wnon he.ated it burns explo¬ 
sively, leaving a fine, black residue; it is easily 
decomposed b\ rcdu&ng agents such as(NH,)HS, 
SnCl,, HIAq, A#, (u. infra). Brodie aupimsed 
this body to be a eompound of a hypothetical 
element which he called graphon, and to which 
he gave the atomic weighs 33; b^e formulated 
graphitic acid as Gr,n,0„ and rega,rded it as 
the carbon analogue of a silicic acid Si,H,0| 
obtained by 'WShlcr from graphitoidal silicon. 
Gottsohalk(/.pr.95,321) plaecda veryintimata 
mixture ol 1 part (50gnns.) purified, very finely 
divided graphite with 3 parts KOlO, in a large 
flask surrounded by ice-cold water, and^yvetj 
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slowly Added enoQgh HKO,Aq, S.G. l'£25, to 
eompletely moUton tho whole; he then digested 
At 50^ to do*’* and then at 60^ to 70^, for 25-^0 
hours; he poured off the greater part of the 
acid and dissolved KNO„ washed with hot water 
by decantation* dried tn vactto&nA then at 100 *’; 
he repeated this treatmpnt 5 or 6 times; finally 
he washed the residue\dth HNO^Aq 1*26* 
removed the acid by pressing between pape^ and 
then 1 )Y washing wit^ alcohol, washed with Ysther 
to removd alcohol, pressed again, and dried on 
the water-bath in the dark. Guttschalk’'u 
analyses lead to the formula C„n, 0 „ for , 
g^'apbitic acid ; he describes a salt, 1 

obtained by treating with cone. KOllAq and 
washing with cold watt r. 

The action of KCIO, and HNG.i on graphite 
has also been invoVligaled by Stingl (B. 6, 091), 
and by Berthelot (*1. Gh. [41 19, 099). Bertholot 
calls the compound produced as described 

S hitic oxide, he says it does not react as an 
; he calls the carbon-like mass loft on 
healing graphitic oxitlc pj/ro(jraphitic oxide; 
the body is completely dissolved by healing \Yith 
EG10.y and UNO,,. TIjo porous, amorphous, 
insoluble body obtained by heating 1 part 
graphitic oxide witli 20 parts HIAq S.G. 2 0 
to 280”, Bertlielot calls lnjdm<jy<ipfutic oxide ; 
this body is not explosively (leeomi)OKed by 
heating, treated with KCIO,, and UNO., it yields 
graphitic oxide. There appear to be difTerences 
between the (jraphitic acuh obtained from 
different kinds of graphite. Bertlielot distin¬ 
guishes the three allolropic forms of carbon«,by 
their reactions with and conc. HNOj*, 

amorphous carbon is oxidist^l to brown humus¬ 
like bodies, which dissolve in water; graphite 
forms graphitic acid; diamond is unchanged. — 
10. Both graphite and amorphous carbon arc 
said to yield mcllitic acid C^(C 0 ,,H )6 by the 
action of K^nn.^OH in KOlTAq (Schulze, B. 4, 
802).—11. Carbon combinls with many metals 
when 8 trong,ly heated with tlmu, c.g. with Fe, 
Ni, Co, (fee,; none of llflsc carbides has been 
isolated as a pure compound (v. Cakuides). 

Carbon, halogen compounds of. Carbon 
does not combine directly with the halfgens. 
These comjiouinls are represented by the forniulro 
CX4, CjXfl, and C;,X4, where X « Br or Cl; when 
X = I only 0 X 4 is known: no fiuoride of C has 
been isolated. The chlorides have been gasified 
and V.D. of each determined; the forinulaj are 
therefore molecular. The bromides decompose, 
partially or wholly, when hef^ted; the /.ormulie 
are pivbably molecular. The ioclK|^ is easily 
separated by Jieat into C and I. The methods 
of preparation, and reactions, of the chlorides 
And bromides arc very similar. [C,Cl*] = 21,030; 
[C*,CB] “—1,150 (at cwist. press. Thomson). 
Besides these compounds,setcral brumochlorides 
of carbon exist; CBrClg; two isiuneric C.Brj 5 Cl 4 , 
02 Br 4 Cl 3 , C^BrjCl, C.^r^Cla, C.JirsCl. [For more 
details of the halogen compounds of carbon v. 
the halogen derivatives of Ethanr, Etutlene, 
and Methane-.] * 

Oabdon biv»mii)E 8 . Carbon dibromide 
CTetrahromeihylene). ■White crystals; 
M.P. 63°; produced by heating C.jl3r„, or better, 
by reducing OjBrjWith Znand HjSO.Aq: also by 
reacting with Br on alcohol or other, adding 
t« remoTO EBr, and distilling; or by 


treating OfBBrrBr. wiQi'aloohpUe EOH (Cim. 
nox, 0, /. 14, SOeJ. Decomposed by hot SSn, 
On, Fe, ZnO, OaO,*<bo., giving metidlio btomido 
and 0 or OO, (Ii«w%, A. 8,292). r 

Carbon tribgomide 0^i,{Sexabromidt 
TetrdbrometUjUne dibromide). Hard, rectan¬ 
gular prisms, easily soluble in CS,, insoluble in 
alcohol or ether; decomposed to C^r, and Br, 
at 200°. Produced .by brominatinp 0,H,Br„ 
and by heating C.jl&g with Br and H,0 to 
170°-180° (Keboul, J. 124,271). 

Carbon teirabromide CBr, {Tetra- 
bromo-me(hane). White lustrous tables; S.G. 
3-12; M.1'. 91°. ‘^.P. 189-5° (at 760 miiv) with 
partial decomposition. Insol. in water, very sol. 
in alcohol, ether, or CHClg. Parfifllly decom¬ 
posed with liberation of Br, at 200”; with alco¬ 
hol at 100” gives HBr, CHBra, an*CH 3 .CIIO; 
with alcoholic NHg at 100 ” gives CHCrg and a 
little guanidine. Formed by the reaction between 
(1) Br, in presence of I or ShBr^, and CHBrj or 
C>S, or CBr 3 (NOy) ; (2) Br, in presence of I, and 
CllCIj. Beat prepared by heating 1 part CS* 
i with IJ parts 1 and 7 partsd3r to 160”-160” for 
I 48 hours in a clo,sed tube, shaking contents of 
; tube with NaOHAq, distilling in steam, pressing 
between paper, and crystallising from alcohol 
(Bolas a. Groves, 0. J. [2] 8,161; 9, 773). 

Carbon Citlorides. Carbon dichloride 
C 2 CI 4 {Tctracklorcthylcnc). Colourless liquid; 
ethereal odour; S.G. at 10° 1*C2 (R.), 1*612 (G.); 
; S.G. at 0” 1*6695 (B.). B.P. 122” (B.), 116*7*’ 
; (G.), 121” (B.). V.D. 5*82. Easily combines 
; with cl in sunlight fonning CgCl,, Prepared by 
I reducing C^Cle*, C..C1„ is placed in a flask with 
I water and Zn, II,,S 04 Aq is added from time to 
j time, the flask being kept cold and frequently 
I sliakcn; iho C..CI 4 is distilled over in steam, 
f dricrl, and fracft*onated (Faraday, T, 1821. 47 ; 
; Bognault, A. Ch. % 377; Geuther, A. 107* 
212; Bourgoin, Bl. 23, 344). 
j Carbo^ trichloride C^Clg f^^etra- 
chlor6^hyl''Ate dichloride. Carbon fiexachloride). 
Hard, colourless, rhombic prisms ; S.G. 2 0. 
M.P. 187'^ and B.P. llm same (Stailel a. Hahn* 

B. 9,1735). V.D. 8-15. Iiisol. in H,, 6 , sol. in 
I alcohol or ether. Easily reduced, e.g, by Zu and 
I ILSO^Aq, or by alcoholic KHS, to OgCl,; with 
I KOHAq at 200” gives KCI, H-^O, and KjC.p,. 
‘Prepared by leading Cl into boiling CgHfClgtill 
saturated, cooling by ice, pressing between 
paper, dissolvj^g in alcohol, ppg. by H^O, press¬ 
ing, and crystallising from alcohol (Faraday, T, 
1821. 47; liegnault, A. Ch. 09, 165; 71, 371; 
Liebig, A. 1, 219; Geuther, A. 00, 247; Ber- 
thclot^ A. 109.118), 

Carbo^ tetrachloride CCI 4 {Tetra* 
chlorO’fnethane). Colourless liquid, wi(£i ethereal 
odour; S.U.g 1-63195; B.P. 76-74° (Thorpe, 

C. J'.'37,199). V.D. 6-24. Prepared by leading 
dry Cl into boilingeCHCl, centaining a little 
SbCl, or ipi, in a large flaek'with inverted eon- 
■denser, removing oxcf ss of Cl by shaking with 
•Hg, and fcaStionating. Also by passing CS, 

and CM through a bet porcelain tulra (Kolbe, A. 
46, 41; 64,148). Unchanged by KOHAq; with 
alebhoiio KOH slowly gives Kd, 1^00,, and 
HjO; passed through a hot tube givea 0,C1« 
0.jCl„, and C; heated with SO, gives COCL and 
I S,0,C1,; with P,0, gives POCl, and COCl, 
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(Begnftttll, A. Ch, 71, 877; Bumas, A. CK 73, j 

95). ^ 

Carbon zoDXxa. GI 4 . Bark red octabcdia; 
S.G. 4*32; sol in alcohol, ejncr, or CS m De¬ 
composed by heat to C and I; ^oilc^ with H^O 
or dilute HIAq gives CHI,,. Preparca by mixing 
equal voU. CGl 4 andCS.^ with saturated solutioi: 
of ALJu in eSa, then diluting with H.G out of 
contact with*air. The solution of A1 is pre- ; 
pared by pUcing the propir ^uautities of Al (in ; 
small pieces) and I in a stoppered llask and 
adding 3 times the quantity of CS^ ((Justavsoii 

B. 14,1705). ' - 

Card/^ Bbomoculoiudes : Tridilorohrimo- 
vtethaneCCl^T; ivio tetruchlorndibromo-ethanes 

C. Gl4l3r.^; d^lorotctrabromo-ctlunie C-GhBr,; 
chloropentabro7no-ethane C.^ClBr., ; dichlorodU 
broino-ethylcn0O.jO\.Jiv./, chlorotribrojno-elktiknc 

.C.ClBr, (u. these compounds under MBiiiANr, 
Ethanb, and Ethylene). 

Carbon, hydrate of (?) By treating pig-iron 
with (1) CuSO,Aq, (2) FeGl^Aq conUiiniug IlCl, 
a brownish-black substance remains, contain-^ 
ing, according to Schiitzenberger a. Bourgeois 
(C. 11. 80, Oil) carbon and water in the ratio 
110 : 311 . 30 . Besides tile 0 and ILO, tlic aub- 
fitance gives about 10 p.c. ash. It loses 3H;;0 
at 250'". 

Carbon nitride «Cyanogen {q. v.). 

Carbon, oxides of. Two oxidc.s certainly 
existi CO and CO^; these fonntil.-e are molecular; 
each bears the relation of an hydride to an acid, 
CO is formic anhydride (the acid is II.COJ, 
CO .3 is carbonic anhydride (the acid is ILCO 3 ) 
{v. infra). Both oxides can bo ohtaimid by 
direct combination of 0 witli C; eitiier can bo 
produced from the other, by combining with O 
or with 0, respectively. Both uro stable gases; 
CO is on energetic reducer; CO.^ i.i a f(?w cases 
acts as an oxidiser. BrodieW^/.V. 21, 215) and | 
Ber%lot {ISl. [2] 21, 102) have <lescrihod i 
bodies, p.>/luccd by the induced elu^lric dis- ; 
charge on CX), as oxides of C. Brodie ^••otic«Ml | 
a gradual diminution in vol. of tlie CO and tlie 
formation of a rod-brown film on tlic glas.s tube; • 
the solid was soluble in water giving a marked iy : 
acid solution; its composition appt.'aredto<lilIor i 
in dilferent experiments ; Brodie gives the for- i 
multe 0,03 and C^O,. Berthelot got brown, ! 
amorphous, humus-liko bodies which dissolved ; 
in water with acid reactions, gave brown pps. 
with AgNO;,Aq, BaOAij, and rb2NO;,A<j; at 
300®-400® CO and CO. (equal vols.) ^^ro evolved, 
and another dark body remained, to wliich B. 
gave the composition C„0;,. B. also (.1. Ch. [5] 
17, 142) states that by the action of electric 
sparks on pure CO .3 a gas was producM*! which 
reacted violently with Hg and oxidisable bo<rH;s. j 

CABOeM MONOXIDE. CO. {Carboiitc •oxide; , 
more properly, although rarely, carbonousoxii ^'; j 
formic anhydride.) Mol. w. 27’y3. S.U. dlGTS • 
(air-1). V.D. 14. .(c.-18i°) (Wroblcwski, 
C. B. 98, 982). S.H. p. •23iC. S.JI. ♦lb844 
(E. Wiedemann, P.157,1). Jl.E.-003007 (Iteg-' 
nault). S, ( 6 <») *0287; (9°) -0209; (l^-S*") -02315 
(Bunsen). S. alcohol (2'") *20350; (13'") 
‘20416; (10®) *20506; (24®) -2045^ 

(Bunsen). #* 0 =1*000301; =1-000360; 41 ,^ =» 

1*000391 (CrouUebois, A. Ch. [4] 20, 130). 
[CO, Oj »(17,960 at const, press., and 07,070 at 
const. Toh; [0,0] -29,000, and 29,290, respcc- j 
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lively (Thomsen). Does not exactly obey Boyle*a 
law: — = 100293 (Regnault, Acad. 18G2. 28, 

P|V, 

2*29). Liquefied by cooling to -130® at pressure 
of 200-300 atmos. and thou decreasing pressure, 
not too ^ickly, to not les/2than 50 atmes. (Wro- 
blcvvski a. Olszewski, A. Ch. [0] 1, 112; v. also 
Natter.ji-, IK. A. JJ. 12, 199 ; and Caillctet, C. li. 
85,1215 a. 1217, and A. Ch. [5J 15, 152^. i^irst 
obt^iincd in 1770, by Lasonm’, by heating 0 with 
/iiO; obtained by Priestly, in *1790, by heating 
charcoal with iron oxide, but supposed by him 
to be H; proved by Crub'tksliank not to be a^ 
hydrocarbon; ^nio composition determined by 
j Clement and U^ornies. ^ 

Occurnmee. - In the gas* s burning coal 
or charcoal; from the parlial comlmstion or 
putrefaction of organic matter; or from tho 
: reduction of jiietallic oxides by charcoal, c.y. in 
! the blast-furnace (Baroswil, J. Vk. [;{] ‘25, 172; 
Bunson, P. 40, 193 ; 50, Hj). During the oxida- 
tion of gallic and tannic aciils by exposure to air 
, ill alkaline solutions (Boussingault, A. Ch. [3J 
' 00, 295; Calvert, C. H. 57, 873). In pig-iron 
! and stccla<!OordingtoTroosta. I[aulcfeuille,also 
Pai rv (./. 1873. 997; 1 h74. 1083). 

J'onnatioii .— 1. By par>siug steam overcxccsa 
of red-hot C; tho product may coutain about 
28^ p.c. CO, 50| p.c. Jf, 14,' i).c. CO., and 
traces of CIl, (v. Naumauii a. Pistor, 13. 18,104). 
2. Bypassing a slow curr<mtof CO.over red-hot 
C, and washing the gasi-s througli K(.)llAq and 
Boda-xime.—3. By heating CO.^ with tiioso me¬ 
tallic oxides whicdi do, r.^lft readily part with 0, 
e.fj. ZnO, PbO, oxides wlilch readily give 

up O yield but liltlo CO, as it is again oxidised 
to CO.. - 4. By passing CO.^ over red-hot Cu, or 
I over hot Zii-dust (Noack, Ti. 10, 75).- 5. By 
' heating CO,, to 1300'" (Devilb.*, C. li. 59, 873).— 
0. By electric Rji-’i-ks tbj'oifgli CO.^ (Buff a. Hof¬ 
mann, A. 11,3. MO).-"4 By heating powdered 
CaCO;, or K.CO;, wU.h fme-sixlli its^vveight of 
X)Owd(!rod clnirc(*al; Na.SO, heaUal with 0 alsd 
yields CO (witli Na.S).—8. In veu-y small quanti- ' 
ties (with COS) by passing CO.^ and S vapour 
througli a red-hot tube (Bertiudot, A. Ch. [5] 
,30, 547).—9. By heating dry 11 .,C. 04 , or by 
reaction between H.C./), or an oxalate and hot 
cone. H^SO,.—10. By lieating II.CO.H, or a 
formate, with cone. U.SO,. 

I'nqxtruliou. — 1. Guo pi. dry powdered 
K,Fe(CN),;is healtMi, in a capacious vessel, with 
8-10 pta. fionr^ as soon as frotj^ng 

Logins tho lj#iip is lowered to a small flame; 
the gas is passed through milk of® lime and 
KOlix4q, to remove CO. and the SO. formed in 
the process; SO... is evolved only in the earlier 
stages of tlie ri .iotion ^Grinnu a. Bumdohr, A, 
98, 127). 15g.K I’e{CN),.yieldabout41itrc8CO: 
K,l^' (C:#),; I 01I.,SO4 + OH,0 
6CO + 2 K^S 04 J(NII,)^SO,-f*EeS (>4 (Fownes). 
2. Dry CaC/)^, or 13aC^04, is mixed with about 
pt. dry CaOJI^, and th| mixture A strongly 
liouted in a luird glass :iask; the gas is passed 
through milk of lime, and is tlien dried:— 
CaCjO, gives CaCO, + CO; the CaH-^Oj absorbs 
any COj fonned.— 3. According to Gherrier 
(C. li. 69, 138) pure CO may bo prepared by 
passing the gases produced by heating Hj,C .^04 
with H^SO, through a red-hot tube filled with 
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chavcoal, and then through a mixture of CaOAq 
aad KOHAq. 

Froi)ertm.'-k colourless, tasteless, slightly 
odorous gas; liquefied at low temperature and 
great pressure (u. supra). CO is combustible 
but a uon-supporter of combustion: the tcm< 
peraturo of the flan^ of CO in air «s about 
1400'" (Valerius, J. 1874. 68 ). Absorbed by C, 
and by several metals, c.g. K, Ag, An; quickly 
absfirbe^. by Cu,jCla in a little HClAq (u. infra ); 
decomposed at very high temperature to C ?nd 
CO;,; decomposed when moist by induction- 
sparks; CO is an energetic reducer; it combines 
' with moist KOH (or NaOU) to form K formate; 
combines directly wi^h Cl and IW* in sunlight. 
CO is extremely poisonous ; it removes 0 from 
the blood aiuf oombincs with iiic hainoglobin. 
CO may be detected in the blood by observing 
the absorption-spectrum ; this is almost identi¬ 
cal with that of oxygenated blood, <*nd ischarac* 
terised by two bands between D and 111 ; on add¬ 
ing a little ammonium sulphide those bands dis¬ 
appear in the case of oxygenated blood, and the 
spectrum shows one band midway between D 
and K; if the blood contains CO the two bands 
remain unchanged for several days (Vogel, B. 

11, 235 ; Hoppe-Seyler, Ft. 3, 430). 

ItenctUms.-^l. Electric sparlcs cause a partial 

decomposition to CO,, and C ; if the CO^ is re¬ 
moved the change proceeds (Berthclot, A. Oh. 
[5] 30, 647). According to Berthelot {Bl. [2] 
21, 102 ; A. Ch. [5] 17. 142) CO is decoini)oscd 
by the induction-discJuirgc, with production of 
CO., .and (?) C^O., and C^O^ (u.anfc; beginning of 
this art.). According a. Hofmann {C.J. 

12, 282) the induction-spallc docs not decompose 
dry pure CO. Dixon (0. /. 40, 103) found that 
CO was decomposed (only about | p.c. of the 
total gas) by sparks from a Leyden jar.—2. Heated 
to about 1300'’ CO is partially decomposed to C 
and CO., (Deville, O.'ih 59, 873).—3. A mixture 
of CO with ooTT/r/fla is brrnt to CO^ by applica¬ 
tion of a**llame or ol^'ptric* s^mrks. J)ixon 
1884. 617) has proved that if both gases are 
perfectly dry no chemical change occurs when a 
spark is passed; that a more traco pf sh^am 
renders the mixture explosive; that the oxida¬ 
tion of CO by 0 takes place very slowly if only 
a very swia//quantity of steam is present; anj 
that as the quantity of steam is increased the 
rapidity of the explosion is inereasod also. 
The steam acts as a carrier of O to the CO; it 
if probably reduced, and the II is then again 
oxid'sed: the reactions wh’ich rccuf arc very 
probably these (y. Dixon, C. J. 49,’91): 

( 2CO + 211,0 = 2CO. -!• 2H,.) 

I2H, + 0., = 2H.,0 ‘ 

Or (Armstrong, C. J. ^9, 112) the changes may 
be represented by the fo-multt, before explofium 
O.H.,O.CO ; after OH^.OCO. Hmall 

quantities of gases other tllhn HjO were tried 
(H,S, HXO.,, Nil,. C*H, 2 , HCl; SO^, CH.,, 
CO*, N.,0, C,Na, CCl,); if the gas contained H, 
explosion Occurred; the gas did not contain 
H the mixture did n^t cxi>lode.—4. When a 
mixture or CO and steam is heated to about 
600°, a portion of the CO is oxidised to CO.,; the 
amount of CO oxidised depends on the con¬ 
ditions (y. Dixon, C. J. 49, 94: references to 
other memoirs are given); if the CO., is removed 
as^it ia formed the whole of tlie CO can be 


oxidised. L. Meyer’s experiments (B. 19,1099), 
however, seem tp prove that a mixture of drj 
CO and 0 can exploded a very strong 
spark is ^sd, an 4 the temperature is thus mad( 
very hign. ^The^gases must be under consider 
able pressure; the more dilute the gaseouf 
mixture the more difiicult is it to explode it .>-6 
When sparks from an induction-coil arepassec 
through a mixture of CO and stSkm^ CO*. j 
little formic aci^. aCd in some cases G, an 
formed (Dixon, &. J. 49, 94).— 6 . When to i 
mixture of dry CO with hydrogen^ oxygen in 
sufficient for cipfiplcto combustion is ad^d^ ana, 
the mixture is exploded by the .spark^CO . and 
II.,0 are formed; the ratio of CO., to HgO 
depends on the shape of the vqgsel, and tho 
pressure up to a certain limit; aboveT;his pressure 
~ tho ‘ critical pressure ’—tho Oatio CO,:H.,0 
is independent of the shape of the vessel. The 
larger tlic ^^uantity of 0 used the lower is the 
critical pressure. So long as the volume of H 
is more than twice that of tho 0 the ratio of 
CO X H.,0:CO, XII., remains constant, provided 
no H,0 can condense, and* the pressure is above 
the critical pressure: when the vol. of H is 
loss than twice that of 6 tho value of the ratio 
diminishes. The presenoeofan inert gas, e.< 7 . N, 
increases tho formation of CO, and diminishes 
that of 11 , 0 , hence it lowers tho value of the 
ratio CO x H^OiCO, x H,. This ratio is called by 
Dixon the co-epicient of affinity of the reaction 
(y. Dixon, T. 1884. 617; G. J. 49, 94; Horst- 
inann, B. 12, 64; v. also CnEMicAn ciunoe).— 7. 
CO is oxidised to CO, (1) by bichroine and sul¬ 
phuric acid (Ludvig, J. 1872. 218); (2) by palla¬ 
dium charged with hydrogen^ in presence of 
oxygen aiid water, n.,0., being also produced 
(Traubo, B. 16, 2325, 2854; 16, 123; Itemsen a. 
Reiser, B. ift 83); (3) by mixing with oxygen 
and passing overj.-j'laiimim-black ; (4) by nitro¬ 
gen dioxide [NO.,] (Hasenbach, J, pr. [^1'^ 1); 
(5) by he ding tvith most metallic oxiZIV; (C) by 
JteaHn'j with many oxysalts, e.g. alkaline sul¬ 
phates (sulphides produced).— 8 . Many experi- 
nieiits have been made to determine whether 
CO is oxidised by contact with moist oxygen in 
presence of slowly oxidising plwsphorus ; the 
balance of evidence seems to show that CO^ is 
not produced (Uemaen (and others) Am. S. [3] 
11, 316; B. 17, 83; Am. 6 , 153; Leeds, B. 12, 
1830; G. N. 18, 25 ; Baumann, B. 16, 2146; 17, 
283).—9. CO reacts with moist potash or soda to 
form alkalTformato (Berthclot, A. Ch. [3] 01, 
463); the reaction proceeds most quickly at 
190° 200°, and is best accomplished by loading 
moist CO over soda-lime (Frolilich a. Geuther, 
A.''*202, 317).—10. With fen'ous oxide at 
300^' 400°, CO., and a little C arc foi^^ued (Griiner, 
C. It. 76, 281).— 11. CO appears to react with 
covtain metallic peroxides to form carbonates, 
but, according to Wright a. Luff (0. J. 33, 640), 
CO., is formed by partial jreduotion of the per¬ 
oxide and reacts with the lower oxide to produce 
carbonate.—12. Mj. ly of the preceding reactions 
exhibit CO^s a reducing agent \ it also reduces 
PdCl.,Aq to Pd.—13. When 5 ocfi«j» or potassium 
yis heated to redness in CO, alkali carbonate and 
C arc) formed. 

Conibinations. —1. With potassium at about 
80° to form the explosive compound KOO 
(Brodie, 0. J- [2] 12, 269), v, Potabsium.—• 
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8. With chhr^ or bromine ia sunlight, tbiiorm 
COO!,, or.COBr,' (t). C*nBoif,ioxYCBMniDE, and 
oxtBKoutDBj 04 .- 8 . With svi^lttir to form COS 
(v. Carbon, oxtsunreiDE or^—4. Wifh platinic 
thlor^ to form C.OjPtCf, a>^ CjO.PtCl, 
(Sohatzenbergor, A. Ch. [4] 21, 350).—5. CO is 
absorbed by anhydrous HON (Bsttinger, B. 10, 
1122); bjr several metals, e^. Fe, Ag, An; by 
carbon.— 0 . CO does not Oombine with cyano¬ 
gen, nor does it react wim Hg(CN) 2 . 

JEstithation .—CO in a gaseous mixture is 
absorbed by Cu^Cl, solution. Thomas (C. N. 
37, G) prepares the solution hf filling a vessel 
of 120»o.o. capacity ;} full of Cu turnings, 
adding 6 g. crystallised CuClj and 20 c.c. cone. 
HCiAq, an#shaking until solution of the CuCU 
is effected; he then adds 30 c.c. water and 
shskes brislfly for some time, and then adds 
30 0 . 0 . water. 

Cabbon DioxmR. CO,. (Carbonic anlujdrUh', 
often called carbonic acid.) Mol. w.-Id'HO. S.O. 
gas 1-53; S.G. liquid l-Of '7 -at - 31’; l OlG at 
-25“; -966 at -ll-5“; -01 at -10'’; -84 nt 
+ 11“; *726 at +^*2“ (Caillctet a. blathias, 
C. 12.102,1202). S.G. solid (hammered) slightly 
underl-2(Landolt.B. 17,309) [-05“) (Mitchell); 
[-57“] (Faraday); [-7H-2“] (Itcgnault, A. C7r. 
[3] 20,257). V.D. 22; 22-42 at 800“; 21-2 at 
1180“ (Moyer a. Goldschmidt, B. 15, 1105). 
S.H.V. -33 (equal vol. of ait = l), -2109 (eimai 
weight of air = l) (Kcgnault, C. It. 30, 070, Ac.; 

e. also Wiedemann, P.1.57,21). .129 

iS.ll.v. 

to 1-305 (Amagat, llimtgoji, C. It. 71, 330 ; 77, 
1325). C.E. -0037 (Kcgnault, Magnus, ,Joly). 

^ = 1-00722 (Kcgnault, C. It. 20, 975). At 

200° CO.J oboys Boyle’s law (Amagat, C. li. OH, 
1170 ; 73, 1S3). C.E. liquid 00+ very 

at —20^ become 150 vol-;,. at +30, 
(Thilonei,>i4. Ch. GO, 427). Critical tempera¬ 
ture =• 30*9° (Andrews, T. 1869. 575). Vapour- 
pressureof liqui^l CO.. (Kegnault) in aluiosphcr<‘s: 
-25®,17-1; -5°,30-9; 0^35-4; + .5°, 40*5 ; 
16®, 52*3; 25®, 66; 35°, 82*2; 15°, 1001. 
Vapour-pressuro of solid CO^(Faratlay) in atmos.: 
-57°, 5-33; -70*5°, 2-2; -991°, 1 11. B.l\ 
ol solid COj— i.e. temp, at which vapour-pressure 
= 760 mm.—is much lower than the M.P.; 
Kcgnault (and Ponillet) found —78* to —79® 
(P. 77, 107); Tliiloricr, -95° t« -98°; an^ 
Faraday, as shown by values for vapour-pressure, 
under —99®. By evaporation of solid CO+ mixed 
with ether, temp, is c. —100°. 

S. CO^ gas (Bunsen, A. 93, If: ,* 

At J5® •1-79G7 ! At 11° l h\U 

1 1*7207 ' 12 11018 

2 1*0481 13 1(MJ53 • 

3 -•1*5787 , • 11 1*0321 

4 1*612C 15 10020 

6 1*4497 ^ 16 0*9753 # 

C 1*3901 17 0*9519 

7 1*3339 01S 0-9318 • 

8 1*2809 19 0-9150 

9 1-2311 20 0-9014 • 

10 11847 . • 

Absorption-coefficient = 
1-79G7--0776U+-001642 4P. 


S. CO.^ gas in alcohol (Bunsen): 

At a*2°’ 4*0442 I At 14*2® 3*2357 

6-8 3*7374 18 3*0.391 

10*4 3-4875 ! 22*6 2*8277 

Absorption-coefliciont = 

, 4-32955 - -093^5^ + *001 21P. 

Mo =*1-000395, Ma-1'0(M)15G, Ma«l-OOO490 , 
(CroiUlcbois, .4. Ch. [4] 20, 13(5; v. also Chap* 
puis a. Kivi^re, C. R. 103, 3V). H.F«. [^,0*1- 
1¥5,060 ; [CO.O] = 67,900. II.F.v. [C.O-I = 
96,960 ; [CO,0] - 67,(570. [C.O M) = 102,840. 
[CO,0,Aq] = 73,840. fC()-,Aq] = 5,880. 

[CO’Aq,nNaQllAq] ; n = l = ll,016 ; n = 2 = 
20,184; — 4 = 20,59*2 (T^oiusnu). 

Carbon dljjxide lias Immui l^nown for con* 
turies. The identity of t!i»; gases produced 
daring fermentation and by the action of acids 
on chalk was established by Black. Bergmann 
recognised ^ho same gas in tlio atmosphere. 
Cavendish proved that the same gas was pro* 
duced by burning charcoal. Jjavoisior estab¬ 
lished the composition of the gas. Faraday 
liijuelied, and Tliilorier soUdilied, carbon di¬ 
oxide. 

Occurrence. —In the atmospliore (v. Atmo. 
sniEiiK); in mineral waters; issues from the 
earth in dilTerent places; sometimes found liquid 
in cavities in quartz, Ac. Troduced by the 
breathing of animals, by the decay of organic 
matter, by the combustion of coal, charcoal, «fec. 

In combination as carbonate, of calcium, magne¬ 
sium, (tc., d’G. 

^Formation. —1. By ..fuming C in air or 0.— 

2. By oxidation of . .lo'st C-coinpounds.—3. By 
burning C(.\--4. }f)r reducing many motallio 
oxides by C.—5. By heating together H._,0 and 
CO.— 6 . By the reaction between red hot C and 
steam.—7. By the action of steam on CaCO, at 
red heat.- 8 . By heating a mixlnro of KjCr.^0, 
with Na./’Oa.—9. By heating sovoral carbonates. 

10. During fermentation. - 11 . By reaction be¬ 
tween acids and ea'rbon-.tos. • 

Freparation. -CixCO^ MgCOa in lumps'ia 
treated with dilute llClAq at the ordinary tem- 
perjitu-ie; the gas is pa.ssed tlirough NnHCO.jAr] 

(co remove IICl whicli may have ])assed over), 
and is then dried by CaClj. Bunsen recom- 
»mDn<ls the use of finely powdered chalk and 
cone. 11 ^ 804 , adflitiou of a very little water. 

• Liquid carbon dioxide was obtained by 
Faraday by decomposing (NII,);,C 03 by IFSO^Aq 
in oi .8 limb of closed glass tubo bent at an 
ob.upe afigle.* Thilorifi' (/l.C/f. 60,247) decom¬ 
poses NallCO;, by dilate ILSC>,Aq in an iron* 
vessel connected witli an iron eyliiraor in which 
the CO.jis liquefied by its own pressure. Nattercr 
{J. pr. 35, 169) e impv.’Hsos CO^, by a specially 
constructed air-puir)p (r. also Core, T. 1861. 63). 

Solid car’ion dioxMe is obtained by allow¬ 
ing tho liq >bi to ^escape into a tin vessel; part 
of the liquid becomes gas and ])avt is solidified 
iliandolt allows the liquid to evaporate freely 
•into conical woollen ba|i, ;• iie tlicrf compresses 
the solid COjin cor’cai moulds of hard wood by 
wooden pistons {B. 17, .369). 

Propertieft. —A heaiy, colourless, gas; in¬ 
combustible ; non-sup) orU-r of ordinary com¬ 
bustion, but strongly heated K or Na, or brightly 
! burning Mg, burns in COj. Absorbed by water, 
solution colours litmus winc-red and renefs as 

yy2 
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a wealc acH (t>. Cabbonio acid). Absorbed by 
moist alkalis and alkaline earths forming carbo¬ 
nates ; rapidly absorbed by mixture of powdered 
KOH and hydrated Na^SOi. Poisonous, by 
cutting ojd supply of 0 . 

Liquid carbon dioxide is a limpid, colourless, 
refractive, liquid; noi^onductor of electricity; 
not changed by strong induction-sparks; very 
expansible by heat; C.E. is greater than tliat of 
the gus. f Insol. iit water which swims m the 
surface; mixes with alcohol, ether, tfec. Dops 1 
not dissolve S or P; dissolves I ; no reaction i 
with Na or K (Caillctet, C. 11. 75,1271). 

' Solid carbon dioxide is a white, loose, snow- 
like, solid; ■when compressed by Itaiiiiering in 
wooden moulds it resembles chalk (Landolt, 

17, 309). Very biid conductor of'hcat. Evapo¬ 
rates slowly, a specimen prepared by Landolt 
63 mm. by 71 mm. diain. look 5 hours to 
* volatilise in the air. Burns, if pr{#«scd against 
the skin. 

Iteactionfi.—l. Healed to c. 1300’ in porcelain 
tube is partly changed to CO and O (Devillo, 
C. a* 60, 729 ; v. also Berthelot, C. II. OB, 
1035).—2. Partly decomposed hy electric sp(irks\ 
a condition of equilibrium is attained when 
change of CO« into CO f 0 equals that of CO 
and 0 into CO.^ (Dixon a. Lowe, O. J. 47, 571).— 
3. Mixed with hydrogen^ and heated io bright 
redness or submitted to iudacHoit’Sparlcs^ HD 
and CO arc formed; if IID is removed the 
whole of the CO.^ goes to CO (Dixon, C. J. 49, 
94). According to Dubrunfaut (C. U. 74, 125) 
CO.^ and H passed over hot pumice give Gjuid 
H.jO,—4. A mixture of^'^i 'hon dioxide and stil- 
phnr vapour passed thr^'^gii a red-hot tube 
yield a little CO»S, CO, and SO.^ (Berthelot, Bl. ^ 
[2] 40, 302).—6. With snlphurellcd hydrogen^ \ 
passed through red-hx^t tuhcy forms CO, 11^0 and 
S (Kohler, B.ll,20u).—G. Decomposed by chloro- 
phyll-\)K):iB of plants cn snnshiuc.—7. ileduced 
to CO by hcatir>g with earhnn, iron or zinc, or 
W'ith coppea which has occlu lerl hydrogen (Tis- 
sandier, C. 11. 74, 531; Schrotler, ir. A. B. 34, 
27).— 8 . Partly reduced to CO by reaction wllli 
ferrous sulphate and a little water, in a closed 
lube (Horsford, B. 0, 1390). - 9. Beducinl to C 
by heating strongly with sodium, potusshnn, or 
magncshim; alkali carbonates strongly heated 
with 2 )hosphoriisorboron\^v\QCO.p\\\\e\y is reduced 
to C (Tennant, Crellis vl. [1793] 1,158; Drageu- 
dorff, J. 18G1.111; Leeds, B. 12,1834 a. 2131).— 
10. With moist alkalis, or alkaline earths, forms 
carbonates.—11. With tvalsv prcjbablj forms a 
' solution of carbonic acid, H.^CO;,*(u, Caubonic 
acid). —12. TVithsodinm- or})otassiwn-amaIgam 
at c. 350® gives Na (or K) oxalate (Drcchscl, ^1. 
140, 141).—13. With sodium COAq reacts to 
give Na formate (KoIb3 UvSehmitt,/1.119, 251). 
14, Decomposes moist po/asi’inv/t iodide at high 
temjwrature giving III (Papaaogli, (/. 1881.227). 

Carbon, oxybromido of. The existence of 
a Br compound of CO analogous to COCl^ is 
doubtful. A mixtive fi Br vapour with t.xccs^ 
of CO is slowly, but hot fully, decolourised in 
sunlight; iu' contact with KOHAq this gas pro¬ 
duces KBr and (Schiel, A. Suppl. 2, 311). 
Bmmeiliiig a. Lcngycl could not obtain a trace 
of any compound of C, Br, and 0, by the re¬ 
action between COS and Br at a high tempora- 
tui© (ii 2, 647). By the reaction between 


H ^804 (50 parts), (20-25 parts), and 

CHBr, (5-10 pa^ts), Emmerling (B. 18, 874) 
obtained a small quantity of a Ikuiu, which he 
slowly distilled through Sb, to remove Br; ho 
thus obtafhed a colourless heavy liquid, smell¬ 
ing like CotJla. The B.P. rose from 12® to 
30®; analyses seemed to show that the liquid 
was a mixture of COCI 3 and C oxybromide. 

Carbon, oxyoblofide of. COCl^. (Carbonyl 
chloride, Phosgc}ioeg(^. Chloro-carbonic acid ) 
Mol.w.98'67. (8'2“at756mm.). S.G. f (liquid) 
1-432 ; 1-39^ (Emmerling a. Longyel, A. 

Suppl. 1,10}). V.D.50-6 (E.a.L.). [C/»,C1''1“ 
61,850 at constant volume; 55,140 at constant 
pressure (Thomson). First prepar«j by J. Davy 
in 1811 (2’. 1812.144) by the action ot sunlight 
on C1 + CO (hence tlie name plwstfiiie). 

Formation.—1. By leading CO into boiling 
SbCl, (Hofmann, A. 70, 139 ; V. also Butlerow, 
X. 18(13. 481; Kraut, Gm.-K. I. 2, 386), or over 
liot VbCl^ or AgCl (Gbbcl, J. pr. 0, 388).—2. By 
Lheating CCl, with EnO nt ‘lOO" in a closed tube; 
or l)y passing CCl, and CO'through pumice in a 
tube heated to about 400“.—3. By heating GHGI 3 
(1 part), K.jCr.p, ( 2 J ifarts), and H^SO, (10 
parts) at 100 “, and passing the gas over 8 b to 
absorb Cl (F,. a. L.).—4. By passing Cl and CO 
ovorPt black at about 400“ (Schutzeuberger, i’f. 
[2] 10, 188; 12, 198).—5. By passing Cl ami 
CO.j over hot C (Schiel, J. pr. 6,388). (For olher 
methods V. Schutzenberger, if. 2, 218; Dewar 
a. Cranston, C. N. 22, 174; Armstrong, B. 3, 
730.) 

Preparation. —Drv Cl and dry CO are slowly 
passed through a succession of large bottles 
freely exposed to sunlight, then through a U- 
tiil)o loosely lijlcd with pieces ot 8 h (to remove 
free Cl), and finally into a tube surrounded by 
snow .and salt. B.teh gas slionld pass through 
the drying-bottles at as nearly as mayi.o the 
same ratc^ 100 litres CO give 140-1A-? g. COCl_j 
in di"ec'l sunlight. Paterno {G. 6 , 233) ijasses 
the mixed gasc.s through a tube 400 ram. long 
filled with ajiim.al charcoal: combination occurs 
with production of boat; tlie tube must bo 
cooled by a wet olotli from time to time (v. also 
Wilra a. Wischin, A. 147,150). 

J-’ropcrfics.—Colourless gas with penetrating 
odour; at 8 " and under it is a colourless limpid 
liquid; tt>c gas is soluble in acetic acid, benzene, 
and several liquid hydrocarbons. 

Pcactiois. —1. IVafcr absorbs COClj with 
formation of OO.Aq and llClAq. Berthelot 
(C.U.87,591) gives the value [COCP.Aq] = 64,600. 
2. Alcohol toxmschlorocarbonic ef/jer CO.Cl.OEt 
(ly. I.). — 3. Several metals decompose COClj, 
when hqated witli it, to CO andmetailio ojjloride; 
e.g. Sb, As, Na, Sn, Zn ; potassium forms KCl, 
KjOO.,, and C.—4. With slightly moistpotossiltm 
carbonalCt KCl, H.jO, and CO, are formed.— 
5. ZMiCiOxidc produces Znlllj and COj.—0. Com- 
bu.ies with 4 vole.,ammonia to form urea and 
NH,C1 (Natanson, A. 98, 288; Fenton, 0. J. 
30,‘-793). 

Carbon, oxysulphide of. COS. (Carbonyl 
Sulphide.) Mol. w. 59-91. V.D. 30-4. [CO, 8 ] = 
8,030; ■[C,0,S] = 37,030; [008,0“] - 181,010 

(Thomsen). 

Occurrence .—According to Thom (,1. Si^ppl. 
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S, 236), in several minend waters, and in vol¬ 
canic gases. ■ • 

Formatio»0-l. By passinl CO and S vapour 
through a red-hot porcelaw'^tube ^Thotn).— 

2. By gently heating SO, wit* CS#; BO, and S 
also produced (Armstrong, B. 2, 112).—3. By 
action of CO, on boiling S; or by ellctric sparks 
on 00, miiod with S vapour (Cossn, B. 1, IIV; 
Chevrier, C. B. 69,136).-». By leading alcohol 
and CS, ovgr red-hot Cu^OiJ'nolhjy, C. J- [2] 13, 
623). ];1)r other methoda 1). Bailonburg, B. 1, 
273 ; 2, 30, 03, 271; Dewar a. Oiaiiston, C. N. 
20,174; Salomon, J.pn [2] Oisijti. 

Preparation .—By decomposing KCNS by 
H,S0,Aq; KCIIS-r 11,0 + 2IBSO,A.i 

= COS + KI*SO,Aq + NH,.IISO,A<i. KCNS is 
added to a cold mixture of 6 vols. H.SO, with 4 
vols. H.jO as*Iong as the whole remains liipiid ; 
if much gas comes off the vessel is cooled, if 
very little gas is evolved tho vessa'l is warmed 
gently. The gas is passed through three U 
tubes, containing (1) cottv’i wool charged witli 
moist IlgO (to remove IICN and formic acid). 
(2) cuttings of nnviflcani'sd caoutchouc (to re¬ 
move CS,), (3) CaCl,,: the gas is then collected 
over Hg (Thom). Bender (A. 1 IK, 137) recom¬ 
mends passingthogas through a tube surrounded 
by snow and salt, and Hofmann (B. 2, 7 . 1 ) through 
wool moistened witli Bhlt,; the object in either 
method being to remove CS,. 

*IB'opertiee, —Colourless, heavy, gas, with a 
pleasant somewhat aromatic odour. Colours 
moist blue litmus slightly reddish. Absorbed 
by water; solution somctiiiies contains CO, and 
II.,S. Very sol. in alcohoV 

Itcaciions. -l. Bums in air to CO., and SO.,. 
2. At full mf/waf gives CS., and CO, (lieithclot, 
C. R. 8'),.."71). -3. With w.rh ’• mves CO.,A.j and 
HjSAq.-—4. With potash solution gives K.,SAn 
and K,COit.q: similar reiftaons wi','- NM .Aq, 
Crff'Vq, -ind BaOAq.—.5. Ammonia gas, or 
olooholic:ill,„ gives CO.NH.,.SNIf, (i*Beithel(.t, 
A. Gh. [5J 30, 539).—0. Soliitioiis of-.sr'fs of 
copper, cadmium, lead, or silver give no p])S., 
but on adding NHjAq the sulphides of the 
metals are ppd.—7. The gas is decomposed by 
hot mercury, copper, silver, and iron, giving 
sulphides; by hot sodium, giving Na,S, Na,CO„ 

and 0. . , . , 

Carbon selenide. Caibon ami selenioii do 
not combine directly. Ko dchuito compounds 
have been isolated. Itathko obti;^ned a liquid 
which probably contained about 2 p.c. of a 
selenide of carbon (along with CCl,), by healing 
selenido of phosphorus with moist CCl, (r. .t. 

162,181). , . ,1., 
Carbon, sulphides of. Carbon (risiilylndc, 
OS„ is aewell-marked e. tnpoutid. A mono- 
sulphme, ^S, probably c.xists. Acc*rding to 
I,3w a sesquisulphide, C.,S„ can bo obtienod 
by the action of Na amalgam on C.S., (A. 

. 9,173; 10, 20). When sodium and CS, react 
a r^-brown solid is obtained which accori.yng 
to Baub has the comptsition C,S, (C. G. 

1870.679). ^ r • 

Cabbon MONosuLPHroE. CS. Mol. w. un¬ 
known. S.G. 1'66. CS, was exposed to sun¬ 
light for 2 months in a U tube otespeoial 
construction; the solid which had formed on 
the walls of the tube was removed by water, 
washed with CS,, and dried in U (Sidot, C. ii. 


69,1803; 74,180; 81,82). CS is a red powders 
insol. in water, alcohol, turpentine, and benzene. 
Somewhat soluble in GS, or other. Dissolved 
by HNO,Aq, not by HCLAq or H,SO,Aq. At 
200° gives 0 and S. Heated with S gives CS,. 
CS 'is not produced by leading CS, over hot 
carbor^ or pumice, by l^ating Sb,S, with 0, by 
reaction between CO and il-,S„ by reaction 
between CO and H.S, by reaction b^woen 
GH, and SO, or S,C1.,, l*y healing (cN).,S, 
b^' beating Fe spiral in CS.„ by electric^ sparks 
tlirongli CS,, or by reaction between CSCl, and 
hot Cll. ,, 

/i.'/rroieci.—Baudrimont, G. R. 44, 100; 
i Bertliclol, J. 1839. 83; P'ayhiir, G. J. 13,248; 

; Buff a. Jh.fmi'un, .4. 113,129 ; Hermann, J.pr. 
j 79,4.48; Hiisemaiin, A. 117, 229; Kern, G. If. 

\ 33, 253; Kathkc, ,1. 167, 195. 
j C.viinoN msuLimiuE. CS,. {Thioenrbonte 
■ anhydride.^ Sulnhocarl-oitie acid.) Mol. w, 
75-<j3. [c. -12 j (Wartha. B. 3, 80). (-lO-Of at 
: 760 mm.) (Thorpe, C.ii7, 362; references in 
ll.is paper to otlier determinations). S.O. S° 
1-29215 (1'.). V.D. 38. S.H. (li.piid; 14°-29°) 
•2108 (Schuller, P. A'ri/rbd. 5,116 ; u. also Him, 

; A. Gh. [4] 10, 63 and 91). S.H. p. (equal mass 
'of air = l) -1.569; (ecpial vol. of air = l) -412 
I (Kognault). O.K. n. Tliorpe (f.c.). [C, S'^J const. 

press. =—20,010; const, vol. =—25,430 ; liquid 
I =-19,010; [CS=, O'] = 20.5,130 (Thomsen). 

For table of vapour-pressures from 0° to 60° V. 

; Eamsay a. Young, G. J. 47, 053. ;i.v 1-6059; 

I fi„ 1-0729 (at 13°) (Kimdt, W. 4, 34). For 
' relittions between voliyim as gas and pressure 
i v. florwig, P. 137, F-''; 141, 83 ; 117, 101. 

: Oeeurren. —Iircru.'o bru-alr ; and in mus¬ 

tard oil. First prepared, in 1790, by Dampadius, 
i>y heating iron siilidii.le witli ciiarcoal. Com¬ 
position was long unceilain. Clomeiit a. Dcs- 
: ermes (A. Gh. 42, I'll) regarded it as a com- 
; pound of C and S ; it'wa? als,> tliought to bo a 
compound of S and H»aml at otlicr times of C, 

: S, II, an.l N. Coihpos'iimi cstalilisTicd by Vau- 
' qmlin, Berzelius, and Mm-eet, in 1812 (t). O. A. 

I 28, 427 a. 453; 48, 177 ; B. 9, 284; A. Gh. 83, 
i 252). s . , . 

MWm-ition.—l. By heating S with excess of 
C ill a porcelain tube, condensing product in 
..vf’S-sci Burroundcil by coltl wator, shaking with 
; Na()HA<], drying by CaCL, and distilling from 
' water bath.—2. By heating C with a motallio 
sulphide which gives off .S at a higli teinpera- 
' ture, CuS or SI>.,S,. — 3 By heating wax, 

' su- .ir, resirn »e., witli S.—1. By heating (t5N),S. 
5. By heating CCl, with P,H„ to 200° in a closoii 

i iVenarafioii.—Commercial CS, is distilled off 

; quicklime at 00°. ,'0I- aviiig a little undistillod; 
! the distillah- is shall . n in contact with powdered 
- K.Mn.C^, abe it .5 grams to 1 litre CS.,, for some 
1 tiino (to remove H .S); it is tlieii decanted and 
: shaken tliorov.giily with Hg until fresli Hg is 
Lnot blackened (various S comiiounds, are thus 
|•rf‘l■n.ovod); the li<|uid lA j^urud otf and again 
shaken with Hg.,KO,\.<i Ca^t. 25 g. salt per litre) 
until a few drops leave no Iraen or badly smell* 
iiv^ residue wlien allowed to evaporate on mtoi 
paper; the CS^ is poured oil, allowed to stand 
in contact with CaCl^, and then distilled (frorn 
a water bath) directly into the bottle in which i1 
is to be preserved. It is kept in perfect uaxV 
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neaa (Obaeh, pr. [2] 26, 281; for other me- 
thodsv. Sidot. u. iJ. 69,1306; Friedburg, B. 8, 
1616; 9, 127; Millon, J, 1868. 928; Clogz, 
0, B. 69,1366). 

Properties. —Colourless, limpid, highly re¬ 
fractive, liquid; ethereal odour when quite pure; 
vapour oven when muc^ diluted is poisoiv^us, it 
stops fermentation (v. Oloe%, C. ii. G3, 185). 
According to Wartha {B. 3,80; 4,180) CS.. may 
be BolWifi^d by placing a small quaiitity iw the 
vessel of aCarr6 freezing machine, exhausting 
the air, and then opening the stopcock while 
continuing to exhaust; in largo quantities solid 
CSj is obtained by mixing with absolute other 
and exliausting the qir by n Cuftr6 machine. 
Wartha also obtained a snow-like solid by blow¬ 
ing dry air thrdugji CS^ at the ^:.V(linary tein- 
peraturOj according to Hallo (B. 4, 118} this 
body is a hydrate of » Bovthelot {A. Ch. 
[3] 46, 490) and Duclaux (C. ii. 6 V 1090) ob¬ 
tained such a hydrate {[)robably 2Cy...Il./)) by 
evaporating CS.. in moist air (u. also Venables, 
Am.fi, 15). CS'^ vapour is very easily inilain- 
inablo, Ignition-temp.110'^ (Frarikland, C. N. 
6,3), 170'^ (Hraun); with air or () it forms a 
very explosive mixture; mixed with NO and ig¬ 
nited it burns instantaneously with production 
of white light rich in actinic rays (v. Ik'rtholot, 

A. Ch. [3] 49, 480; Berzelius a. Mare«a, S. 9, 
284; Frankland, O. N. 6, 3; Sell, B. 5, 733; 
Dclachanal a. Mermet, D. J. 211, 483). 
Water dissolves about jy’j,, of its weight of OS^ 
(Sestini, G. 1871. 473); it is miscible in all pro¬ 
portions with alcohol, other, ethereal and fiytly 
oils, and liqui<l CO.^ (v. TuH‘.s»olnnidt a. Kolhmius, 

B. 4, 683). CS.^ is a solvt^t for fats, resins, 

guttapercha, alkaloids, I, fci, P, A'c. {v. fdclx r- 
mann. ff, 12, 1294; Gore, P. M. [4] 30, 414). 
According to Sidot, CS^ is slowly changed iu 
sunlight to CS and S (y. anU\ CAuitoN mo.sositl- 
Piiide). • , 

Reactions.—1. Heated^ strongly CS.^ gives C 
and S (Bcrtkelot, Bl. [21 11. 4'5fe'; Ihitf a. ilof- 
mifnn, A. 113, 129).—2. Barns in air ^r O to 
CO^ and SO.^.—3. bccomposed by many metals; 
Fe is said to give CS at ord. temp. (Korn^C. iV. 
33, 253; also Merz a. Weith, ii. 11, oIut) ; Cii 
at 200*^-250'’ forms Cu._.S, S, and C (M. a. W.); 
K gives a sulphide and C; Na at 110^-150^ 
forms Na.^S and N'aXSs, the latter body reacts 
with dilute HCIAci to produce ILCS.,^ (Ijow, Z. 
9, 173 ; 10, 120); Na amalgam according to Ijow 
(Z.C.) gives C.^y^, according to llaab {N. R. P. 19, 
449) C.S., (v. also Hermann, J.^sjr. 79, 448; 
‘Ileiohh d C. 1880. 420; GuignutV Bl. J801. 
111).-4. HtfUrogen^ wlien passed with CS. over 
heated IH black, produces andC; nascent 
H (Zn and llClAq) forms ll-^S and (?) 0.41,S^(y. 
Vernon Ilarcourt, C. AA 2^>, 207; Cussa, B. 1, 
117; Girard, C. R. 43, 396; Becquerel, C. U. 
66 , 237).—o. C/ifor/nc. reacts with Cya^ilTereritly 
according to the conditions: dry Cl at ord. temp, 
gives S.;Cl 2 ami CCl,; moist Cl, or MnO.. and 
HClAq, or other 01 producer, forms 
and CSCl^ (Kolbo, 45, 41); Cl and CS., 
passed throu^'n a hot tube give S.Ci.j and CCI 4 
(K.); Cl passed into boiling CS, containing a 
little I forms 8,01^, CC1„ and CSCL {Midler, C.J. 
15, 41); the same products result by action of 
ICl, (v. Weber, \V. A. B. 1806. 348; llannay, 

M 37,221).—6. Chlorides which readily give 


up chlorine react similarly to Cl : Mods 
SbCls give CCI 4 and SjCl,, SbCls also producing 
SbCl,S which separates into ^bCi, and S 
(Aronheim, B. 9,1788; Hofmann 7 il. 115, 264; 
Hu 8 emann<^. liff, 229); PCI, forms CSCl, 
(Carius, A. ri3, 193), or according to llathke 
{Z. 13,67) eJU^and PSCI 3 (at 100%—7. Bromine 
reacts in prt^sonce of I or SbBr,; 2 parts CS*, 
14 parts Br, and 3 pgrts I, heated to*150® in a 
closed tube form C13r4<(Bola3 a. Groves, B. 3, 
608; V also Berthfclot, A. Ch. [3] 63, 145), 
Hell a. Ureoh describe a compound CoSjBr^ 
obtained by slow action of Br and CS, and sub 
sequent distillation {B. 15, 273).—8. irafer, in 
presence of air, oxidises CS.^ slowly and partially 
to CO.,Aq and SO:,Aq (Berzelius); hooted to 150^ 
in a closed tube h’orn 3 to 4 hours, CO.,Aq and 
H,SAq are formed (Soh!agdenliaulT«i,./. Ph. [3] 
29, 4(il); evaporated in moist air a hydrate 
(?2Cy.,.If,0) is said to be formed (u. Properties)^ 
9. Warmed *viih sulphuric anhydride, COS, 
SO.,, and S, arc produc,{?d (Armstrong, B. 2,712). 
y). Mixed with Cu,rbo)i dioxide and passed 
tnrough a hot tube, or over hot Pt black, COS is 
produced (Winkler).—11. Passed through a hot 
tube with sulphuric ncw7,<JO, SO,, H.,S, and S 
are formed (W.).- 12 . Many metallic oxides 
when heated with CS., react to form sulphides, 
sometimes also carbonates (ychlagdoiihaulfen, 
J. Jdi. [3J 29, 401; Miiiler, P. 127, 401; Fremy, 
O'. R. 35, 27).— 13. Oxidising agents, e.g. KN.O 3 
or K.,Mii.,0„, gjtnerally produce CO, and H,SO,, 
somi'times CO, and n,S; As.,0;„ As,0.,, (and 
salt.^^ of thoscj) produce ^. 3 , 8 , (y. Schlagden- 
liauJ'fen, l.c. ; Cloilz a. Guignet, C. R. 46, 1110). 
14. Boric acid and Vorates react at red heat 
to form B,S,,—15. Sulphuretted hydrogen mixed 
with Cy, and passed over hot Cu produces CH,. 
16. Alhalis in *.queous solution fonn carbon- 
at(.‘s and thiocarbftinitos {v. TiiiocAiiBoNATKS, 
nmhir CAimo-sic acid, Ac.) ; alcoholic potash fo^ips 
K xaiiUui^ CJl.,O.Cy.yK. —17. Ammonia 
reacts wilh CS, probably to form Cy(RU.,)., and 
(NH,)';,Cy 3 (fiauront, ^1. Ch. [3J 22, 163; Zoute- 
ve<;n, C. C. 1870. 821); CS, and Nil, passed 
through a hot .ibe, or CS, Itcaie.d in* a closed 
tube with alcoholic NTfa, produce H,y and 
HONS; alcoholic Nil, at ord. temp, forms 
(Nir,)..CS.„ (NHJGNS, anacy.NH...yNll, (Debus, 
A. 73, 26; v. also Millon, J. Ph. [3J 38, 401; Ilof- 
maim, J. 1858. 332); NII^Aq form (Nn^).,Cy 3 Aq 
and NTT,.CNSAq. 

Coinhlnat^ms.—l. With many metallic sul¬ 
phides to form thiocarhonates {q. v.).—2. With 
various ammonia dermilivcs; e.g. NMej.CS,. 
H. With zinc ethyl and methyl to form 
ZiiRt!*,.Cy,# and ZnMe,.Cy.„ respectively. —4. 
Wiih\rielhfilphosphine to form PKta.CS,. 

- Sulphur, by heating fa at. glass 
liibo^Avith Na.COg and a little KNC'j, and esti¬ 
mating sulphates produced, asBaSO^. Carbon, 
by burning with Pl)Cr 04 as jn organic analyses. 

Deteefion and Estimation, —Small quantities 
of may be detected by adding alcoholic 
solution of potash, whereby K xanthate 
(CJfjO.Cy.SK) ik formed; on now adding so- 
luUon of a copper salt a yellow pp. is pro¬ 
duced /Vogel, A. 80,369). This reaction is 
apjiUnif to liquids, e.g. mustard oil, by distilling 
a little in a current of air into alcoholic potash; 
coal-gas may be tested by passing through 
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ftleoholio potasli. A very delicate reaction is to 
bring the CS, into contact vyth tEt, when a 
characteristic ^rmine-red compound, PRta.CS^, 
forms; it may oe crystallised^from ether. This 
reaction may also be applied Ihr tlm tstimation 
of CS 2 (Hofmann, B. 18, 1782). cSa is some¬ 
times determined, c.g. in xanlhates, Iv standard¬ 
ised CuSO,Aq (Grctc, B. 9, 921); thjiciubonatos 
may be coi^crted into the i'b salt (by ad<liliou 
of Pb acetate), and this #iay bo decomposed l)y 
boiling w4th water, and the OS. led into woIkIhmI 
bulbs containing alcoholic potash (Dolaclianal 
a. Mcrmet, B. 8 , 1192), ^ 

Carbgn, ealphochlorides of. 

I. Tiiio-CAnnoN\’L cnnoiiiDE. CSCI... Mol. w, 
114-G9. (70a). V.D 57*5. 

Fonnalion. —1, I3y reaction between Cl and 
CS.M—2. Bylitating CCl, with S.— 8 . By passing 
CCl^ and through a hot tube(Kolb(’,.l. -lo, 11 ; 
OariuB, A. 118, 198; Miiller, C. d. 15, 41; 
Gustavson, B, 3, 989). 

Preparation. —To dry CS. about *2 p.c. I is 
added and dry Cl is passed \n (a rcvcr.scd con-, 
denser being attac4icd) until the volume of 
liquid has increased by about 3 *,. Tlie whole is 
boiled with ^ater (toRemove S._.C1.); separatoii 
S is removed, water is separated, the liquid is 
distilled from the water-bath whereby (XI, and 
CS. distil over; the residue is then distilled till 
a thermometer in the liquid reaches 175"^; the 
distillate is fractionated, digested witli water to 
remove S...CI., dried, and fractionated. About 
820 g. CSCI 4 (u. infra) are thus obtained from 1 
kilo. CS.,; very finely divided silver (by reducing 
AgCl) is then added little by little (the ruiuid 
being kept cold) until tho whole of tlio liquid is 
soaked into tb silver; it is then distilled, tho 
distillate is shaken with water remove traces 
of S.Clj, dried, and fiaetionatct# (Rathko, 71.3, 
858). Tho reactions ai» (1) 2CS. l 501..=:-- 
2Ctt0l4 + S-Ab (2) CBOI 4 + 2Ag - 2AgCi -i- (ISGl... 

Propcr^es and lieaciions.—GohU .^roi], lim¬ 
pid, liquid; penetrating odour, roseirili’ng,that 
of COCl.^; fumes in air. Exposed to light and 
then to a low temperature, large colourU'ss 
crystals o*f a polymeridc, nCS( 8 ., sepanile; 
this body is uncbaT»gcd in airf melts at 112-5'’; 
is volatilised in steam ; at 180^ in a closed tube 
it gives CSCI 2 . 

II. TuioNvr. PEncnnoRiuR. CSCI, (Uathke, 

B. 3, 858). Prepared by action of Cl on CS. 
(l>. Tiiionyl ciiLuKinr., Preparation). A clear, 
golden-yellow liquid; vapour caus(^ free How of 
tears; B.P. U6'=’-147°; S.G. 1*712 at 12*8’. De¬ 
composed, slowly by moist air, quickly by Ji<’at- 
ing with water to 1G0^ to CO., llCl.Vq, and S. 
Heated to 200^^ is decomposed to ('(.)1,,^..C1 •and 
a little eSGJ.,. M. M.'P.^r. 

0A11B0#ATES t). Carbonic acid, CA^nox,uj;.s, 
and Tuio-carbonates. • 

CARBON TETEA-BROMIDE v. Tetka-uuomo- 

UXTHANE. • * 

DI-CARBON-TETRA-CARBOXYLIC ACID v. 

ETHYLBNB-TBTIU-CARnOXYLiqi ACID. • 

CARBONIC ACID, CARBONATES, AND 
THIO-CifliBONATES. • 

Carbonic acid. A solution of CO 2 in walj^r 
probably contains carbonic acid, H.COa 0 I’lie 
chief reasons for this statement arc ad follows. 
The mass of CO.^ dissolved by water at ordinary 
temperatures and small pressures (less than 


700 mm.) varies as the pressure. But at pres¬ 
sures of 2, 8, pr more atmospheres, the mass of 
CO 2 dissolved is less than that calculated by the 
law of Henry a. Dalton. Kbanikolf a. Lougai- 
nine (.1. Cli. [1] 11, 412) give these numbers:— 
P-pressure in mm., o^vol. of CCB (measured 
at 0^’ {ipd 700 mm.) dissolved by 1 vol. water 

I at :^out 15'^. ^ 


p. 

a. 

P. 


G9V71 

0*91U 


«8*l'n>4 

• 809*08 

1*1619 ! 

28<i!C0-2 

3-1857 

12.SJHI 

1*8617 

‘J'dj-O 

8 7152 

MG9-9r) 

2*1628 

278K-38 

4-0081 

2002-06 

•.^•9076 ; 

• 3109-51 

4-5006 

i Wlien the 

pressure is do 

-•roused to TlU 

mm. over 


^Yai^■l• satural*.4 with CG. at prissures greater 
than 7(‘0 mm. uuist of the i seapes, at first 
I rapidly, then slowly ; the last traces of CO. can 
be ronu)v<‘d to placing the w’ater i/i Ci/cuo, or by 
! long-coutinuod boiling. Magii'-sium rcacU with 
a solution in water of CO. to foviu MgCO., and 
Jl; tho ijuautity of H evolved is almost exactly 
that calculated on the liypotbrds that tlic re¬ 
action is I I,CO;,Aq -I- Mg - MgCO;, i 11. (Ballo, B. 

; 15, 3003). Water holding in solution Nii.CO., or 
! K.COj dissolves considerably more CO. than 
' pure water; NallGO., (or KllCO.,) is produced 
(Balio, I.C.). Mg reacts with aqiu-oiis solutions 
! of NaJlCO, or KllCO,, to form ^^gCO‘„ K. (or 
N'a,)(X).,, and H (Rulio, he.). .Vquroiis solu¬ 
tion of CO 2 turns bluo litmus wine-red, the blue 
colour returns on exposure to air; blue litmus 
i in j^outact with CO. at lucssures of 1'. to 2 
: atmospheres become^ .^rmiliou-retl (.Malaguti, 
A. ('ll. [81 37. 20(lf. When CO_. dissolves in 
! water, heat is produced; (CO’.Aq5,880 (T/i. 

I 1, 2G0). This solution reads thermally with 
^ alkalis as a dibasic acid ; thus (Tliom.iL-ii) — 

n [CO'Aq.jzNaOllAq] 

1 • 11*111 r, 

2 _ , .ao.OHi ^ 

j The thermal value of the*seeoml formula-weight 
! of MaOlI (9,0 Gh) is considerably less than that 
I of the first ( 11 , 010 ); in this respect carbonic 
acid bmiaves like sulphurous, sdenious, boric, 
acid, itc. (r. Acids, basicity oi). WJien moi.st 
^CO. reacts with KOH, K..,CO,, is obtained; 
from this a great many earbonates may bo 
formed, the coiiiposi'Ion of which is that of 
metallic derivatives of a dibasic acid ICCOa. 
Tho iiq eous solutions of <-arb(mates are docom- 
])i)Kr: , h)f aln-^.st jMI acids, not by HON^q or 
II.B.G.,Aq; ticncG the ajjinitu of carbonic acid • 
is small iv - Akiinity). But solubb^silicates are 
at once decomposofl ly CO,A<i, even in- 
: soluble silicat-s e.>,. of Ca, Al, «Ve. arc slowly 
dccoraposed by moist CT.V.. The sulphur ana- 
■ loguo of carbo '.ic acid - If.CSj -has been iso¬ 
lated. Einahy ’Various derivatives, both of 
j CU((.)II).. and C d 8 ll ).2 are known; vi/.. COCl.,, 

I j?COBr..)', CO(NH..).., COS, CSCI,., CS.NIL.SH, 

, i;S(NlL).,. * I . • ’ 

C,vKuoN.vTES. PJ(yr. \4iW carbonatcfi have the 
composition M,^CO.., or MCO,,. CerAin acid car- 
6 f;«afc*s, MflCO.,, have also been isolated; very 
few of these are known as ddinite solids, the 
- principal are when M “Na, K, NIl 4 (?Tl). Some 
insoluble normal carbonates, e.q. Ba, Mg, Fe, 
dissolve in water saturated with CO.; ft a 
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proBsare of 4 ^ 5 atmos. acid carbonates are 
probably formed. Many * basi^ ’ carbonates 
exist; these are most simply represented by the 
general formula «MO(or M,0a).2/C0a.sH5{0. A 
few double carbonates are also known, usually 
compounds of alkali carbonates with others, e.g. 
(NEdaCOa-MgCO,; K,f0,.NiC03.4H,0. Several 
ethereal carbonates me known, derived from 
the hypothetical ortJio-carbonic acid C( 0 H) 4 ; 
e.y. C(OPc )4 (^- Carbonic ethersI. 

Fonnaiion. —1. lly reaction between metallic 
oxides or hydroxides and COj in presence of 
water; the oxides which act as weak bases, 
AljOj, Ac., da not combine with 00^. 
when dry.—2. By pipi. from soliftions of salts 
by alkali carbonate solutions ; only the salts of 
BaO, BrO, CaO, AkP. and Ugft, yield normiLl 
carbonates; other salts give basic carbonates 
containing less CO^,relatively to MO,tlic w<‘akcr 
XB the oxide MO, and the wannfr and more 
dilute is tlxe solution ; salts of sucli weak bases 
as Fe^Og, Al-^Og, and SnO, give pps. of liydrates 
free from COg. — 3. By strongly heating the 
alkali or alkaline earth salts of organic acids. — 
4. In some cases by reaction between CO.^q ' 
and a metal; c.g. Mg, Fe, Zn. 

Solubility in wafer. —Carbonates of Na. K, 
Rb, and Cs, are easily soluble in water; car¬ 
bonates of Li and Tl are much less soluble; 
other carbonates are nearly, or quite, insoluble. 
All carbonates are soluble, to some extent, in 
water in which CO.^ has been dissolved. All, 
except those of NII^, Itb, and Cs, arc insoluble 
in alcohol. . « 

lieactions. —1. All ^rbonates, except tboso 
of the fixed alkalis, arc wl4')lly or partially de¬ 
composed by heat alone; BaCOg begins to 
decompose only at a full white heat, SrCO;, at 
beginning white heat, and CaCOg at full n d 
heat; Ag.COg gives up COg at 200"^, and at 250'^ 
the AggO gives off © and loaves Ag; MnCOj 
heated to 200°-300° in ay* gives MnO^and CO^.— 
2 . Ileated^n steam ajj carhor.atcs arc decom- 
pbsed to hydrates and COg (v. Rose, 1\ Bo, 
yO a. 279).—3. Carbonates are decomposed by 
a.qucoiis solutions of most aculs at oiNlinary 
temperatures with evolution of CO.^; vIONAq 
and Hj 5 B 204 Aq, however, do not decompose car¬ 
bonates.—4. Solid carbonates arc docomposotj 
by heating with solid hvricaevh silica, iwlassium 
dichroniate., and some other salts. Sulphuretted 
hydrogen reacts with many insoluble carbonates 
.suspended in water, e.g. of Sr, Ba, Ca, Zn, Mg, Jji, 
to f^rm sulphidc.s and CO._j; 11^5 cllVtnge pro- 
** ceeds the furtber the more watfr is present 
(Naudin a. Kiontliolon, C. It. 83, 58).—6. The 
more stable carbonates when heated ivith carbon 
give CO.—0. Alkali ci^rbonates healed in phoS’ 
phorus • vapour give phosphates and 0.— 
/. Aqueous solutions of acid carbonates do not 
usually affect the colour of lithnns ; they give an 
alkaline reaction with rosoHc acid. ^ 

Detection and Edhnaiiyn. —Usually detcctet} 
by decompeeing bymry.cid and examining actiop 
of gas evolved on CtfjtAq. Usually estimated 
by decompif^ing weighed quantity by acid and 
determining CO 2 by loss. 

Alutninium carbonate. Existence doubtful. 
Fp. produce^ by alkaline carbonates witli A1 
Balts variously formulated as a highly hydrated 
b&Slo carbonate (Muspratt, C. J. 2, 200 ; Laog- 


lois,* A. Ch. [3] 48, 502 ; Wallace, 0. OdwetUt 
1858. 410); as sl compound of Al^O^jH, and t 
small quantity the carbonate employed, 
AyHO)a + 2 NH 4 HCO, (Rose. I*. 41. 462); 
and as pufo^d^O^u^ (Barratt, C. J. 13,190). By 
Wibain and uonoul the pp, in the cold is said to 
bo 2 Al 203 .CP) 2 . 8 H 20 and to decompose about 30® 
(C. if. 88 , k33) (u. also H. Rose, P. 91, 4G0; 
Parkmann, Am. S. 68 ] 34, 824). • 

Ammonium carbonqtes. Three definite salts 
seem to exist, the normal, the acid, and^ the scs- 
qui, carbonate (Divers, 0. J. [2] 8, 171). The 
last is sometime^s regarded as a compound of the 
first and second (Devftlo, C. H. 34, 880]j^ Divers 
considers the compositions of the three salts to 
be: 4 

Konnal carbonate, 2 C 0 ;;. 4 NH.,. 4 H 20 . 

Sesquicarborate, 3 C 0 .j. 4 NHj. 4 Jt 2 O. 

Acid carbonate, 4 C 0 ;. 4 NUa. 4 H 20 . 

Rose’s hyperacid carbonate may be the fourth 
term of tliisSeries. 

I. Normal carbonate (NH 4 ).U 0 s.II^ 0 . Pre- 
i^parcd (1) by aihling^'cxcoss of NH;,Aq to a warm 
‘ cone, solution of the commercial carbonate; ( 2 ) 

by warming water with the ordinary carbonate, 
and allowing solution to* cool and crystallise; 
after this has been done repeatedly the cold 
mother liquor from the last crop of crystals 
deposits normal carbonate. Large elongated 
plates, freely soluble in water, insol. alcohol, 
sparingly sol. NFIaAq. Decomposes in aiv tc 
NlljIICt);,, with evolution of NII 3 , and at 85° to 
NH.„ GOj, and JLO. Is converted into carbam¬ 
ate by digestion in closed vessel at 20°-25'’. 

II. Acid carb()7iate NII,.IICO;,. Occurs in 

guano-deposits (Ulc 3 ^, A. 01, 4-1). Prepared by 
saturating NH;,Aq, or solution of MU, sesqui- 
earbonate, witli CO.., and drying overH..SO 4 and 
KOIL H. (10°) 15-85; (20°) 21; 

(30°) 27 (Dibbits, [2] 10, 417). This is 

the stable salt to which the other NH 4 caej^on* 
ates are/converted. Large, transpajpnt, trime¬ 
tric cr^.*:tals. Dimorphous, but never isomor- 
phous witli KlICO., (Dovillc). [Solution at 30" 

i evolves CO.; even at ordinary temperature un¬ 
stable in solution. 

III. Sesquicarbonatf: 
(NH 4 )i.C 03 . 2 NH 4 HC 0 :,. By slowly healing the 
commercial salt till melted and then cooling; 
or crystallises from warm Boluliou of the same 
salt mixed wHh NIlaAq. Large transparent 
crystals, losing H .,0 and NHj in air and 
giving NH.rtCO:,. B. (13°) 25 ; (IT") 30; (32‘>) 
37; (41°) 40; (40°) 50 (BerzoUus). Solution 
easily decomi.oses with evolution of CO^. 

Another carhonate—(Nil,),CO.,—appears to 
exisA in the niothor-licpior from the preparation 
of the se.squieai'bonate (Divers). Tlie commer¬ 
cial carhnate is probably 3 Nri 3 . 2 OT,.H.p. It 
gcijcrally contains 1 p.c. IlD in o.cess of this 
formula, and a little ammonia. Prepared 
( 1 ) by dry distillWion oi^ animal matter and 
subseqifent qmrification by rcdistillation with 
elfareoal; (2) by h(t>,ting to redness NH,C1 an^ 
CuCO, in retort with receiver. The Srst JTO- 
ducta are n.O ffud Nil, carbamate, subsequent 
distillation produces the commercial carbonate. 
A white, transparent, fibrous mass, with strong 
ammoniscal smell, volatile, but not without 
some decomposition. Solution strongly alka¬ 
line. 
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Barlua «arbenat*. BaCO,. By idding 
(NHJjCO^q to BaOljAq qf Ba(NO,,)jAqj or 
Ba,CO^qt<uBaSAq; or (fcnpure) by strongly 
beating a mixture of RjiSO,, charcoal, and 
K.^CO„ and extracting th§ Kj%fbrmed with 
water, leaving BaCO,. 8 . = 0; m water satu¬ 
rated with CO, at 4 to 6 atraos. piwsure 8 ='75. 
The salt remains in solution at jlrdinnr^ pres¬ 
sure, hurts completely ppd. on boiling (Waging, 
/. pr. 102,233; J. 186% 135). Bound native as 
WitluAle, This mineral eaii be obtained avti- 
(icially from amorphous BaCO., by crystallising 
from fused KCl and NaCl (Bigirgeoia, J^l. [2j 37, 
447). , A soft white poisonous powfler, easily 
soluble in solution of NH^Cl, NlIiNO^, or am¬ 
monium sisccinate. Above red licat in presence 
of 0 it yields I3aO and CO^. Doctmiposed at red 
heat by aqlioons vapour especially in prosonco 
of chalk. Yields l?aSO^ when shaken with 
K 2 SO 4 or Na.^SO^Aq, an I is coin^^lctoly decom¬ 
posed by boiling witli NII^ClAq. 

Barium acid carhmht\ 2BaCO:,.CO.,, do. 
scribed by Boussingaull Ch. [2] 22, 2^^) 
but Hose thinks ilfcannot exist except in solu¬ 
tion. • 

Beryllitiia carbetats. A compound of vari¬ 
able composition is obtained by exposing 
Be{HO).j to air, ppg. beryllium salts with alka¬ 
line carbonates, or boiling solution of double 
Be-NH 4 carbonate. The composition of pp. by 
last method is 6 BeO.CO 2 . 6 n.jO (tSohalTgolscl»). 
Decomposed by boiling water, soluble in alkaline 
carbonates. The salt BcCO^.-llLO is obtained 
by passing CO.j through water containing basic 
salt in suspension and evaporating over Il^SO^ 
in atmosphere of COj. 

Bcryltiv n, anwiouinm carbonate. 
2 (BeCd 2 /Nn,).jCO,).Bo(IIO) 2 H.jO. By dissolv- 
iog BeO in cone. AmoCO:,Aq ad^gentle heat, then 
boiling till solution bec#»'i03 cloudy, Altering, 
a«id adding cone, alcohol; crystals are drained, 
washed alcohol, and dried by 'JiTCHsing be¬ 
tween paper (Humpidge, Pr. 32, l simi¬ 

lar method Deville {A. Gh. [3[ 41, 5) ontained 
a salt of formula 3 (BoC 03 .(NlI,).jCO.,).Bf‘(IIO )2 
soluble in cold, and decomposed by hot, water. 

Bismuth carbonate. BijOj-t’O., (Berzelius) 
a white pp. obtained by dro])ping a solu¬ 
tion of BiSNO;, into an alkaline carl)oriate^ 
According to Lefort this pp. contains i H-O , 
evolved at 100®. Heated strongly yields I 
Bi 203 . 3 (ni 0 ) 2 C 02 . 2 Bi 0 JL,. 3 H.. 0 . ^Occurs native I 
as Bismuthite in Bouth Carolina.* I 

Cadmium carbonate. CdCOj(?) Occurs native 
with ZnCO.,. By ppg. solution of a cadmium 
,*.alt with (NH,).jC 03 Aq. The white iip. is said 
to contain water, which is lost at 80'’-«20 ' 7 and at 
a higher ^mp. to lose CO., and leave C<rO (Le¬ 
fort, IT. 1\ L3] 12, 78); Hose (7^ s0»301) says 
pp. is n^ly represented by CdCO;,. ^loist 
Cd(HO )2 absorbs CO.j and at 300® loses all its 
water, leaving 2 CdU.CdC 03 ? 

Caesium carbonate CsXOj. S. alcof^ol(12®)»* 
-'.ll’l. Ill-defined hydrate^ deliquescent cr^talsi 
separate from a syrupy solution. On ir^lting 
these leave Ca.jCO, as powder. Acid 

carbonate, C 8 .H.CO 2 , crystallises from a<|pe- 
ous solutions in large prisms. • 

Calcium carbonate. CaCO,. S.{coTd)=**0024*; 
(100®) *1*13 (Freseniue, A. 69, 117); S. (0® in 
water saturated with 00^)='07, (10'-')-*0BS 


(Lassaigne, J,Chem. Med. 1848. 812; Sohlce- 
sing, 0. J. [2] 10,788). 

Oce«n'ence.—Native; in rhombohedra (hexa- 
gonall as calcspar, S.G. 2*69-2-75; and in right 
rhombic prisms (trira'jtric), S.G. 2*92-3*28, as 
arragonite ; also abundantly as chalk, limestone, 
&c. Conned when hydrated or anhydrous CaO 
is exposed to moist »r; but not by action of. 
CO.j on dry CaO. 

^irparaiioiu — 1. By* ppg. CijvClA.q by 
*(NH 4 ).jC 03 Aq. From not too dilute solutions 
below 30', it is ppd. entirely as calcspar; 
above 30® the pp. conlains arragonite, in 
gradually increasing quantity as the temp, risdb, 

! until about 90’ tlie pp. m almost entirely arra¬ 
gonite. CaCOj, which sejiarales as calcspar 
from a cold, %ot too diluti*,,solution of the acid 
. carbonate, is df'positod partly in ai ragonitic form 
on adfUtion of a very little I’bCOs, CaSO^, or 
SrSO, (Crwlner,/./. 1H71. 288). The 

arrugonilc tends to change to calcspar form if 
l(‘ft under cold solution. Can be obtained in 
form of calcite from ppd. carbonate by crystal¬ 
lising from fused NaCl and KCl (Bourgeois, Jil, 

[2J 37, '117). 

}*ropfrlics and Ilearfions. —Tasteless, white, 
slightly alkaline; easily sohible, when recently 
I iqxi., and to a certain exlmt even when it 
, becomes cryslalliuc, in aqiK'ous solutions of 
; (NII,).DOa, NJIjCl, Nil,.NO;,, and ammonium 
i succinate. Tliose salts, therefore, prevent com- 
! plete ppn. of calcium as carbonate. At full red 
heat is decomposed into CO.j and CaO. Temp, 
ofc decon>])osition is lowered by passing air or 
steam over the CaCO.,. In closed tube fuses 
to marble-1 d:e einistance. Boiling ammonium 
chloride solution decomposes CaCOs forming 
CaCU and (NHd/JOj. Sulphur decomposes 
I CaCOg forming CaSO, without previous forma- 
i tion of H..H (ro<lacci, G. 1874. 177). The 
sulphur is oxidised af ox])ense 0 I oxygen of 
water (l-.iigjiatelli I’ellogglo, G. 1874. 636), 
and the fornratidn of ijilpliuric a<td is preceded 
by tliat of ponla- and tetra-thionic (tcids 
(Bcllucci, S. 1874. 179). A salt of the formula 
Caf'L2CaCO,.G11..0 was obtained by Pelouze 
(7i/. ft] 3, 183). 

Hydrates: above 30® CaCOj is ppd,; below 
30® hydi ates are formed containing amounts of 
wafer (10-27 p.c.) which vary with the temp, 
and time ocou])io<l in. ppn. From a solution of 
lime in sii'Tar-water cooled to 0®-2'’, a hydrate 
CiiC''’V,. 0 Il 26 , decompoi-cd at 30®, is obtained; 
w'lile Itie sr.sne sfllution at a little higl^£r temp. 
yifddsCaf^;,. .Gll jOcrystallising in rhombohedra, 
S.G. 1*783, dccom|) 0 ;-'.< (l above even in water 
(I’elouzo, Jil. [2] b. IK]). Snnu! hydrate found 
by Sclioercr (P. i.8, 38.^) and llnmiindsberg (7?. 4, • 
409). A g'datinoujehydratc formed by action of 
CO., on Cal) ind water is described by Bondon- 
noau {in. “2; 23|100). 

Aci({^carbonatc Can 2 (CO,)..(?) is known 
only in solution; obtained bypassing CO, into 
cold water containing^u*{>ended*CaCOj. De¬ 
composed with sep rikdbn of CaCOj on exposure 
to air, or more quickly on boiling^ 

Basic carbonate 2Ca0.C02. Obtained 
from CaCO, at a moderate red heat. Hardens 
by action of w^ater, forming, CaCOj.CaO,!!,, 
which is also produced by exposing CaO to 
moist air. This hydrate gives 2Ca0.C02%t low 



red heat, and at stis^g fed beat'givM off'OOg temp/(Weibel, 7 . fUr Mhieral. 1873. 245). 
and H^O (Fuchs, P. 57, COl).* ... , » *V Crystallised Cu(NC^).^ heated with CuCO, under 
Cerium carbonate !^6ej{C0;,)^H^0 by ex- a pressure of 54 aSnospheres yieMs orystalline 
posing Ce^Oj to air or by ppn. powder, warty mass of asurite 0ebray). ^ 

partially converted oh heating strongly in air Double mlisj^ Potassic-cupric carbmaU 
into Ce.Pg. 5CUO.K2O.CO2.IOH8O. A dark-blue silky mass, 

Chromous carbonate OrCO;,. An amorj;)hous obtained by tdding Cu(NOa)2 to KIICO,. 
greyish-white substancoj'prepared by Jieating a Sodic-cit^ic carbonate CuNu8.{C03).2.6H80. 
chromous salt with NaXO^^Aq out of contact By action or NalitJPj on CuCOa.CTiOjHa at 
with tire ajf (Moissap, A. Ch. [5] 25, 401)^. t. 40^-50“^. Rhombic prisons. 

Cobalt carbonate CoCO.^. By heating CoCl^, Cupraminoniwn ^ carbonate (NHa)|Cu.COj. 
with CaCO, to 150*^111 sealed tube for 18 lirs., Oblaincd as dark-blue crystals by dissolving 
or by dccqniposing CoCl. with a solution of basic carbonate of copper in Am^CO^ and pouring 
NaTlCOa supersaturated, with CO.^ and heated to solution nito alcolTbl. Water decomposes it into 
140® in a strong Yesse^ allowing sl<>.v escape of Ain^COa and CaCO;,.CuO.Cu(IIO)2 {Favre,^2Vnif<^ 
CO.J. Light, rose-coloured, sandy powder; micro- dc Chem. par Pelouzo et Fr6my). Also formed 
Bcoinc rhombolifidra; not attacked by acids in when CuO or Cu is digested in NII^Aq with access 
the cold (Scnarmon*t, A. Ch, [3] 30,121)). of air. • 

Hydrated carbonates and double Didymium carbonate. DL(C03)s. A red 
salts are formed on adding cobalt ^lutions to crystalline powder obtained by passing CO^ into 
alkaline carbonates. Hot or cold, not too dilute, water containing suspoulcd BiOallj. A hy- 
solutions yield a rose-coloured j>p., which dried drated carbonate is o^ained, as a very slightly 
at 100'^ is 2CoC().,.3Co(li())._j (Sotterherg, P. rose-coloured pp., adding an alkaline car- 

11), 55; Winkelblecii, A. 13, 118; Rose, ib 'uL bonato to solution of a Di •salt. Loses § H^O 

80, 237). Boiling water partially converts it and a little CO., at 100®«(>Iarignac). 
into Co-P, (Field, C. J. 14, 50); digest(/d with Indium carbonate. In53d(),,. White, gcla- 
NaHCO, or (NU.,)IlCO;,Aq yields 3CoCO-,.ll.p tinous pp., soluble in (NfTj.^CO;,A(|, and ppd. on 
(Bovillc, A. Ch. [3] 33, 75). Hot very dilute boiling; insoluble in solution of fixed alkali 
solutions yicbl blue CoCO;,2Co(UO).piq. Healed carbonat(?s (Winkler, J. pr. 94, 1). 
above 150® botli pps, give off H...0 and CO2, Iron carbonates. Ferric carbonate docs not 
yielding Co.jOs (Rose). appear to exist (Onicdin; Soubeirau, .d. CA. f2] 

Cobalt-poUissiuni carlMinatc 41, 32(5). Double salts of ferrienm and alkaline 

(CoKH)(C 03)8.4II.D. Rose-coloured crystals, carbonates ap])ear to exist in solution, as the 

prepared by action of excess of KilCOaAq on i)p. of ferric hy4lrute obtained by cone, alka- 

Co(N 03)8 or CoSOjAq. ^leeomposcd by water line carbonate solutions gradually rcdissolvcs, 
(Rose; Dcvillo). Devill<4, also obtained whereas pure well-wj^^hcd does not 

CoK.^(CO.,)8.4il..,0. dissolve in these solutions. 

Cobalt-sodimn carbonate CoNa.(CO.,).„4ILO. F’e^rons car6onn/e, .FeCO.„ occurs abundantly 
Prismatic, and CoNa._.(C03).^.l()H._.0 dark red, as spathic ore. t-Preparod by iiictliods similar 
crystals; obtained together by iho judion of to tlujso desei ibed fgr C0CO3 {p '(’•)• L- a 
Co2N03Aq on solution#of sesquiearbonute i gr<‘.visli-whi(e crystalline solid, composed ^f 
(Dovillc). j minuto rlijMiibohedra; scarcely atl^ked by 

Copper carbonate. Unfinowmcxccpt in sola- ; dilute a/ nearly unchanged in d^ air. It 
tiont Obtained by dislfl’dving the ppl. basic , is dailvcr and less altorablo the higher the 
carbonate in CO.Aq at 4-0 atmospheres pressure loinpcrature at which it has been formed, and 
(Wagner, J.pr. i02, 233). the longer itlnu. been healed (Senarmofit, A.Ch. 

Hydrated basic carbonates. ^ [3J 30,129). Spatlnc ironstov.c dissolves under 

CuCOa.CuO^IL occurs native as Pro- presyurc in water saturated with CO.^ (S. = *72), 

pared by ppg. a cupric salt with an alkaline and is deposited us a black amorphous pp. on 
carbonate. The pp. at first is greenish blue, 'boiling (Wagner, J. 1807, 135). 
and is said to contain 1 mol. H.X); left in con- Hydrated ferrous carbonate^ FeCOj.HoO, 
tact with liquid and washed it lias above com- 1 occurs native. Amorphous, white, earthy, little 
position and is dark green. Heated to 200® altered in air,Scarcely decomposed by acids at 
yields malachite. Boiled wifcli wjj^er it yields ordinary temjis. (Moissan, C. U. 59, 238). The 
€0.^ anti CuO (11. Rose; Field, C. •/. 14, 71). hydrate obtained by ppg. solution of a ferrous 
Digested withr (NIId-jCOsAq at 48-8® it is con- salt with an alkaline carbonate rapidly docora- 
verted into CuCO.,.5CuO, a dense black powder, j iioseson exposure *0 air. It can bo obtained 
which is also obtained by prolonged boiling fairly |mre, as a greenish tasteless nowder, by 
CuSOjAq with AmJI.^fCO^Ij, filtering fi(nn ; ppg. forri|j-freo ferrous sulphate wiSDi normal 
CuCOs.Cu(HO).,., and adding more CuSO, (Field). ^ or acjd alkaline carbonates. The smts are dis- 
Digested with Na.COs yields Ci|C0.,.7Cu0.5n.0. | solved in dc-aiirated water, the pp. washed by 
The basic salt 2CuCO:,.QutHOL occurs 1 decantation out of contact.with air, and dried 
native as asurite in blue monoclinic* crystals. ! in COo. H dry it is fairly permanent; if moist 
Boiled with \Mater yi^ld^CuO and evolves CO.^. Pit gt/es off IID am^ COj; but if mixed with 
With hot NallCOa yieddf blue solution which j sugar the change is less rapid, 
after protract^l boiling, deposits CuCOs.CuOoHj I h%rrousdiydro^i.n carbonate. Solution of 
(Field). Prepared artificially by secret process I CO^ dissolves FeCOj and Fo; the latter with 
(Phillips, A. Oh. [2] % 44), Astirite can be j evolutiop of H. 

formed from malachite at ordinary temps, by I . Lanthanum carbonates. La8(C03),.8H80. 
addition of COjand abstraction of II .O in pre-1 Found native as Lanihanite in four-sided 
fiCDoetof a dehydrating agent and CO, at high ! plates or minute tables of the trimetrio system. 




The carbonate obtained by ppn. fornis a white* 
gelatinous mass which changes to shining 
crystalline segues. 2La,(COsf3.15H.,6; ppd. by 
Na^COgAq from La,3^0,Aia, and dried ^ 
ordinary temperature. Micibeouftscalcs with 
silky lustre (Hermann, J. pr. 82, 

Lead oaroonate. PbCO». Occiws native in 
trimetric crystals as white lead orf or ccrimte. 
Has also Seen found on l^ronze objects from 
Pompeii (Luca, C. li. 8#, 1457). Prepared by 
ppg. Pb(^03),jAq with excf*58 of alkaline car¬ 
bonates in the cold (Berzelius; Lefort, J. Fh'. 
[3] 15, 2C). According to B^so {A. 80, 235) 
these i^s. are all hydrocarbouates, tlio ratio 
of hydrate to carbonate increasing with the 
temp, and dilution of the solutions. Bodies q( 
the same composition are formed by direct 
action of COf on Pb{IIO)^, but dilfer in being 
amorphous and opaque, instead of consisting of 
minute transparent crystalline grains. 

White lead is a hydrocarbouate present¬ 
ing varieties of compcl^ij^n re])rei>ented by 

(1) 2PbC0,.Pl>0,.II.,; (2r 5PbCOa.3Pb().jr., « 

(3) 3PbCO,.rb()..H.r (Mulder, A. 33, 212) ; 

(4) 6PbC03.Pb(),H/ (Phfllips, C, J. 4, Kin). 
Prepared hf (1) Dutch victJuxl, Thin lesid 
sheets are placed over gallipots containing 
weak acetic aciil (2\p.c.); the pots are em¬ 
bedded in fermenting tan at a temp, of ()0 °-(j 5'^. 
The metal disappears in a few weeks. Oxide 
of dead is first formed, and dissolved by tlie 
acetic acid, forming a basic acetate, and this 
is decomposed by the CO;, evolved from the tan. 

(2) PbO is mixed with water and about 1 p.c. 

of Pb acetate, and CO^ is passed over it. 
Pb(N03)M; has been used instead of acelatc. 
Nearly inso!. i i sat. CO.jAq even under pressure 
(Wagner). The ppd. carhona'e has S. — *05 in 
sat. CO.Aq. ^ 

Lead - sodium carbonari. 4PbC0.,.Na;.C03 
(Berzelius, P. 47, 193). 

Lead-c ■M,™ ■carbonate. A conqx.^^ of tl'c 
chloride and carbonate of load is uliSHii^d us 
a pp. by tVio action of CO., under i)re8siiro on 
PbCl, (Miller, C. J. [2] 8, 37'). 

Lithium carbonate. Li .COa. S. (0°) -1 r*;*'.!; 
(60'") = 1-181; (lOO*) --728* (Bevade, Bl. [2J 13, 
123). Found in many mineral waters. Ihe- 
pared by dissolving an excess of (NHJ.XIO., iji 
cono. LiClAq, and washing resulting pp. with 
alcohol, or by strongly heating Li acetate. 
Not decomposed by heat. Melts at low rod 
heat,^ and solidifies to a vitremis mass on 
cooling. The solution is alkaline and d<!oom- 
poses NH, salts, but is decomposc'd by Ba(UO);; 
and Ca(J10)2. By slow evaporation the solution 
deposits salt in small prisms. Waton.-atuVaiod 
with CO3 dissolves it more readily tl»un*puic 
water.* C • 

Uagnesmm carbonate. MgCO;,. Occurs 
uativo as maj/i/csife, in rhomboh< dral crystals 
isomorplious witli cakspar ; infusible; dissolves 
slowly in acids. Prepared (1) By sus])o*riding in 
water the washed pp. obtaj^ed by addir g s61u- 
tion of an alkaline carbonate to solution of Mg 
salt (which always containB*^gO JIJ, passing 
COj through the liquid tillpn. is dissolveil, aud 
evaporating by heat (Hose, P. 42, 3(>0); J2) By 
heating MgSO^Aq with Na.^CO,Aq to in a. 
sealed tube; (3) By inclosing a soluble Mg salt 
with an alkaline-hydrogen carbonate, super- 


vessel oiosea oy 

H; oiWK tfirtfugh.whi^theCOa can slowly escape 
tSeharmontr^&Z(.'*28,^3); (4) By oarcfuUy 
heating MgG 03 *!KHG 03 .4hq 200 ^, and extract¬ 
ing* with water (Engel, Bl. [2] 44, 355). A 
white crystalline powder, ismorphous with 
arragoi^to by method ( 11 ; obtained in rhombo- 
•hedra by (3); isodimorjdwus with CaCOa. When 
moist it is alkaline to litmus. CaSO,Aq par¬ 
tial lytd^coniposos it,,espoci;ilIy in prgsei^c of 
•^'iCiAq (Fleischer, th 7 )r. i 2] 0,273). Soluble 
in cold solutions oT alkalino borates, ppd. on 
heating, but rodissolvi'd on cooling (JVitIstein, 
'.Ar. Ph.[ii] 0,40). (a) MgCO,,3lI.,0.‘* 

I Hexagonal ^frisms ohtaiwetl l\y s])ontaneoua 
j evapuraliim of a solution of ^^gC()., in excess of 
, CO Aq. Tl»c}^oso wuitu’ in <hy air but retain 
their form, {fi) MgCO.,.511.0. Transparent 

oblique prismatic crystals obtained by exposure 
of above sd^ution at a low triii]). Couvertod 
into (a) by exposure to air .Vc. Boiled, they 
Yield 4MgCO,. MglLO .Jaq (Fritzsclu?; v. also 
Engel, C.It. 101, 814). 

II ydrocarbonates. As in the case of lead, 
the composition of pp. formed hy adding an alka¬ 
line carllt^natc to solution of a Mg salt <l('peud 3 
on i)ro]>ortionB,strength, and lenii)., of solutions. 
A variable mixture of hydrocarhonates is known 
an vtaipirsia alba ; (a) 4MgCO,.MglLO.M laq; a 
whiti! granular powder (for pre))ai ation v. Hose, 
A. 80, 231). (/3) 3MgCO.,.Mg{UO)... 3aq, occurs 
native as JnjdrooKnjncsite in .small white mono¬ 
clinic crystals (Dana). Brepared artificially 
(I5(;^v.eliu8, Fritzsche) is a while, slightly 
soluble powder forming alkaline solutions. 
Dried at lO't" iry air it vieltls a (Hose). 
( 7 ) 3Mg0.2C().,. 3aq(?) (Frilzsehe, P. 37, .510). 
Denied by Hose. 

Ma<jiii‘fiiumhi/dro<jr.n cai bouata. Mg.H._,(C();<).j 
(Soubeirat\). Obtained by shaking uj) imuincsia 
alhii. with COoAq. Ti»e nol. bus a latter taste 
and alkaline laaciion* heconics turbid at 75° 
but clears on C'*jilng. lleatod to SO', or eva¬ 
porated in iHti no, it yieiUs hydrate o (u. svr^) 
(BfV/.elius ; Fritzsche). 

M'lanesimu-ainmoiiium carbonate. 
Mg.(N#l,),(C 03 ) 2 . 41 I, 0 . TransluccjU rliombo- 
hedra, from a nuxture of cold MgCk.Aq, or 
MgSO,,Aq, and Nil, sos<piicarbonate solution. 

Mii(jncsiu7it • 2falassiain carbonates: ( 1 ) 
Mg(K]i).(0();,).M-laq. In large crystals from cold 
aqueous mixture of MgCl^ or Mg(NO;,i_, with 
cxcesv of KIICO;,. The crystals at 100" become 
opa ,ue, And Hse. wvitr^. D{;com))ose(l by' water, 
h-.aving a <^'csidue bMgCO,.Mgl W);,. Ciaq** (Ber- 
/«rlius); also obtained in oblique rh* mbic prisms 
(Deville, A. Ch. 33, 75); (2) MgK ,((;Oy)., laq by 
digesting jiwancsi*. liba at bO"-7f)'" for 12 to 15 
hours with KIICO;,Aq (lleville, f.c.). 

Magnesiuii svflium carbonate MgNa/COs)^. 
Preiaircd in aiihy|hous microscopic crystals as 
the corrcsoomli’ig K salt. 

1^ On soiubijity of MgCO, in CO.Aq under 
I pressure v. ^ferkcl {J, 18<iil. 130) And Wagner 
(/. pr. 102 , 233). Ou^fjlubility of MgCO, and 
CaCO, in solutions of calcium anA magnesium 
salts, and the reactions of dolomite or gypsum 
and m.agnesite in presence of water containing 
CO 2 V . Hunt (Am. S. [2] 42, 49). For reactions 
of basic MgCO, and gypsum with CO..Aq 
Gossnuiun (Am. S. [2] 42, 217, 308). 
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CARBONATES. 


tfaagftneit earboBate. MnCO,. S. water- 
*018; aqueous CO^ - '028 (John). 'Occurs native 
AS diallogite^ in rhombohedral crystals, isomor* 
phoua with calcite. Prepared by heating 
MnCljAq in sealed tubes to 160° with ' 

or to 140°-170° with CaCO, for 12 to 48 hours 
{Senarmont, G. li. 28, 693). 2MnCO/.HaO is 
obtained by drying ir^vacuo the pp. formed by 
alkqHne carbonates with manganous salts {G^n. 
4, 2H; Prior, I'V.dSOO. 428). Dried inl .irpp. 
oontalns MhjO,. Equivalent quantities of 
Na,COa and MnCl, yield 6MnC0,.2MnH,0, 
^{Kose, Ai 80, 2.35). MnCO, is a fine amorphous 
faintly rose-coloured q)o\vdcr. The hydrate is 
snow-white and Ifastolcss. Anhydrous or 
hydrated the ^ salt is pcrmaiicjit at ordinary 
temps. Heated redness iir air it yields 
MUjO^. Strongly heated in H it yields MnOj. 
In chlorine it gives dMnCOa + CLa* 
MnCla + Mn^O, + 400;. (Wolilcr). Olorine water, 
or calcium hypochlorite solution, converts it first 
into Mn-jO^, and then into MnO.^. Solutions of 
ammoniacal salts dissolve it when freshly ppd. ^ 

Mercury carbonates. Mercuric, carbonate 
unknown. Neutral or acid carbonate^ of K or 
Na yield brown red pps. 2Hg0.ngC03 (Setter- 
berg, P. 19, CO). Mercuric chloride yields an 
oxychloride. 

Mercurous carboncite. HgoCOj. A black or 
yellow powder. ITg2N03Aq is mixed with slight 
excess of Na(orK}HCOaAq; tho mixture is set 
aside for a few days and frequently stirred, and 
the pp. then washed quickly, and dried ovorH^SO^ 
in vacuo (Selterbcrg.'f.c.). Easily loses Oo^; 
is converted into IlgO by exposure to air; 
blackened by alkalis witu separation of llg 
{Gw. 6,15). 

Kickel carbonate. NiCO,. For preparation, 
V. CoB.u-T CAiinoNATE. It 18 a greenish-white 
powder in ininuto ;;hopibohcdra scarcely at¬ 
tacked by strong acids at ordinary temperatures. 

Hydrt carbonates: « 

•{J) NiC03.2NiH.p...4j?i20. Occurs native as 
emerald nickel (Silliman, Ain. S. (2J 6 , 218; 
Shepard, tftiVf. 2.50). (2) 2NiCOa.3Njir 0.^.4H,0 
is the pp. obtained from cold NiSOfAq and 
Na^COsAq, when dried at 100°. Doiled with 
water takes up water and loses CO... Heated 
above 100° in air gives oil water and CO.^, and 
is partly converted into Ni.Oa (Uose, .4. 80, 
237). Not altered by digestion at 00°-70° witli 
NaHCO^Aq (Deville). Tho pps. produced by 
alkaline carbonates in sohKionsv of nickel salts 
vary with to; eperaturo, strength, and proportions, 
of Bolutions'employed. 

Kickel'iiotasmini carbonates : 

(1) NiK..(CO ,).,.4II..(); shining apple-green micro¬ 
scopic needles. (2) NiKH.(CO.,).,.4U.,0 : light- 
green, apparently oblique rhombic jirisms. Ob¬ 
tained similarly to corresponding cobalt salts : 
(Deville). ^ 

Nickelsodium carbonate^ * 

NiNa.j(CO3);.101LO is obtained like the cebt^i 
salt, in small prisma i^ville). 

Falladi^ carbonate. A light yellow pp. is 
formed by adding solution of an alkaline car- 
tionato to a solution of a Pd salt. No CO,} is 
Avolvcd at &|;st, but on continuing ppn. eiter-. 
vescence ensues and pp. turns brown. A small 
qudlittty of CO2 retained when dry (Berzelius). 


Potassium oarbonatei. Two salts have bean 
obtained. . 

1. Normal carwmate: K^CO,.^ 8.96*2 at 8° 5 
111 at 12°; 204 9^ 70°. The (OTonnercial salt 
is prepaife^ by treating the ash of plants, 
especially gC beetroot, with water, end evapora¬ 
ting. Thef esidue, containing 60-80 p.c. K^CO,, 
is sold as potash.* The impurities—KCl, 

K0SO4, and a little E silicate—are (Jbrtially re¬ 
moved hy digesting jb>r several days with its 
own weight of cold .water, decanting, aftd evapo¬ 
rating quickly with constant stirring. Tho 
small crystals qbtained are washed with pure 
KXOsAq, dried, and heated to rednessdn metal 
vessels; the product is * pearl ash,' which usually 
contains from 2 to 3 p.c. impurities. 

.Pure K^COj is prepared (1) by heating pure 
K oxalate; (2) by digestingpowd''jrcd cream of 
tartar with water containing a little HCl, wash¬ 
ing, dryin^.to render silica insoluble, ciystal- 
lising from water to remove Na salts, healing in 
a closed silver dish^ligcsting residue with hot 
, water, filtering, Evaporating to dryness, dis¬ 
solving in cold water, evaporating, and repeat¬ 
ing treatment with cflld water and evaporation 
two or three limes (StaS', Chern. JPrqpor^ 340). 
(v. also Smith, C. N. 30, 234). 

Vroperties and Itcactions .— White solid, 
melting at red heat (83°) (Camclley, G. J. 33, 
280), volatilised without change at white heat; 
very deliquescent; [K'CO",Aq] = 6490 {'I'h 3, 
198). Solution strongly alkaline; hot solution 
deposits rhombic octaliedra K.^C03.2H20; 
cone, solution deposits monoclinic crystals 
2ILC03.3H20, which at 100° give K2COa.II,0 
^ (Stii<leler, A. 133, 37l; Pohl, W. A. B. 41, 630). 

I TIcated with aciucous vapour is partly deconi- 
I posed, giving KOII; healed with charcoal gives 
j K and CO (v. PoTASsiuii); heated with sulphur 
forms K sulphide nr d sulphate, and CO2 (Ber- 
thelot, Bl. [2] 40, 362); healed in sulphur 
dioxide ‘jK'os K-.SO^ and traces of ICS (Berthclot, 
A. [6] 30, 547). Solutions, about 1 in 
j lOH^O, partly decomposed by CaO^II} giving 
1 KOHAq; amount of change much increased by 
boiling; reverse reaction occurs with more 
cone, solutions. •' 

IT. Potas.^iHm-hydroffen carlwnate : EHCO^. 
S. 22* 1 at 0°; 33*2 at *20°; 45*2 at 40°; 16*4 
at 60^ (Dibbits, J. pr. [2] 10, 417). Prepared 
(1) by passing CO^into solution of commercial 
normal carbonate; (2) by passing CO^ into 
I solution omained by lixiviating residue from 
lieating K-H tartrate in closed vessels, and crys¬ 
tallising. Properties and Large 

transparent monoclinic crystals, KIICO5.H2O ; 
Bolutionrjias slightly alkaline reaction, and 
give'k off CO.} on gently warming..(u. Dibbits, 

, J. pr. [.2] 10, 417). At 200° give^Kj^O, and 

cq.. ^ 

Kubidium carbonate Bb^GO,. By ppn. of 
Rh-SOiAq with BaOAq,. adding (NHJ^COa to 
filtrate’evaporating to dryness, exhausting with 
wSter, and evapor^ing this solution, indistinct 
cry^stala of Rb^CO,. H^O are obtained. Soluble 
in alcohol, sti^hgly alkaline. Heated, lose 
y^ater and leave llb^COj, as a sandy powder, 
which nielts at a higher temperature. In air it 
deliquesces, and yields RbHGOg, in glassy pris- 
matio crystals; permanent in air; Imving very 
faint alkaline reaction; easily converted by beat 
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into BbjCO, (Bunsen a.Kircho£t) (melting-ifoint, 
J37®; Carnelley a. Williams, O. J. 37,125). 

Samarium carbonate • Sr%(COa)3.8H.O. 
Needles insdroble in wa^r. The following 
doable salts have also beci^reprf(ft. Santa- 
Huni-ainnuytnuin carbonaUt 
SmNH^(C03)3.2H.,0. Sa 7 narium-p<^ssium car- 
bonatCt Sm K(003)2.61130 ; brilljint needles. 
Sawtantt?«^so(7««a carhonede, * 
SmNa(C0.,)2.8H20; a crHstallino pp. (Cl^ve, Bl. 
[2] 43,1S8). 

Silver carbonate AgaCO,. Prepared in crys¬ 
tals by adding ammonia by^dropa to mix' d 
solutions of AgNOs and Na^CO, of neluuto 
strength (Vogel, J. 87, 288). As a white 
pp., becoming yellow on washing, by adding 
NuaCOaAq to AgNO^Aq. Blackens on exposure 
to luht. laarcadily soluble in strong 
SoliSon treated with absolute alcohol yiehis a 
pp. containing Ag.jCOa and ammonia (Berzelius). 
At 200° loses COo and leaves A^O. By ppg. 
AgNO^Aq with largo exoe^s of alkaline carbon¬ 
ate and boiling, a substance>possibly a mixture^ 
is obtained which •dried at 100° has formula 
Ag.>C02.2Ag20 (Hose, ^.•81, 202). Ammonio- 
silver carbonate Ag3CP03.4NHa. A grey i)p. on 
adding absolute alcohol to Ag^COa dissolved in 
NIIaAq (Keen, C. AT. 31, 231). 

Sodium carbonates. Three salts have been 
isolated, besides various hydrates, and several 
double salts. 

1.Noiinalcarbonale'i^iv.COs. Occurs in waters 
of several lakes and mineral waters; is a con¬ 
stant constituent of ash of sea-plants. 

Formation. —1. From Na.SO,, by heating 
with C and CaCOj, and*lixiviating with 11^ 
(licblanc’s process). —2. From cryolite, by heat¬ 
ing with CaO and decomposing the Na aluniinulo 
formed by CO2.—3, By roacvi'#: between NaCl 
and (NllJaCOa in solution.* 

^Preparation, —1. Soda crystals are repeatedly 
washed vdth cold water until allii^lphates, 
chlorides, ac. are removed; tlm last’^^jmcs of 
SiOj are removed by dissolving the waslleu salt 
in water, evaporating nearly to dryness, adding 
a little (NllJaCOa, heating till (juitc dry, dis¬ 
solving in watery filtering, evaporating, and 
heating (Wurtz, J. 1862. 357).—-2. Soda crystals 
are repeatedly rccrystallisod, the crystals being 
obtained as small as possible (Gay-hiissac, A. 
12, 16); most of the chlorides and sulphates 
and iron salts are thus removed. The wusliod 
salt is dried, healed in a silver '6ish, and the 
residue is repeatedly washed with small quan¬ 
tities of cold water; the salt is now free from 
iron, but may contain traces of silica (u. supra) 
(Stas). > 

Property and Reactions, — White tolid; 
melts •at- 4 818° (Carnelley, C, J. 33, 280), 
giving off ^ttle COj (Jacquelain, A, Ch. [3J 32, 
205 ; Mallard, A, Ch. [4] 28, 80; Schcercr, A. 
116,134). Heated ip steanf gives NaOII. ■ De¬ 
composed at high temperature by edrbon-y to 
Na and CO; by plmphort^, to C, CO, and»Na 
orthophosphate (Dragendorff, C. C. 1801. 806); 
by silicon to C, CO, and Na siiijato ; by stilifhur^ 
at 275®, to NonS and Na2S20,, at melting-point, 
to NOjSj and NOjSO*; by ferric oxide, oi ferrJh^ 
cxidct with evolution of CO, (Stromeyer, A. 107,. 
866 ); by ferrous sulphide to Na and Na-Fe 
sulphide (B. Kopp, Bl [2] 6, 207). Solnbiliiy 


in water increases from 0® to 34®; from 
34® to 79® 8 . is constant: S.»46*2 at 34® 
(Lowel, A. Ch. [3] 33, 353; Foggiale, A. Ch. [3] 
8, 468; Tomlinson, C. N. 18, 2; Gerlach, Fr, 
8, 279). Solution is accompanied with produc¬ 
tion of heat; [Na‘CO», Aq]« 5,0-10 {Th. 3,198). 

Hydrates 0 /Na.C 03 .—(1) Na^COs-lOIl^O; 
separates from moderjrfcly cone, solutions at 
ordinary temperatures, inclear, monocUnic crys¬ 
tals ;^liesc melt at c. 31 ’, leaving N^CCt.H^O 
(Sclundicr, May. Pharm. 33, 14); according to 
Thomsen {B. 11, 2012) the residue is 
Na^COa.2H^O but this gives up another H^O in 
the air. Crystalo of NiuCO,.10lLO eflloresce in’ 
air; at 12*5 vthey give th# hydrato with SH.^O ; 
and at 38° in vocno, or over CaCl.., the hy¬ 
drate Na.,CO:j«I,0 (Wah^ou^i! ilf. *12, 130). 
Diysolvo in water with disappearance of heat 
[Na'COM0H-O,Aq1- -lO.lfiO {Tli. 3,108). 

(2) Na.,^,.1611,0 (Jaequelaiji, .^1. Ch. [3] 
32, 20.!i). Ci'ystaUiscs from cnic. solutions of 
Na..GOjat —20°. 

'(3) Na,CO,.7II,0 (Bdwol, A. Ch. [3] 33, 
363; Bammclsbi'rg; Marignac, Ann. M. [5] 
12, 56). Crystallises from liot saturated solu- ' 
tionsby«Dooiiuginclose«l vessels; if air has en¬ 
trance the 1011,0 hydrate forms. Said to crys- 
lallise ill two modifications, rhombohedra and 
rhombic tables, with dilleront sohihililies. 

(1) Na,CO.,.i)ll,0 ; crystal lis'-s from Na^SAq 
standing in air, also from NaCIAq mixed with 
KXOaA'i (Mitscherlich, P. 8, 441). 

(5) Na,CO.,.6ir,0; crystallises at tempera¬ 
tures over 33 ' from mol^ui Na,CO,.,.1011,0 (Ber¬ 
zelius, P. 32, 303); also by tlio elilorescence of 
Na..CO,.10]I.O at Vj r>'\ 

'((>) Na..Cba.2H..() ; molting Na,.CO..10TI..O at 
34° (Thoinsen); fNa•■CO^2H•'O.A.i] = 20. 

(7) Na,CO;,.lLO; from hot saturated solu¬ 
tions of Na.jCOa, or from hot solutions of 
Na,CO3.10II.,6; sopj^ratvs from boiling solu¬ 
tions; also pro iuced 1^'ellloresc.i'iiee of some of 
the liydratcs with^noro li,0 {Marigi^.ac, Ann, Af. 
fo] 12,56; llaidingcr, 5, 3()0). j 

[N.i-CO'.lTO,Aq] - 2,250 {Th.). 

II. Sodium’huthoffen carhumlc ; NallCO, 
{]Mcaf%onate of soda). FormalU'ii. —X. By pass¬ 
ing NH;, into NaCIAq, and then d«‘Composiug by 
CO, under pressure; 

' Nil., + NaCIAq + CO, + II.,0 = 

NallCO;, -i-Nll,CLAq (Animoniasod'a process).—2. 
By reaction hetwem soda crystals in solution 
and comriiercialNlI, carbonate.—3. By reaction 
betv'ceii^CO, jnd iniVy;cK;ftd soda crystals, or a 
mixture ofufi. part cryslallised a.'i 3 piflts drya 
Na.,CO;,.—4. Bypassing CO, intoeNaXO;,Aq as 
long as it is absorbed ]uirt Na.CO., in 2 parts 
lU)) (Tj. Mever, A. CufMhd. 2, 170; Berzelius, 
p: K). 134; Mohr, A, Ilf, 15; 21), 268). Proper¬ 
ties and Reaetlons. —White monocliuio tables; 
alkaline taste; cl^angcs moist red litmus to blue, 
but has no action on colour of turmeric paper. 
In moist ^r readily goes to Na.,C03.a:aq. When 
^heated gives off CO, and 11^ ; solution decom¬ 
posed on boiling (Itos(^,Jf'. 34, 158). B. 8'8 at 
10° ; 14*C4 at 70° (Voggiale, A. C|. [8] 8, 468; 
also Dibbits, J. pr. [2J 10, 417). 

HI. Sesquicarbonate. Na4Hg{CO,)s.3H;^ 

(= Na5C0s.2NaHCO3.3H.,0). Occurs ' native ; 
S.G. 2T12. Prepared (1) by heaAng NaHCO, to 
200° {ITermann, J. pr. 26, .312); (2) by <^apo- 
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rating solutions of NaHCO, in vacuo over 
nio,; (3) by molting together the two carbon¬ 
ates, in the ratio Na;CO,. 101 IjO; 2 NaHCOj, and 
standing in air till mass becomes crystalline, 
when it contains crystals of the sesquicarbonate; 
(4) by pouring alcohol on to a mixture of 
Na-COjAq and NaHCD,, the salt separates in 
fine needles (Winkler, jR. P. 48, 215). Mono- 
clinu! crystals; non-elllorosccnt in air, goes to 
Na..CO.j »t red heat; aqueous solution iif-vacuo 
over H,,SO| gives Na..COj and NaHCO., (Rose, P. 
34,100). S. 12-63 at 6°; 41-59 at 100'’ (I'oggiale). 

IW. jyjublc Salts. Sodium-potassium 
carbonates. 

(1) NaKCOj.OIi.^O-; monoclinic crystals, 
unchanged in .dry air, ettlorcsccs in moist air; 
by evaporating solution of equarequivalents of 
the constituent salts, and crystallising from 
KjCO,,A(i. Ai 100^ loses 6 H.O. S. 185 at 15° 
(Marignac, 0. Tl. 45, 650; Margufrite, A, 56, 
220; Stolba, III. (21 4, 192, 7, 241). 

(2) 2 Na.,C 03 .K.C 0 ,.iaH ,0 ; from mother- 
liquor from which k,Fe(CN)„has crystallised out. 
May be crystallised from K-CO^Aq (Marguerite). 

SoniUM-CAI-CIUM CAimoNATE: 
Na.C0„.CaC0.|.51l,;0; occurs native 'as Gay- 
LtissHe; obtained, in microscopic monoclinic 
crystals, by reaction between freshly ppd, CaCOj 
and cone. Na410;,Aq at ordinary temperature. 
When dry this compound is decomposed by 
water (Fritzsche, J. pr. 93, 339; Iloussingault, 
P. 7, 97; H. Hose, P. 93, 600). 

Strontium carbonate. SrCOj. S. G. (pp.) 
= 3-62. S. (cold or hW.) = -0003 (Bineau, (I It. 

■ 41, 509). S. (col<l)= ’OOf) (Fresenius) solubility 
diminislit d by NH,Aq or (NK,).,CO,A.i. H. (10^ in 
satd. COoAq) = *12 {fjassaigno). Occurs native as 
stroniianite. Crystals of trimetric system, isoinor* 
phoQSwith arragouiteandwitherite. l’r(q)arod by 
ppn.wilh analkalinc carbonate as astuooUi white 
substance; in form df strontianite, by crystal¬ 
lising amorphous carbonp.te from fused KCl and 
FaCl (Boil-geois, Jii.^2] 37*, *;i7). Heated in 
elided vessel CO.^ given off only at about white 
hea'i, but in aqueous vapour SrH.O,^ is formed 
at a much lower temp. Alkaline sulpb^ates in 
solution do not decompose it at any temporature 
(Kose, P. 95, 2d4), Anmioniuni chloride solu¬ 
tion boiled with it converts it into SrCL. , 

Thallium carbonate Tl.f'O^. S.O. (fused) 
7-00 (Lamy). S. (15-5°) = 4-0‘2 ; (00-^)-11-7; 
(100^) = 27*21. M.P. c. 272° (Carnolley, C.J. 33, 
275). Formed by exposure of Tl in a saturated 
solntipn of Tl.^0 to air Piepai;?d by allowing 
' granulated ilt<?ialto oxidise in wari/ihiir, boiling 
with water ^bontaining excess (NfT^)XOa and 
Altering. Tl.^CO;, is deposited in groups of prisms 
(Miller, Pr. 11, 555), wjiich are brilliant, highly 
refractive, very heavy, arhydrous, colourless; 
melting, undocomposed, much below redness to 
clear liquid which solidifies f-*) dark-grey mass, 
and at red heat decomposes cvolvii)g,CO.^. Taste 
mildly caustic and metallic. Solution has alka> 
line reaction not crinv'.letely removed by supor< 
saturation with COj (ClHwkes; Werthcr, J. IHfii. 
Q40). 

Thorium carbonate. Th(C 0 .,). 2 . 3 ThH 404 . 2 H. 0 . 
Alkaline carbonates throw down a basic salt 
with evolutiop^f CO.^. Moist ThII,0^ absorbs CO^ 
from air. Th 0 ..j is not sol. in water containing 
COft^erzelius). Salt of above formula obtained 


as an amorphous pp. by treating hydrate eus- 
pendod in water ^ith COs* or by ppig. solution 
of ThCl 4 with an alkaline carbontle. 

Tin c|rbonat|f. SnCOs.SnO; by adding 
solid SnCf, ^ cone. Na^CO^Aq in absence of air: 
very unstf^le. If (NH^aCO^Aq » used, hexa¬ 
gonal prisfcs of (NHj 20 . 2 Sn 0 . 3 C 0 ..j. 3 H 20 are 
said to be fi;'med (Deville, A, Ch. [3^ 35, 448). 

XTranium carbonates have not been isolated. 
Alkaline carbonates p^. urnnons hydrate from 
UCl„ a basic sulphate from U(S 04 } 2 , and double 
carbonates from uranic salts. ^ 

Ur^nyl-amm^ium carbonate. 
(U 0 .,)C 03 . 2 (NH 4 ) 2 C 03 . S.« 5 at 15°; increased 
by (NH 4 ) 2 C 03 . Prepared, in small yellow trans¬ 
parent crystals, by digesting in ^NHj) 2 C 03 Aq 
at •60°-80° the pp. produced ^ NH^Aq or 
(NH,).jC 03 Aq from uranic salts, mitering, and 
allowing to cool. Decomposed slowly at ordinary, 
more quickly at higher, temps, leaving UO,; 
solution boiled evolves NH^ and C 02 » and 
depositsyeIlowpp.,(y?iftaining uranium,of doubt- 
jful composition (Arfredson, P^ligot; Ebelmen, 
A. Ch. [3] 5, 18'!; Dolffs, P. 65, 229). 

Vranyl’pota.^sium carbonate. 
(U 02 )C 02 . 2 K.,C 03 . S. = 7*4 at 16°; insol. in alco¬ 
hol. Prepared, as a bright yellow crystalline 
crust, by dissolving in KIICO^Aq the pp. formed 
from uranic salts by K 2 COaAq, and evaporating. 
At 300° evolves CO 2 ; at red lieat leaves mixture 
of K uranate and carbonate. KOHAqpps.’all 
the U as K uranate, even in presence of excess 
of KXOa. 

Uranyl-sodium carbonate. 

(UO.^)CO.p 2 Na 2 COj. preparation and properties 
similar to K salt. Two Ca salts, 

(1) (UO.,)CO2.CaCO..10H2O; 

(2) (U 0 ,)C 62 .CaC(),.r>H 20 ; 
occur native (Smith, A, 60, 253). 

Yttrium carbonate. Y.j( 00 .,) 3 . NaaCOjAq 
pps. it from yttrium salts with I 2 H 2 O in^e 
cold, at 100°. Not easily Recomposed 

by sparingly soluble in water containing 

CO^. Solution in (NH 4 ).^C 03 Aq, if concentrated, 
deposits a wlute crystalline double salt which 
does not redissolve in (NJl 4 ) 2 C 03 Aq; also soluble 
in K 2 CO 3 and NaXOaAq (lielzelius). 

Zinc carbooate. ZnC 03 . Occurs as calam¬ 
ine. Not obtained by precipitation. Pp. 
formed by KHCOgAq in ZnSO^Aq is 
2 ZnC 03 . 3 Zn 02 H 2 (Berzelius). ZnCO, unaltered 
at 200° ; slojyly evolves CO 2 at 300° (Itose). 

Hydrocarbonates. Native hydrocar¬ 
bonates are ( 1 ) zinc bloom ZnO.ZnCOj.BZnHjOa 
(Berzelius), or ZnCO;,.2ZnH.D.^4aq (Smithson a. 
Borndoril, Gm. 0, 15). (2) Ajiricalcite or green 
calamine* 2ZnCO;,.riZnH..().,., in which Zn is 
partfy replaced by Cu. (3) BuratH^ a hydro- 
carbonatft containing Cu and Ca. P 

«!?he pps. formed by alkaline carbonates in 
solutions of zinc salts all appear to contain 
water, and to varylh composition with strength, 
tempera'ture, and proportions, of solutions. Ij'or 
rcjftilts obtained Ufder varying conditions, v. 
Boiy) (P. 85, 107), Schindler a. Boussingault 
{Gm. 1, 15). Th% all evolve CO 2 and H^O at 
^p0°, yielding ZnO (Bose). 

Ammonio-carbonate of zinc (NH8Zn)COt. 
Deposited in crystals from a solution of ppd. 
zinc carbonate in cono. (NH 4 ). 4 C 08 Aq (Favre, 
TraiUde C/mww, Pelouze et Fr6my, 2nd ed. 8,47). 
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Zfnc^tassium earbtmale ’ 

6ZnCO,.8K,CO,.7H.jO (?). Cryatallises from a 
liolation of ZnClj mixed witl/K sesquicarbonato 
(Deville, A. 6h. [3] 32, 75). _ 

Zinc and sodium carbon^ ) • 

8ZnCO,.3NaXOj (?). Small oryatals, obtained 
as potassium salt (Deville), J 

Zirooninm carbonate. Gxccw of alkaline 

carbonate tolution products a pp/in saluliuns 
of Zr salts, soluble in ^a 2 (orK.,)CO,Aii. Com- 
positionSseems to be variable {itcrmann, Klap¬ 
roth, Vanquelin). 

■®niO-CAUnoNIO ACID. Mol. w. un¬ 

known. A dark yellow very strongly fifiieUing 
oil; obAined by adding cold dilute IIClA<i to 
K^CS, or ; very easily decomposed, by 

heating, to CS,j andH^S (Zeise, H. 41,105; Ber¬ 
zelius, P. 6, ^50). 

Thio-cahbonates. These salts have the 
coinp03itionM.^Ct^3, or MCS,, when Mj- Na« do., 
and M-sCa Ac. A few baaic sAts are also 
known. Tho coinpositi«;i of the salts of tlie 
alkali and alkaline earth i^etals has been de-J 
termined; several •ther thio-carbonatos seem" 
to be produced in the rtactions between solu¬ 
tions of •metallic# salts and K.^CS,A(i or 
Na^jCSjAq, but the composition of very few of 
llieso thio-carbonates of tho heavy metals lias 
been determined. Thio-carbonates are formed 
by reactions between CS^, and aiiuoous solutions 
of the monosulphides of the alkali and alkaline ^ 
earth metals, M.S and MS. By using MOHAq ] 
and CSg, thio-carbonates and carbonates are 
formed simultaneously; with MO.JLAq and CS., 
(M - Ca,Ba,Sr) basic tliio-carbonatos are formed, 
c./;. CaCS.,. 2 Ca 0 .,H,.bU 20 .* NH.Aii reacts willi 
CSj to form (NH 4 ).^CS,, and (N1I,)CNS (Gelis, /. 
18G1. 340). The thio-carbunates arc yellow, 
red-yellow, brown, or black, tho hydrated 

salts are yellow. The of tlio alkali and 
airline earth metals are soluble ii. wmI.t; 
those of the heavy metals are more or-los-^ solu¬ 
ble in ox^ss of M^eSaAq Na Tlie 

thio-carbonatcs are not very stable; tho'le of 
the heavy metals easily decompose to metallic 
sulphide tfnd CSj; cone, solutions of the.alkali 
salts change to ll^^and alkali carbonates \vhen 
boiled, dilute solutions decompose by standing 
in air to carbonates and S. Heated alone, most 
of them give metallic sulphide and CS.,,; K-,.CS.q 
gives KjSs and C. Tho tlho-carbonatos have 
boon chiefly invostigatf d by Zeise (.S'. 41,105); 
Berzelius (P. 6,450); Walker (C^^N. 30, 28); 
Sestini ((?. 1871. 473; B. 5, 327); Oelis (J. Ph. 
[3] 39, 95; C. P. 81, 282) ; P. Tli.'nard (O. R. 
79, 673); Husemann {A. 123, 07); Meriiiet 
{C. R. 81, 314). , 

Axamottinm thiocarbonate (NII,),,C^.,. •Ibe- 
parfed ibyx^ixing a saturated alcoholic^solution 
of NHj its vol. CS.^, cooling after^tlio 

liquid has become brown, pouring off liquid, 
and washing the ci^stals several limes with 
alcohol, then with ether, and pressing lietwocii 
paper (Zeise). Yellow cry^als, v. sol. in woAer, 
insol. in alcohol or ether; may be sublimed in 
dry air by gentle warming ; tjtery hygrosci^ic. 
Aqueous solution heated to 90°-100^ evolves 
BL^S, and NH^CNSAq remains (Gdlis). * 

Barium thiocarbonate BaCSj. By shaking 
BaSAq with CSa, washing with alcohol, and 
drying vnvacuoc 
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Calcium thiocarbonate* CaCSj. By digesting 
CaS with excess of CS^, and evaporating in vdcuo» 
Citron-yellow; sol. in alcohof or water; milk 
of lime shaken with CS^ gives an orange-red pp. 
of CaCSs. 2 Ca 0 „Ha. 6 Il 20 , and this at 30® gives 
red liquid from which red crystals of 
CaCS 3 . 5 CaO 2 H 2 . 7 iLO separate (Walker; Sestini). 

Potassium thiocarh )nat 0 . K 2 CS,. When . 
K.^.SAq is digested with CS 2 at 30® in a qlosed 
vesse^ or CS. is dissolved in a cone. ^IconoUc 
solution of K.S, yellow deliquescent crystals 
separate; dried at 00'’-80® these give K 2 CS,, a 
red-brown solid; v. sol. in water, tl. sol. in 
alcohol. 

The othc* tbiocarbon^tne which have been 
fairly well examined and analyse'* are those of 
Lithium, Ha^esium, Sodium, hud Strontium. 
Thiocarbonates of Bi, Cd, Ci% Co, Au, Fo, Pb, 
Mn, Hg, Ni, Pt, Ag, Sn, Zn, seem also to be 
formed by adding the solution of an alkali thio- 
carbonate to a solution of a*saU of eacli of these 
metals. M. M. P. M. 

CARBONIC ANHYDRIDE CO 2 v. Carbon, 

OXIDES OF. 

CARBON TETRA-CHLORIDE u. suj>ra and 

TETIlA-CULORO-MK'niANE!. 

CARBONIC ETHERS. There are three 
classes of carbonic ethers: viz. acid ethers 
CO{OR)(OH), normal ethers CO( 01 l) 2 , and 
others of ortho-carbonic acid C(Oll),. In these 
I fonnulaa it may bo any alkyl. They are de¬ 
scribed as salts of the alkyl: e.g. FiXiivL car¬ 
bonate, Metiivij carbonate, Phenyl carbonate, 
d;c.* • 

Orthocarbonic ethers are formed by the 
action of sodium ‘^Ibtoliolab.'s on chloropicriu 
(Williamson a. Basset, .1. 132, 54). They are 
converted by ammonia into guanidine. 

Normal carbonic ethers. 

J'Wmadon. — I. Froip alkyl iodides and 
silver carlwnat'; (do*CIermont, A. 91, 375).— 

2. By tlio action Na^ K, solid NaOEt (;^ mol.) 
or KOEt nioi.J, upon \lkyl oxalates (1 inql.) 
(.Killing, A. 19, 17; Lowig a. Weidmann, A'Afl, 
301; (rcuther, 1808, 050; Cranston a. Ditt- 
mar, 1870, 4).—3. By tho action of alkyl 
chloroforinates upon sodium alcoholates, 

Cl.CO.OKt + NaOMe - NaCl -f MeO.CO.OKt 
, (Roesc, A. 205, 210). Tiio mixed ether prepared 
' from ethyl cldoroforTnalo and sodium methylate 
is identical with that from methyl cliloroformate 
andsodiumethylato. -4. KromCOCJ 2 andsodium 
aleodoiJvU'S. 

y ro-rr/i>.<?.’^Tlie l,dyiug-poin*'^ and ipcciflc , 
gravilie; of the fattv carbonic qRiera are aa 
bdlowi(lloi ..e, ^.20.5, 214):— 


i;tl)cr 

jP Mliiig-pc.ini 

1 

S.O. 

MC..CO, r 


1-055 at 17® 

Mciano, 

109-2^ 

1-00 at 27® 

EtXOj 

125^ 

•07 

, Moi'rCO, 

IM'ft • 

08 at 27® 

Pr.CO, 


■95 at 17® 

Mo(PiCII.)COj 


»5 at 27® 

Et(l>rCII.)CO, • 

Kin-i'’ 

•93 at 27® 

(I'rCM ),CO, 

HM)-3’ 

•92 at 15® 

El(C.,H„)CO, 

382*3® 

,•92 at 27® 

(C,H„)«CO, 

228-7'’ 

•91 at 15® 

_ 
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—1« AmmofUa converts the ethers | 
R^COi into oarbamic ethers, and finally into I 
area.—2. PClj forms chloroformic etbeia. In ! 
mixed ethers BR'GOa the alkyl which is con*' 
verted into chloride is the smaller of the two: 

Et{C5H„)CO,+rcij=Etci+cico,c,H„+roci. 

The amides of the chloroformates, which^-nay bo 
regarded as half chlori^M half amide of carbonic 
acid icarbamic chlorides), are obtained by the 
action o^ COCl.. unon the hydrochlorides of 
amines, c.jr. 0001.^ + NEtH, = C0C1(N EtH) + Ilf 1 
(Oattermann a. Bchmidt, B. 20, 118) cf, CiiIjOuo- 
Foniiic AOfo. — 0. Wlien an alkyl carbonate is 
''heated with an alconol containing a heavier 
aikyl,the heavy alhyWlisplacos the^ightono (U.). 

Chloro - imido - carbonic ethers C1N:C(()U).» 
These are forfued by leading (Jf.ilorine into a 
cooled solution of NuOII and KCN in an 
alcohol (Sandineyer, B. 19, 802). They are 
crystalline, and converted by dilu^ acids or by 
aqueous ILS into the corresponding carbonic 
ethers. Aqueous potassium arsenitc reduces 
them to imido-carbonic ethers {cf. CiiLono-iinno- 
CAIinONIO ETHEUS). 

Imido-carbonic ethers rropared 

as above, are alkaline liquids, readilj th^coni- 
posed by aqueous acids intoKll^ and carbonic 
ethers {cf. lMii>o*CAi<noNic ethkus). 

CARBO-DI-NICOTINIC ACID v. rvr.IDINE 

TDI-CARnOX\LlC ACID. 

CARBONIC OXIDE. Name usually given to 
CO, V. Cakbon, oxides of. 

CARBONIC - OXIDE - POTASSIUM v, po¬ 
tassium salt of Hkx^oxy-benzene. 

CARBONOUS OXIDE CO,t*.C akbon,oxidesof, 

CARBON TElRA-IODipE v. Tktka-iodo- 

METHANE. 

CARBONPIMELXC ACID v. iso-PENTANE tki- 
cauboxvlio acid. 

CARBONYL. The divalent radicle C:0. 
When attached to tw(f canhon atoms the product 
is a ketone, when attacl^pd to one carbon atom 
and to hydr:oxyl the compofiiv.l is a carboxylic 
aA^l; when attached To one carbon atom and 
to She hydrogen atom the product is an aldehyde. 
Two or three carbonyls attached to ClI render 
the hydrogen displaceable by metals.*' Many 
carbonyl derivatives of amido- compounds are 
described under the amido- compounds from 
which lliey are formed by the action of COCl... * 

CARBONYL - DI - w - AMIDO- DI - BENZOIC 

ACID V. Dl-PnENVI.-UliF.A-l.I-(ll-CAlUl<IXi’LIC ACIU. 

CAEBOKYL - AMIDO - PHENOL v. Anhy¬ 
dride. of OxY-^PHENYL-i,' VMIO A'lD. 

CABBON^ii BBOMIDE v. CAnm>N, oyy-puo- 

Bn>E OK. 

CABBONYl DI BIDEET v. Bioiiet. 

CAEBONYI-CABBAMJC ETHER C.II^NO, 
i.«. CO;N.CO.OEt or (CjlijNOj),. Carloxcthyl 
cyanate or cyanurate. [11!)°]. Eoriiied by 
the action ol chloroformic ether on potassium 
cyanate. If dry ether be presbnt a Second com¬ 
pound CijHjjNjO, Srl07°] is also formed. Rbom- 
bio plates, el. sol. C(]|:^ alcohol, v. sol. CHCf,, 
When heated with water to 100° it loses CO. 
forming cyanurio ether. Its formula should 
therefore possibly be trebled. The compound 
0„H|,N,0, when distilled with water behaves 
similarly (WBitz a. Henniger, O. B. 100,1419;' 
<t. Oil. [C] 7,192). 


Compounds with cyanic ether 

(а) C„H„N,0, or (CO:NCO,Et)(CO.NEl), 
[107°]. Formed al above, or together with oar- 
boay-carbamio (imido-diformio)* ether [60°], 
(226°) whli^the Ctbei is wet. Needles, which 
lose CO, on heating, yielding cyanurio ether 
(W. a. H.). I 

(б) C„ll,N,0, i.e. (OO.N.CO.;Et),(CONEt}, 
[123°]. i'oAned togsther with imido-diformio 
other when KCSO action an aqueous ethereal 
solution of chloroformic ether for a long time. 
On distilling it forms cyanurio ether (W. a. H.). 

CARBONYL CHLORIDE v. Cabbon, oxychlo- 

BIDK 0?. *' 

CARBONYL-GUANIDINE v. AMiDO-tnoYAilio 

ACID. . 

CARBONYL DI-PHENYLENE u. Dipiienyl- 

enS ketone. 

CAEBONYL-DI-PHENYL OXIDE v. Dl- 

PHENYEENE ketone OXIDE. 

CARBOWYL-PYREOLE CAN.O is. 
OC<^q‘j{‘. Di-tem-urea. [63°]. (c. 238°). 

'Formed, together with di-pyrryl-ketono, by the 
action of carbonyl. chloride upon pyrrol- 
potassium (Ciamician a. ffagnaglii, B. 18, 414; 
1820). Large inonooUiiio crystals, a'.h'.a 
1-I(i88:l:-7189. V. sol. alcohol and ether, 
insol. water. By heating to 250° it is trans¬ 
formed into a mixture of pyrroyl-pyrrol 
CilI.N.CO.CJIjNH and di-pyrryl - ketone 
CO(C,ir,,NH)... 

CARBONYL SULPHIDE n. Cabbon, oxysul- 

PIIIIIE OF. 

CARBONYL-UREA v. UiiEA. 
CARBOPETEOCEIIE w. Peibocene. 

CARBO - DIPHENYLENE v. Du'UENYLESK 

ketone. 

CAEBO-DIBJIEHYLIMIDE v. Di-pjienyi.. 

OYANAMinU. 

CAEBO-TRI-PHENYL-TEIAMINE ti. Dr- 

PIIENYD-^niiO-BENZAMIDlNE. 

CA,«^0 PHENYL.TOLYL-IMID» v. Phenyl 

TOLImj CY.VNAMIIH':. 

CARBO-DI-PROPYL-DI-PHENYL.IMIDE t). 

Bl-PIIOPYL.DI-PIiKNYL.CYANAMIDE. 

CARBO - PYEIDENIC ^CIDS v. Pybidine 

CAUBOXYIiIO ACIDS. 

CAEBO-PYEOTEITAEIC ACID v. Di-metiiyl- 

FOBI'iniANE C.ABBOXVMO ACID. 

CARBO-PYRROLIC ACID «. Pybbol-cab- 

BOXYI.IC ACID. 

CAEBO-RYEROLYL-FOEMIC ACID v. 
Pybbyl-olyoxylio aoid. 

,CH;CH 

CAEBOSTYEILC.H,NOf.e.C„H,< I or 

, \nh.co 

< ,CH;Cn 

C.II.^ I . Lactam or iSctiny of Ch 
^ \n*= C(OII) , 

amido-cinnamic acid. {Fy.B)-Oxy-yuinoUne. 
[199°]. » , 

Formation .—1. By boiling o-amido.oinDamio 
aoiil with HCiAq (^iozza, C, B. 34, 698; A. 88, 
IIV ; Tiemann a. Oppermann, B. 18, 2070).—2. 
Obtained by reccing tri-ohloro-oxy-quinoHiie 
with HI (Rotheit, J.pr. [2] 29, 800). 

' Preparation. — o - Nitro-oinnamio . ttheit' il 
heaoteS with alooholio (NHJ,S to 
pressure, the solution it evaporato# 

tflirnTi nt, vrit.h NaOH and toa aa^bitolliiw 



CARBOXY-BENZYLtMALONIO acid. 705 


',hy 00, (FriedlSnder a. Ostermeyer, 

1916). 

^ Prop«r/(M.—Priama (fromlalcohol); or long 
thin threads (dUntaining aq) from dilute aqueous 
solution. May be sublimcd.^V. ^«ul. cold, 
V. sol, hot, water. Sol. alcohol and other. 
Alkaline KMnO^ oxidises it to IsatlH and oxal- 
oxyhamido'bcnzoio acid (caibosty^lic acid). 
CO.,H.C,ft.WH.C(OH),.CO,i£ [ 200 *^]/ 

Salts.—The K and.Na salts form easily 
soluble piatea. The banum. salt A'.Ba: spar¬ 
ingly soluble plates. 

Methyl ether: (247*^ iincor.). Colourless 
liquid. Smells of oranges. * * 

Ethjfi ether: [below 0“]. {250"). Prepared 
hy the actioikof ethyl iodide on sodium-car- 
bostyril, or of*alcoholic KOH on chloro-qnino- 
Une. VolatHe^vith steam. Colourless li(|uffl. 
Sweet smell.—B'HCi: hygroscopic crystals. 

Phenyl ether: Sublimable. (Jlia- 

tening plates. Sol. ordinary solvcuts (Fricd- 
landor a. Ostermayer, ij. Ip, Jl.‘>5). 

Reference. —Amtt) 0 *caki!osi'i:uil, Bjio.Mo-eAu- 
BOSTYUIL, tfeo. Hytli'ocarbostyril is described 
under AMiDO-PHENYn-pnonoNio Ann. JOthyl- 
psoudo-carbostyril is de|cribed as {Py. 3, 1)-Oxy- 

ETHTL-QUINOniNE. 

CARBOSTYEIL-CARBOXYLIC ACIB v. Oxy- 
quinoune-carhoxylic acid. 

CARBOTHIALDINE C,H,„N.,S.,. Crystals 
which separate on adding CS. to an alcoliolic 
solulion of aldehyde-ammonia (Kedtenbaelier a. 
Liebig, A. 65, 4.3). Also from aldehyde and 
ammonic thio-carbamate (Mulder, A. 108, 235). 
Insol. water. Sol. acids. 

Hcactions. —1. HCl spiitt it up into aldehyde, 
Nn.,andC)S 2 .—2. KMnO^forms II...SO„C(),,KCy, 
and acetic acid.—3. HCl and Ke.Cl,; forms Nil,Cl, 
aldehyde, and Nl•I...CS.S...Co.^^ 4 ., (dnarosclu, 
O. 8 . 240; 7?. 11, 138.3). \ " ‘ 

J[ABBO.TRl-THIO-HEXABROMIDE H::.ya- 
BnoMO-Di-i.iETuyij Tnr-suLPHij>H. r 

OARBO-%OLYLENE-I)I - PHENYL 

MINE V. Dl-PUENYrj-TeT.YTiEXn-TKTHV-AMIOO- 
METHAEE. 

CARBO-llI-TOLYL-IMIBE V. Di-X(*LYL-CYAX- 
AMIBE. ® 


DICABBOTHIONIC ETHER S(C05Et),. 
(180'’). Frqjn ClCOaEt anil alcoliolic Na.S. 
Oil; decomposed by baryta-water or alcoholic 
KOH into EtjS and COj (V. Meyer, J). 2, 21)8). 


CARBO-VAEERTHIALDINE C,J[„N..S„. 
[109°]. (G.); [117°] (S.). V.D. (iO.* From" iso¬ 
valeric aldohydo (.Tg.), CSj (3g.) and aciiiroiis NU., 
(Schroder, B. 4, 41)9). From isoval.-ric alde¬ 
hyde and ammonium thio-carbamal." (Mulder, 
A. 108, 237). Colourless needles (I'rom Slcolpil). 
FCjCl, on wifrming gives the sulidiocyaiiide rc- 
aotion. forms HCN, HjSO, and'valerio 

acid. Fe,Cl, and HCl form in the cold a ycllAv 
powder (S.CSNHJj. Carbovaliaaldine may there¬ 
fore be dithiocarbamatS of di-valerylidor.c am¬ 
monium H.N.OS.SN(CH.CH,.CHMe.)- (Guarea- 
ohf, A. 222 , 810; 0. 13, m)f 

OABBOVIJriC ACED is Mif^.rogen Einn. 

h. V,). 

,«AiMl0i^AlIIl>O.BSHZ010 AOIB v. Di.«{ 
M-OAUoxxua Aom. 


DO. CABBOtlDAiaBO. :6Eir. 

mo £mt^p.w. 


CARBOXAMIBO • OYANAXIDO - BENZOYL 
V. p. 155. , 

OARBOXAHIBO-HIPPITRIC ACID v. p. 164, 
CARB0XAmB0.O.OXY-BENZOIC ACID 
C,sH,. 2 N.p,. A product of tlio action of urea on 
amido-salicylio acid at 200° (Griess, J. pr. [2] 
1, 235).' Minute needles, v. si. sol. most sol¬ 
vents. * 

CARBOXETHYL CYAX^TE or CYANURATB 
V* CAiinoNYL-eAnnAMTC utiiku. * 

CARBOXY ■ ACETO - GLUT^RIC A6I0 v. 

M/ItUYL I’KOl’YIf KETONE Tm.CAniM)XYI>IO ACID. 

V - CARBOX Y. 0 . AIJIDO - BENZOIC^ACID v. 
ISATOIO ACin. 

v-Cavboxy./p.amido.benzoia other v. p. 157. 
CARBOXY.BENZENE PHOSPHONIC ACI0 

CO.JI.C,-fT,.PO[^Jl)._.. [iibuve 300"J, Prepared 
by the oxidalion of p-tolueno j[)h<«phoTiic acid 
CJ 1 ,(CJI.,).P()( 01 I )2 with KMnO,. Nmllos or 
tables. V. sol. water, m. sol. aipieous HCl or 
alcohol. On pleating to 300" it decomposes, 
giving molapliosplioric a>id ben/ioio acids. 

Salts. “ A'"Ag., : slightly soluble pp.— 
A'^'IIJCnq: fine nccdlos sol. water, si. sol. alco¬ 
hol.—A'".,H K : long prisms si. sol. water. 

C/tfo*i(/.7C.TI,(C()OI')(POCI.,). [H.3°J. (.315"). 
Colourless cryskjls. Alealctl with PCI., it gives 
p-chlorobenzoyl chloride PCI 3 and POOL,. 

Triniethiil nthcr thick liquid (Mi- 

cluielis a. Paiiek, /i. 11, 405). 

CARBOXY-BENZOYL-ACETIC ACID v. Ace- 
TOPnENoNI-; M-CAH1J«'XYLIC p. 37. 

CARBOXY - BENZOYL - AMIDO - BENZOIC 
ACID V. PnTnATiOXYr,-.\:itif)o-nKN/^nTe acid. 

CflRBOXY-BENZOYL-ETHENYL TRI CAR- 
BOXYLIC ACTD v. PnKNYIi-l.THYT.-KKTDN’E TETKA- 
cauboxydk; .acid. * 

CARBOXY - BENZOYL - PROPIONIC ACID 

C„n,A. i.e. CO,lf.C,.ir,.r.O.CJT,.CO-,H. Th» 
free acid is nnstahle. hut its Na salt ia 
formed by dissnlving )ditlu^yl-propioiiic acid in 
N.a()ir.'\<| /ilahiiela. Mieluiol, 1). II, 1680). 

o - CARBOXY - BENI^YL - ACETO,- ACETIC 
ETHER 

C,,H„. 0 , i.e. CO-.ll.C*a,.ClI,.CHAc.CO.,VR- 
[02" j. Formed by reducing phthalyl-ac5to- 
ae.etic ct()er with zinc-dust in glacial acetic acid 
(Biilow, A. 236, 100). Needles; v. sol. hot 
water, alcohol, ollmr, and HOAc. 'I’lie ammo- 
Jfinm salt melt.s at [121"). Jioiling baryta- 
water converts it ieto bcnzyj-acotone o-car- 
boxylic aci»l. 

Phniyl hydrazide C,,H.,,N,,(),. [235"]. 

Peer nposcs sla\vly« forming alcohol and 

C,JI,„N,0,r2i«l"l- -I'^I 

o-CARBOXY-BENZYL-MALONIC ACID 

HO-,C.C,H,CIL.CIItfk)iJ),. Forrne.lVsaponify 
ing o-carboxy-benz^ !-ma;o:iic rtlier (Wislicenus. 
A. 242, 37). Prisms. V. iol. hot, si, sol. cold, 
water. Heated to 130'* gives olT CO._, and forms 
0 'Carboxy-phen\hi)ropiGnic acid [166 ']. 

Salt.—A"'Ag,,. ^V. si. sol. liot water. 
Bi-ethfi ctlfer 

CO.,H.CJI,.CH 3 .CU(CO,,Et) 2 . [«C"]. •046 at 

17‘. Formed by re<lucing‘*pbthalyl inalonic 
ether with acetic acid au(#zine (Wit^cenus, A. 
242, 32). Fine needles. Y. e. sol. ether and hot 
alcohol, si. sol. hot water. 

Salts.—A'Ag: white needles.—A^a:' deU- 
quesoent needles. V. sol. ^cohol, Insol. ether. 
Tri^ethyUether (250°) at 45 uva* 

ZZ 



roe 


CATlBOXY-CARBASnC ETHER. 


CAaBOXT-CASBAHIC ETHEE C.H„NO, 
»ANH{OO^t),. [60°]. (226°). . 

Formation.—1. By the action of ohlorof orroio 
ether on potaaaium oyanate in the presence of 
wet ether. A second compound O,„H,5N,O,[107°], 
insclnble in water, is also formed, while a small 
quantity of yellow oil [170°] is found'in the 
aqueous extract. It absolute alcohol oe used 
instead of ether, theCsccond compound is not 
fornJfed.—2. Chloroformic ether (.S4 qr.) and cur- 
haraic c£hor (24 g^.) are heated together al 120°. 

Properties.—Long prisms. It forms biuret 
and alcolipl when m^e with aqueous Nil,. The 
salt C,H|„NO,Ag orTOtaUises in cubes (Wurtz a. 
Ilenniger, A. Ch. [3] 7,135). ,, 

CAEBOXE-ClNlfAMIC ACID v. Cinnamic 
eoin. , q 

CAEBOXT-CORNICDIAEIC ACID C„H„0. 
<.e. C.H3.C(C0.II);CH.C0.CH(C0,H).0„H,. 
Formed as a by-product in the reduction of 
pulvic acid to dihyurocornioulario'-acid. It was 
not isolated, but was converted into the lactone 
by means of acetic anhydride. „ 


Carboiy^comioularic-lactone 

00-0 co.n 

€„n.A or I I I ■ . [215*^]. 

C,H,.C:Cn.C : C.GJl, | 

fiong felted needles or short prisms. In cold i 


•.quoous NIIj or alkaline carbonates it dissolves ! 


forming salts of the formula but on ' 


heating it gives salts of carboxy-coriiicularic ' 
acid C„n,AM- (Spiegel, B. 15.154G). 

CARBOXY-CYAKAMIDO-BENZOTLv. p. 155. 

l)I-CARB0XY.6LtirAC0NIC ACIB C,U^O,, 
iPropylcne tctracarhoxylic acid. 

Ethyl ether (GO,.Kt;...Cri.CIl:C(CO..El).,. 
.(270°-280®). S.G. 1-131 at 15^. From its sodium 
salt by IlCl. Oil, soluble in alcohol or ether. 
Jloiled with HCl it gives off CO^ and forjus 
fglutaconic acid (q. j’.) and iso-aconitic ctlier. 
NaOH acts similarly. ‘Sodium derivative 
<CO.^Et).^.CNa.Cli:C(CO.>!:t),c [200°]. From 

inalonio etner, NaOEtand chlArofonn (Conrad a. 
GuthKeit, A. 222,25l‘/;‘ 2(CO,.Kl)CNa. + ClIOlj = 
<C01Et)j.CNa.CH:C(C0.^Et).i + HNaCI.' liriglit 
yellow prisms. Insol. etlier, si. sol. ce^d water 
or cold alcohol, v. sol. hot water or hot alco¬ 
hol. Gives a violet colour with ferric chloride, 
and pps. with metallic salts. Sodium amah' 
gam reduces it to dicarboxii-glutxric acid^ 
(CO^).,CH.CIl 3 .CH(CO,II), fior']. When this 
acid is heated it gives off CO», becoming giu> 
tario acid. t 

Methyl carbe .^jlutacou^iiC ether. — 
Sodium di-carboxy-glutaconic ether heated with 
alcoholic MCi at 150° forms mctliyl-di-carboxy- 
glutaconio ether, (CO.jFit)._,.CArc.Ori:C(CO.jEt}.j, 
an oil, which on sapnnifk-ation gives rise to 
-(C 02 H).;CMe.CH:C(C 0 .^II)!f, and this readily splits 
•off C 02 » forming viethyUgluiaconic acid, 
C02H.CHPiIe.CH:CJ£.C02H [^37°]. Methyl glu- 
iaconic acid forms white crjshvls; Y-. sol. water, 
'alcohol, or ether. 

Benzyl-^ili-carbociyrglntnconic ether ^ 
>(C02Et)2.0(C,II,).CH:C;C02l''t)2, [78°], is formed 
in a simihA way, using benzyl chloride. Insol. 
water, v. sol. hot alcohol, etlier, or cone. H^SOi. 
'When saponified by caustic soda it gives off COj 
carbonic aci<? and forms hmzyl-glutaconic acid* 
COJi.CH(C;H,).CH:CH.CO,H, [146°]. 


DI.CAEB0XY.GIBTARIC ACXB Di-CAit- 

OOXT-OLUTACOKIO ACID. 

CABBOXYL. VxatyU The monowalcnt acid 
radicle CO 2 H i.s. CO.OH. Its hydiigen is always 
di3placealg ?/r.by m«tals, cf. Acids. 

CARBOXYLIC ACID, so-called, o. Di-ozr- 

BENZEKR-Dld)UIHONE. 

Di*hydiv*carbozyUo acid v. Tetha-ozt* 

QGINONB. Q ^ 

Tri-bydro-oarboxyllc acid v. Hexa-oxy-bemz- 

EXR. * ^ 

Oxy-carboxylic acid v. Bemzrnb tri-ooinonb. 
I'-CARBOXY-OXAHIC ACID Di-ethyl ether. 
C,H„rO, i.c. CO^Et.NH.CO.C0.2Et. [45°]. From 
ClCO.CO.^Et and oxamic ether (Salomon, J .pr. 
[2] 9, 292). Needles (from etherl; sol. water 
and alcohol. 

•o CARBOXY-PHENOXY-ACETIC ACID 

C,n,(C02U).O.CH2.CO.2n. Carbicy-phenyl-gly- 
collic acid. [187°]. Formed by oxidation of 
o-aldehydoruhenoxy-acetic acid with KMnO^. 
White needles. Sol. ^ alcohol, ether, and hot 
water.—A''Ag 2 : white, sparingly soluble pp. 
Di-ethyl ether A"Rt.: liquid. 

Di-amide C,H,0(C0Snj),. [158°]. Long 
yellow needles, sparingly soluble its ether, benz¬ 
ene, and hot water, v. sol. chloroform and hot 
alcohol (Rossing, B. 17, 2995). 

T/i Carboxy-phonoxy-acetic acid 
CJI,(C0.11).0.C1L.C0JI[1;3]. [206°]. Prepared 
by oxidation of m-aldehydo-phcnoxy-acetic acid 
with KMiiO,. Needles; v. sol. alcohol, other, 
and acetic acid, si. sol. cold water.—A"Ag 2 : crys¬ 
talline (Elkan, B 19, 3014). 

p-Carboxy-phenoxy-acetic acid 
C„H,(CO,H).O.CH,.CO,II [1:4]. [278°]. Pre¬ 

pared by oxidation of p-aldehydo-phonoxy-acetic 
acid with KMnO,. White needles; v. sol. alco¬ 
hol, ether, and acetic acid, more sparingly in 
benzene, chloroform, and ligroin, si. sol, cold 
water. * 

Salts.—A"Ag._.: w’hite sparingly soluble pp. 
The P^Itu, and Fe salts are sparingly soluble 
ppsA^^ihB Cu and I3a salts are soluble (Elkan, B, 
19, 3044). 

o-CARBOXY-PHENYL-ACETIC ACID 

C,H,{C0,II)CH2.C0,JI [l:2j. HomophtJialicacid, 
Phe7iyl-acciic-carboxylic acid. IsuvUic acid. 
[174°]. Formed by saponification of benzyl- 
cyanide-o-carboxylic acid by boiling with dilute 
KOH. Colourless crystals. V. sol. alcohol and 
hot water, insol. benzene. 

Salts. -A^'Agj: insoluble amorphous pp.— 
A"Ca2aq! daringly soluble crystalline powder. 
—A'^Ba: easily soluble crystals (Wislicenus, D, 
18,173). 

XIIj.CO 

4nhydride CjH/ I . [141°]; long 

\co -6 ■ 

prismsV. sol. other and chloroform. ^Formed 
by^thc action of acetyl chloride oli'the acid. 

Ethyl ether^ A"Et. 2 : (292°); thick aro 
matio oil (Gabrieli B. 20f 2499). 

yCll,.CO 

Imide C-H^ o 1 di-oxy-isoquinoline): 
. ^^CO.NH 

[c. 233°]. Formed by dry distillation of the 
fiminonium-salt. Short colourless needles (from 
alcolA)! or acetic acid). Sublimes in long crys¬ 
tals. ' Si. sol. alcohol. Dissolves in aqueous 
caustic alkalis. Heated with POCl, at 160°« 



OAnnoxY-paENYr^-oxAMio acid. 


70? 


170 ° it is converted into di-ohloro-iso-quinollne. 

* .(te,.co 

Methyl-9mide C.H^ I : [123°]; 

(314°-318°) ; long colourless needles; v. sol. 
ordinary solvents. Dissolves in aqueous alkalis. 
Obtained by dry distillation of the Vnethylamino 
salt of thesacid. By MeWind mo^yl-alcoholio 
KOH at 100° it is con^rted into a tri-metliyl 
• y3Mej.CO 

derivative 0,H4 | , [103°], which is 

\CO . NMe 

also obtained by methylatiofi of theC imide 
[Gabriel,*B. 19, IG.'Jd, 2354, 2303). The imide 
and methylim^c combine with dia/.o-benzenc in 
alkaline solution. 

Amic aci^ C„H,(COjH).CH..CONHj (lioitio- 
phthalamio acid): [187°]; colourless needles. 
Formed by slowly warming bonzyl-cyaiiidc-o- 
carboxylic acid Csn,(CO.JI).CIIj.O.M. with cone. 
H.^SO, to 70°, and pousirg into water. 

Amic methyl ether 

C.H,(COjMo).Cnj.C(iNn.,: [112°] ; crystalline 
solid (Gabriel, B. 20, 1203). 

SenzensHteo-carbo^-phenyl-acetic-imido 

XH-N.-C.II, 

. [200°]. Formed hy the 

\C0.NH.C0 


action of diazo-benzeno chloride upon an alka¬ 
line solution of the imide of carboxy-plienyl- 
acetioacid. Orange-yellow needles (Gabriel, D. 
20,1205). 

CABBOXT -PHENYL - BENZ - GLYCOCYAMI- 
DINE V. Bknzgi.ycocyamidink. 

CABBOXY-PHENYL-GIYCOLLIC ACID v. 

CAHBOXT-I>III!MOXY-ACi:riC ACIO. 

CAKBOXY-PHENYL-MAIONAMIC ACID. 
£f.>ty{ e(herCO-Et.Cli.,.C(' NH.CJTi.CO.IT. 
[173°]- A product of th* action of malonio 
ct%)r on m-amido-benzoic acid (Sebilf, .il. 232, 
144; B. 17, 403). Silvery needles When 

heated it Sreaks up into malonic r and 

malonyl-di-amido-di-benzoie acid : 

2CO..Et.CH.,.CO.NH.C„H ,.CO .11 == 
C03Et.CH.;.C02Et-f CH,(CONH.C,dl ;gO .11).. 

0 -CARBOXY -JHBNYL -METHYL - ACETIC 
ACID C„H,(CO.,n).CIIMc.COJI. a-Uelhyl-homo- 
o-phthalic acid. Hydratrojyic-o-carhorylic acid. 
[147°]. Formed by healing the imide with fuming 
HCl at 200°. Colourless crystalline powder. — 
A"Ag 2 : crystalline pp. 

/Cmie.CO * 

Imide C,H,^ | 

\CO NH 

Di-oxy-methyl-iscxiuinoline. [145°]. Formed 
by heating o-cyano-phonyi-melhyl acelo-nitrilc 
C.H,(CN).^Me.CN with cone. II.HO,*at o.l30° 
and panting into avater. Glistening prisms. 
Can be dish'lled undecompoaed. l)is1;olvcj in 
aqueous alkalis. By digestion with alcoholic 
KOH and Mel it is qonvertod into the methyl- 
imide of carboiy-phenyl-di-methyl-accac acid 
-CMe.,.CO 

I . By IT)Clj it is converted 
\CO . NMe « • 

into {Py. 2:4:l)-di-chloro-mcthyl-iaoqninolino, 
whilst (By.4:2;l)-ohloro-oxy-methyl-isoijuinoli*e 
is formed as a by-prodnet (Gabriel, 7?-20l2503). 

o-Carboxy-phenyl-di-methyl-acetic acid 
C.n,(CO,H).CMej.COjH. Di-vietliyl-homo-o- 


\ phthalio acid. [o. 123°]. Obtained by dissolving 
the anhydride in boiling aqueous NaOH and 
ppg. with HCl. On heating it is reconverted 
into the anhydride. By distillation wfith soda 
lime it gives isopropyl-benzene.—A''Ag,: crys¬ 
talline pp.—A"K.,aq: plates. 

CMo.,-CO 

Anhydride OM/ ' I . [86°]. 

- b 

(3i2°) at 700 ram. Prepared by heating the 
imide or raethylimido with fqming lift (4 pts.) 
at 210-’ for 4 or 5 hrs. Flat crystals, slowly 
dissolved by aqueous alkalis, farmingealts of tho 
acid. . 

/CMe,-d0» 

Imide C„ll,'f |’ (di-mothyl-homo- 

\00-Nil 

phthalimide): [120°]; (31 H°) at 770 mm. Pre- 
pared by the action of mclhyl iodide on a solu¬ 
tion of the imide of carboxy-phenyl-acctic acid 
in mcthyl-ali*>holic Koll aH00°. Flat needles. 

/CMo,.CO 

Methyl-imide | (tri- 

\CO-NMe 

mothyl-homo-phtlialimide). [103°]. (295°) at 

770 nin* Formed by further methylation of 
tho preceding imide or of tho methylimido of o- 


-CII,.CO 

carboxy-phcnyl-acetic acid CJIj< | 

\cO.NMo 

Long needles. Slowly sublimi's at 100°. V. sol. 
ordinary solvents, insol. alkalis (Gabriel, B. 19, 
2303; 20,1108). 

CARBOXY-PHENYL-METHYL-e-wi-PYRRYL. 
BENZOIC ACID C,„H„Ni5, i.e. 

HO„C.C:CM . 

I >N.c!n,.c 
RC:OPh/ 


I,.CO,H [210°]. Obtained 


by saponilication of its moiio-ethyl-other which 
isobtained by several days’ standing of an acetic 
acid solid ion of acctophcisnne accto-.acetic ether 
(I mol.) and m-amido-benzoic acid (1 mol.). 
Aggregates of colezirless nc(*illea. ^1. ordinary 
solvents cxcefit water. 

EtO.G.tliCMe. 

F.thyl ether \ >N'.C H,.CK) II; 

IlCiCPh/ 

[100°]; slender yellow' needles (from dilute acetic 
acid); sol. aloobol, ether, Ac. Its Oa, lia, Sr, 
•and Mg salts are white granular pps. (Paal a. 
Schneider, B. 10, 3102). 

o-CAKBOXY-PHENYL OXAMIC ACID 
C,1 Id'iO, i.e. CJi,(CO..f.r .Kll.CO.CO.JI. [210°]. 

8. 11 at 10°. , \ 

Pormatimn.—l. '..'/i . '.ting "'lie acW with* 
o-amidn-benzoio acid at 120°. 2. From carbo- 
styril and alkaline I- .VInO, (Friedfllnder a Ostcr. 
maier, il. 1-1, 1013; 1.5, Hill).—3. From acetyl- 
quinoline ti-trahy.dride and cold dilute KMnO, %, 
(Hofmann a. Konig', B. Iti, 731).—4. From 
cynurin or cyniirenic acid and alkaline KMnO, 
(Kretscliy, il. 4,* 150 ; 5, Ifi). - 5, Formed by 
oxidation Nf (PJ.l-bromo-qninolinc with KMnO, 
(Claus a. CoUischonn, B. 10, 2707)., 

• rroperties. —Silv ry feddlos (containing aq). 
(from water), or gcodes^from etlim). Decom¬ 
posed by dilute qpids, or bj' long Boiling, into 
oxalic and amido-benzoic acids. 

Salts.—(NII|)..A": minute felted needles.— 
KHA" .iac;..-BaA"aq.-BaU,A", aif.- CaA"2iaq. 
CuA"CuO 4aq.—AgjA". • 

• 7 9 
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Mono-tthyl tihtr 

0A(COsH).NH.CO.COjBt, Ethyl- oxalyl - an- 
thraniUc acid. [181®]. Felted needles. Formed 
b 7 oxidation of indoxylio ether or indoxanthio 
ether with CtO, (Baeyer, B. 16, 777). 

m-Carboxy-phenyl-ozamio acid 
COjH-CO.N H.C,H,.COjH. Oxaloxyl-am^-ben- 
zoic acid. 

Formation.—1. Bytboiling an aqneous eola¬ 
tion ‘o£ the barium salt of cyano-earbiraiao- 
amido-bowzoio acid.—2. By heating (equal'mols. 
of) m-amido-benzoio acid and anhydrous oxalio 
acid for aq.hour at 180° (Griess, B. 10, 330; 18, 
2412). 

Bropertics. —Suea'll white plates,, V. sol. hot 
water, m. sol. alcohol, insol. ether.—BaA"2aq. 

Mono-ethyl ether , 
CO.jEt.C().NH.C,H,.CO,iI(ethoxaAenzaniicaoid) 
[225°]. I'orracd by boiling »»-amido-bcnzoic 
acid with oxalio ether (Schill, A. 232, 132; B. 
17, 402 ; Q. 15,531).. Silky needle^ (from water 
or alcohol). When heated above 225° it splits up 
into oxalic ether and carboxy-phonyl-oxaniiclo. 
Amide-ether CO,,Et.CO.NH.C,jlf 4 .CONH,.. 
[l!ll'5°]. Got by heating m-amido.benzaiuido 
with oxalic other. Gives with aniline thj amide- 
anilide CO(Nni>li)CO.NH.C„H,CO.NU,, [o. 310°]. 
Anilide-ether CO.,Et.CO.NH.C,lI..CONPhTI 
[180°]. From 7«-amido-benzaniUdo and oxalio 
ether. Satiny needles. 

Amic acid CO(NH. 4 )CO.NH.C,ll 4 .CO,H v. 
PBENVL-OXAMin® OAUnoXVLIO ACID. 

CAEB0Xy.PHENYL.0XAIIIDE v. PiiESVi,. 

OXAMinn CABBOXVIIC ACI.n. 

CAEBOXY-PHENYt OXT ACETIC ACID V. 

CAnnoxv-riiEKOxx-AcETio Aciq 

o-CAEBOXY - PHENYL PHENYL - CAEBA - 
MATE C„H4(COsn).O.CO.NnC,JI,. 

Methyl ether C,iII,{CO,Mc).O.CO.NlIC„H,. 
[238°]; long needles; sublimable. Fonned by 
heating methyl salicylatct with phonyloyanate 
(Snape, B. 18,2431). « , 

m-CAEBBXY-PHENYL.PHeSPHOEIC ACID 
C;n,(CO.,H).O.PO(OU)P [201°]. From it.s ehlo- 
ride and water. Seales, v. sol. water, alcohol, 
and other. Water at 160° dcconiposcsi it into 
phosphoric and m-oxy-benzoic acid (Anschiitz a. 
Moore, A. 230, 333). 

Chloride 0,H,C1,P0,, Lc. 
C.H,(C001).0.r0.Cl3. (170°) at 12min. S.G. =,'> 
1'648. From m-oxy-bonzoio acid (1 mol.) and 
PClj (14 mols.). Further treatment with PCI, 
(1 mol!) produces C,11,01,.PO.j (1^8°) at 11 mm. 
This is«probabl? C,H,,t(rmvn]fb.POI,pand is con- 
'verted by water into 0,11,(00.,H).O.PO(01I)j. 
A farther quailtity of POl, converts 0,H,CljPO.. 
mto 0,11,01.001,. 

o-CAEBOXY.B-PHENYL-PEOPIONIC ACID 
HO,0.0,H,.OU.,.OH.,.CO,H. -[100°]. Formed by 
heating o-carboxy-bcnzyl-malonio acid to 190° 
(Wislicenns, A. 242, 39, cf. Gabriel a. Michael, 
B. 10, 2204). Prisms, v. sol. lot, si soL cold, 
water. 

CABBOXY-PHENYL-SEBACAMIC ACID 
CO,H.O,H„.0O.NH.O,Je;.OO,n. [193°]. From 
its ether by taponification. Prisms. 

Mono-ethyl ether 

C0.,Et.0.H„.00.NH.0,H,.0O,H. [140°]. From 
sebacio ether and m-amido-benzoic acid (Pelliz- 
sari,,A. 232,140; B. 18, 215; 0.16, 650). 


«<-CABBOXY-PHEirYI.-SU001HAl[IO AOXD 

C,H,(COaH)OO.NH.O,,H,.CO,H. Benzamtuednia 
acid. [223°]. Colourless prisms. Yts ethyl- 
ether is formed, together with di-^enyl-suocin- 
amide di«3?tboxjiio acid, by boiling amido- 
benzoic acid with an alcoholio solution of suc¬ 
cinic ether. On heating to its melting-point it 
loses HjO ai]^ is converted into suocinyl-amido- 

benzoio acid [235°]. 

Mthyl ether ' ^ 

C.,H,(CO,Et)CO.NH.C,n*.CO,H [174°] j glisten- 
iii^' l)Iatcs from water. 

Anvide CaH,.(CONHJCO.NH.CoH,.CO,H 
[229°]. 

4ntH<f0C2H,(CONUl»h)CO.Ni:.C,H<.CO,H 
[252'"] (Peliizzari, A, 232,14C; B, 18, 214; O. 
15,'550; Murctoff, J, JR, 4,298). ,.1 

;).Carboxy>plienyl- 8 ucci]iamic acid 
[4:1] C,H,(COoH).Nn.CO.CH,.OH.,.CO,H. [226°]. 
From ^•tol(^l- 8 uccinimi(lo and dilute aqueous 
KMuO^ (Michael, B. '^77). Needles, si. sol. 
cold water and cold alcohol. Boiling oonc. 
llClAq gives succinic ard j)-amido-benzoio 
acids.—AgllA". 

o-CARB0XY-PHENYL:SULPHU3IC ACID 

C0.jH.C,^H^.0.S0.„01i. Salicyl-sxilphuric acid, 
I'reparcd by the action of on a solution 

of salicylic acid in strong KOH. By heating 
tlic K salt to 190° it gives K.^S 04 and salicylide. 
—A"K.^. Colourless spikes, llcadily decomposed 
by dilute aciils into salicylic acid and KHSO* 
(Baumann, B. 11, 1914). 

wCarboxy-phenyl-sulphurio acid 
[3:1] COuH.C^Hj.O.SOu.OH. Prepared by the 
action of* K.^ 8 ,, 0 , on a "solution of w*oxybenzoio 
acid in strong KOH.--A"K.^: r220°-225° with 
decomposition]; needles, more stable towards 
dilute acids tha?i,the ortho- compound; is de¬ 
composed however a* 100 °. 

2 >-Carboxy-phonyl- 8 ulphuric acid 
[4:1] CO,Jl.C„U,.O.SO.j.UU. Prepared by tlie 
action.t/t K^SJ), on a solution of p/ixybenzoio 
acid iji sffong KOH.--A"K;^: Icallets or tables. 
Boos not Jeoomposo till heated to 250°. 

CAEBOXY-PROP YL-ACETIC ACIDu. Ethsl- 

8 UCC[N’IC .VOID. 

CARBOXY - PYRRYL - QLYOXYLIC ACID 

C 4 Nn 3 (CO.JI).CO.CO^H. Formed by the oxida¬ 
tion of pyrrylene - di - methyl - di - ketone 
(CTl 3 .CO).^CqHuNH, or of pyrryl-methyl-kctono 
carboxylic acid, with alkaline KMnO^. Crystal¬ 
line; sol. et|-\er, alcoliol, and boiling water, 
insol. benzene.—A"Ag 2 : yellow pp. 

Di’Viethyl ether A^'Me^t [145°]; long 
colourless needles; m. sol. hot alcohol,si. sol. 
ether and benzene. Potash-fusion gives pyrrol 
di-carboxyiic acid (Ciamician a. 8 ^ber, B» 
19, 1412,1957; 0. 10, 373, 379). « 

CARBOXY-TABTBOKIC ACID Di-oxi. 
txktakic acid. 

CABBYLO-DIACyTONAMINE v. p. 27. 

CABBYLAMIKES v . Caudamines. 

,fiABDAMOMS, OH. OF. Employed in medi- 
cine as a carminative. 

1. From Cey^ n. The seeds of EUttaric 
major contain 8*5 p.o. of an essential oil whiel: 
consists of a terpene (170°-178°), terpinene, t 
solid ^nbjjtance [61°], and terpineol 
(205°-220°). The latter is converted by HC 
Into di-pcntenc hydrochloride, 0,^)|2H01 [52° 



OARMUFELLIO ACID. 


ftnd by HI into C,^„2HI [76“]. The teVpene 
also gires a hydrochloride CuH,,2HCl [52°]. A 
■olid teirdbromide could none got (Weber, A. 
238,98). • 

2. From Malabar. Th#fli! frJbi EUttaria 


Cardamomum slowly deposits orysUls ot 
C|,H,^HjO (Dumas a. Pdligot, A. Ch. [gj 57, 
334). 

CASDdli CjiHjjDj (?) An dfil, occurring 
with anacsrdic acid (*«•). in the pericarp of I 
the casHow nut (Anacardium occUlmtaXc). It is 
6 oL alcohol and other. It is not volatile; it 
blisters the skin. It givo%with basic lead 
acetate ^ pp. of C^,H..^(PbA.c)O.^PbO (^iideler, 
/t.,,63, 137). Anacardio acid C.,H3j(01i)C0JI 
in alcoholi^^olution gives with metallic solu¬ 
tions pps. of the salts: AgA'. — CaA'*Ja(j^ — 
BaA'aq.—MfA'aq.— lis, methyl ether is an oil 
(Ruhemann a. Skinner, C. J. 51, G63 ; Is. 20, 
1861). 

CARICIK. An oilv substance plcsont in the 
seeds of the Papaw tree {Carica imimya) 
(PcckoU, Plu [3] 10, Ht:t). 

CARMIKAPHE *. N.yiiTiroguiNONK. 

CABMIEIC ACIDIC,,The colouring 
matter of cochineal* which is obtained from 
insects of the genus Cocens, chiclly Coceun 
caati. Cochineal contdins only 10 p.o. colouritjg 
matter (Pelletier a.T/avontou, A. Gh. [2] 7, 00; 
8,, 255; Warren do la Rue, A. 01, 1, 23; 
Schiitzenberger, A. Ch. [3] 51, 52; Schallcr, Til. 
f2] 2, 414; M6ne, 0. li. 08, OOii; Diotcrich, 
C. G. 1807, 287 ; Lieberniaiin, fi. 18, 1000). 
The lead salt is ppd. on ad>lirg load acetate to 
an aqueous infusion of oothineal: by tliis means : 
the quantity of colouring nu'.tt-;»r i\. cochineal j 
may be estimated. Carmine/ a red pigment : 
prepared from cochineal, : 4 >p‘ ars to be a com- j 
pound of carminic acid w^h iflumimi, lime, and ; 
s^mo organic acid. Cochineal also contains a \ 
fat (in which are ethers of myr'sti<; aeic’, of 
CnH^gOjacnd of Ci^HojO.^ and a waxy ..abstanee, 
coccerin (Raimann, if. 0, 801; Liohofina* ii, B. 
19 , 328). 

Properties. — Purple mass, sol. water and 
alcohol, si. sol. e^her. Its solution forms red 
pps. with the alkaline earths and witli acetates 
of Pb, Zn, Cu, and Ag. Alum and NaXO, give 
the alutui mum lake. 

Beactiuns. —1. Boiling dilute II SO, forms 
• carmine-red ' and a sugar C,;!!,^,. (lllasiwetz a. | 
Grabowski, A. 141, 320). According to Liebcr- 
niann the formation of sugar is que.stiomibb!.— 
2. Potask'fusion gives cocciniu,oxalic acid, ami 
succinic acid (H. a. G.).—3. Com*. IT.SO, at 
130'* foniiB a compound C,.II._.„0,;, and rullcoccin 
C,oH,«0„ fLiobormann a. Dorp, A. P53, i05).— 
4. HNOf forms nitro • coccic acid 
By distillation with sinc.-dust | 
a small quantity of a solid hydrocoi lion Ci.JT,; 
is produced, this forms pl%tes melting at [187°] 
(Forth, B. 16, 2169)? 

y alts.—NaA".— KjA" —DaA" .'taq,^ 

Coceinin 0„HuOi. •Prepared as above, 
yellow laminffl (from alcohgj); insol. waltr, v. 
sol. alcohol, si. sol. ether. Sol. alkalis. The 
alkaline solutions are yellow and absorb oxy(a!n, 
•becoming green and, finally, purple., 
tion in cone. HjSO, turns indigo-blue on warm¬ 
ing. On distillation with zinc-dust it yields a 


■'tOlIv 

small quantity of a hydrocarbon 0„Hj, whiih 
forms plates ;nelting at [187®].—C, 4 U„(NflJOJ^s 
Acetyl derivative. Yellow crystals, sol 
alcohol and acetic acid, insol. water (P'urth, B« 
16, 2169). 

Buflcocoiu OibHi^O*. Formed as above. 
Brick-red powder, si. sol. warm water and ether, 
m.sol.^hlcohol. The etliereal solutions fluoresce , 
green. Tho alkaline ^glutioiis are brown. 
Cbnc. H..SO 4 forma a violet solut^n.— 

CuC,,fTA‘ • 

• Compound 0 a.jr..„O, 3 . BlRck insoluble pow¬ 
der. I’oiJiia violet Kolutions in KUHAq and 
cone. IPSO 4 . Jb)tl» this compound and rufi 
coccin givo^Cj^H,.^ [1.87’^J^vhcn distilled over • 
zinc-dust. • 

Carmine C,,H,20,. Formed by boiling 
carminic acm witli dilute 1PS\), (u. supra). 
Dark purple mass with green lustre; scarlet 
when powdered. Alcohol and wator form red 
solutions, ^usol. ether. *Potasl»-fnsiori forms 
cocciiiin. Water at 200° forms ruliearmine 
C.bH,..G o--Salta: K^C.jHioO,. CaC„n,„0;aaq 
— l)aO,,TI,^,0; — ZnO,,UmO,araq. — 

Zn( 0 ,jH,,O ;)2 a*aq. 

If otrniiiic-red bo dis-solvod in acetic acid, 
and treated with bromine two pro«lucts arc ob¬ 
tained, named provisionally (o)- and (i3)-5rowio- 
carmine. Tlio (a)-bvomo-carmino ia sparingly 
Boluhlo in acetic acid and sisparatos in crystals 
(yield: 10p.c.), whilst the nmorpluma (i3)-bromo- 
carmino remains in solution and is ppd. on 
adding water, (tho yield is 20 p.c.). 

* (a) Bromo-carmino ’ Ci,,ll,lh ’|03 crystalliacfl 
in tjolourle.ss iH 3 <!dles, [ 2?8 ^j, v. sol. alkalis. By 
boiling will- strong aqueous KOI I it gives 

‘ (a) - Bromo -tlioxy - carmine,’ so called, 
C,„IJ„Br.X)„ which forms colourless crystals, 
[208°J. i>y its behaviour on ctlieriticalion it is 
shown to contain mie COJI and one phenolic 
on groun. On oxidating wilh KMnO^it yields 
twohoflie..:-—(a) An acid G„H .IhM which forma 
colourless crystal^ f2lV‘J. By its reactions on 
nndhylation it is proved to conffiiii one Oil 
aufl CO,II group, wlien%e it jirohably has the 
(;oii'<titut'ori 0.(011 ,)Jjr.,(Oil) (CJIO)CO.,V or 

C..II(Q 4 £.,)Br 3 ( 0 1 l)00.00.,'U. (/>) A neutral body 

which by its reactions is 
nliown to bi‘ a di-broinO'Oxv-mcthyl-phthalic 
anhydride C,.MeBr.,(0}l)(-U>/0 [l:2:I:a:5:6]. 

‘ (0)-Bromo-carmiiie,’ so called, is the second 
product of the bromimition of carmine-red, and 
sep.-ii 'tes in yellow amm-phoiis flocks on adding 
Wi'.crto the geetie acifl solution. It is v. sol, 
alcohol, azotic aciA out ^'ould nob bo ob-^ 
l.ained in a pure }/ito. !>.'» boiliiig with strong 
aqueous KOII it ia ‘''’'iv‘-*rted int 8 

‘ ( 8 )-Bromo-oxy-car:niiie ’ 0 ,,JI,,Br 304 , which 
fonn.s glisb ning yellow needles, [232°]. It is ^ 
di-lmsic acid uid f)^ms red salts. On oxidation 
with KMnO, it yields two bodies:—(a) An acid 
0,JIJ3r..0.i whifth forms colourless prisms 
(containiSJg aqA melts at [230°] with evolu¬ 
tion of CO,. From its reactions it probably haft 
•the constitution 0 , MeBr 2 ( 0 H)(COdi)C 0 .C 0 . 2 S 3 
( 6 ) A neutral body identical with tha^ 

obtained from tho ‘ (a)-bromo^xy.cannine ’ 
(Will a. Leymann, D. 18, 3180). 

OARMUFELLIO ACID An acid 

said to be formed by the action #f HNO, on the 
aqueous extract of cloves. Micaceous ysoalea. 
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inaol. alcohol, ether, and cold water (Muspratt 

*• OUained from the leaves 

ol Capemicia cerifera in Brazil, and largely used 
there lor making candles. It contains myticy- 

lic alcohol, 0ACH.,0H [85-6°], a hydroca^ 

rsgsi and compound ethers derived from the 
following alcohols and acids : niyricyl atcohol ; 

•.n alcohol C,„H„,ClUpfI [70° ; 
alcohffl C«H4 CH,OiT) 

ide of Ijfiiocenc acid, C..j,H 47 CO.jtl [7^ & j, ag 
acid isomeric or'identical with cerotio acid 
ft H CO.H 179°!; and an oxy-acid of the 
iomSk C,lL(CH.,pn)(CO or its lactone 
' [103-6°]. The alcojiol C.jjltiJCTIjO^I). gives on 
Nidation an acid C.SH„(C(VI). [109-.f ]; and 
the oxy-acid 0„H,.(CH OH)(CO.^ 
B0idC,.H3.(CO'dl).,[90 ] (Mureke, A. ^-^3. , 

cf. Lewy, A. Oh. [3] 13. 438 ; Brandos T. 1811, 
261; Masltelync, C. J- 22, B7; Bcnvid, 2. [2] 4, 
416). The greater part of the wa^* is niyncyl 
cerotate and myricyl alcohol. 

CAKNIN£ A substance occurring 

In extract of meat, and in the product of boiling 
yeast with water (Weidel, A. 158, 353 ; SchuU- 
enberger, C. If. 78. 493). Obtained by* boiling 
with water the pp. thrown down from moat 
extract by lead acetate; the carnme crystallises 
from the evaporated filtrate (Kruckenberg a. 
Wagner, C. C. 1884,107). Crystallises with mi, 

V. 8l. sol. cold water, insol. alcohol and ether. 
Bromine-water converts it into hypoxantlune 
C H N.O.- BlICl: needles.—B'.JT.lHCl,;. 

* CARPENE C„H„. (156°). Obtained, toge¬ 

ther with p-cresol, by'distilling calcium pobo- 
carpato. Oil, smelling of turpentine; rcsimlies 
in the air. Forms an oily odmpound with bio- 
mine (Oudemans, B. 6,1125; A. 170, 252). 

CAKKOTIN C,,1I„(?) Cnrrotcne Ihc 
colouring matter of the carrot (Caucus Cauna) 
(Waokenroder. Geiger'$ Mag. 33, 144; ^eise, 
J. vr. 40, 297; Iluseiimiin, A. 117, 3Uil). 
Occurs also as a nornihl ci»nstil-iont in the 
leaves of plifhts, and in the tBinalo (Arnaiid, 
C. B. 102,1119; 104,11J3; Bl. [2J 4b, 487 ; 48, 
64). ^Inasmuch as no other coknu-ed liyilio- 
carbon is known, carrotin probably ci^itains 

oxygen. ^ J 

PreporafioM—'i'lio roots are cut up and 
pressed, dried at 80° and extracted with 08.^ 
The juice is ppd. with lead acetate and the pp. 

also extracted with CS,. Carrotin, hydrocan-otin, 

and fat arc obtained from tlio OS,, solutions. 
The fat is saponified with.alci^iolio potash. 
Water <-,nd BaC'. are " MJ*.-. Tlie Ep. is dried 
'and extracted with acetone. On recrystaUismg 
from methyl alcohol hydrocurrotin separates out 
first (lleinitzer, M. 7, 507). 

Properties. —Small red plates, v. sol. 0®;;* 
‘benzene; v. si. sol. absollitet'alcohol; and less 
Bol. 90 p.c. alcohol. Insol. Aip Kapidly absorbs 
oxygen from the air. DissolvcC in conc. IBSO, 
giving a deep blue colour. Yiebls a ^.nvatne 
C^iLl with iodine; this has a deep green 
colour, and metallic ‘lustre. Chlorine forms a 
chloro- derivative [120°$ ‘ 

Hydiocarf'otin Cj„n„0 (?), [138 ]. [o]i,“ 
-37-4° in CIICl, at-3-4°. Prepared as above. 
Greatly resembles cliolesterin. Colourless, iirsoh 
water, v, sol. talcohol, acetono ether, CllCl* 
and <}S, Crystallises from acetone in long 


needlfes, and from methyl alcohol in plates eon- 
taming water. Besemblea Liebermann's oholes- 
tol and Hesse’s oil^ireol but diflera from phy- 
tosterin (Boinitzer, K. 7, 697). • 

AcetyiHerit&UveinS ^; coloured green 
by H.jS0„ and rose by addition of chloroform. 
Benzoyl derivative [146°]. 

CAETHAMIH C„H,.0,. The colouring 
matter of salHUjer {Ciyrthatms frnctorfits) (yhev- 
reul ; Sohlicper, A. 58, 362). Washed safflower 
is treated with aqueous N%CO„ ocotic*acid is 
added and pieces of cotton are put m. ino 
carthamino that has been taken up by the 
cotton is subsequently dissolved off i t by aqueous 
Na.,CO., and ppd. by citric acid. Powder with 
red lustre (from alcohol); si. sol. ,viater, insol. 
ether, v. sol. alcohol. Its alcoholic solution is 
purtile. Decomposed by boiling lyith water or 
alkalis. Potash-fusion gives oxalic and p-oxy- 
benzoio acids (Malin, A. 136, 117). /nxii 

CAKVACBOL. 0,„H„0 t.c. C,H,McPr((«) 
[1:4:2]. Cymenol. Mol.w. m [o.O ]. (237 i.V.). 
SG.1-- -986. /u,,. 1-5252. H-F. p. 68,181 

(C.O )■= 94,000 ; (K„0) = 69,000) (Stohmann, 

J. nr. [2] 34, 319). Oce.irs in the essential oil 
of Oriiiannm hirtum and, together w4th cymone 
and a terpeno, in oil of Satureja hortenne and 
S. montana-, in oil of mint ^ fiymus 

Bcrpylltim (Jalins, Ar. Pn. [3] 3,®’ 

810 ; Haller, Bl. [2] 37, 411; C. B. 94, 132; 
Beyer, dr. P/i. [3] 21, 283). • 

Fmmation.—l. By boiling oarvol (60 pts.) 
diluted with oil of caraway (50 pts.) with glacial 
phosphoric acid (12 pts.) for 3 or 4 houra (Bustig, 

B 10 11 - cf. Viilekel, A. 35, 308; 8i>, 240, 
KekulC- a. Fleischer, C.«6, 1088; Kreysler, B. 18, 
1704).—2. From camphor (5 pts.) by boiling with 
iodine (1 pt.) (Kekuhi a. Fleischer, B. 6, 934; 
cf. Claus, J. pr. ‘2{<. 264; Soliwoizer, J. pr. 2b, 
118- A 40,3-29).—3. .ffroin bromo-eamphor and 
ZnCl, (Sehiff, B. 13, 1408).-4. Pure camphqc: 
cvme'ne is converted into its monosulphonie 
acid and the latter carefully fused VJitli 3 pts. 
of KOII (Jacobsen, B. 11, 1060; cf. Pott, B. 2, 
1-21; H. Miiller, B. 2, 130). 

Proverties.-OW. FOjClj colours Its alco¬ 
holic solution green. . . 

Beactions.- 1. On fusing with KOH iso- 
oxycumiuio acid CjII|(COjH)(OH)C,H, [1.-.4] is 
lirst formed and Onally oxy-tereplithulie acid is 
produced (B. 11, lOOO).-2. P.,S, gives cymene 
ind thio-carvacrol C,„H,,S.-3. P-A fo™» 
cresol and pi-ouyleuc.-4. Fe,Cl„ gives di-cai-va- 
t 5 rol —5. PCI- forms chloro-cymcne.—0. JJiazc- 
benzene forms CJl ^ 

and CJIMePi-(OH)(.V,CJI:.)-i (126°] (Mazzara, 
0. 15, 214).—7. Chloro-acclic acid in presence 
of an’i'lkalVforms carvacryl-glycoUio acid 

C H,.,().CH,..CO,U. - 8. H,,SO, forms one or two 
sulphonio do'ids of the 

Accoftiing to Jahns one only is formed, its salts 
being: KA'aq. - AgA‘2aq.—BaA^Saq. S. 12-6 
at 15°.—MgA'jl2aq. 

godium 8alt.-C„H„0Ka: white erystal- 

*™*Xi!fhvi ethet* C,oH„OMe. (21p- S-G. 
s -964 (Paterno a. Pisati, B. 8, 71; G. 6, 18). 
FoBna with II,,SO, two acids 0|oH,j(SOjH)(OMo) 
whose salts are BaA', 3Jaq: v. si. sol. water, 

and BaA', .5aq, V. sol. water. 

Ethyl ether C„H.iOEt: (236°); oilhavmg 
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ui odour ot carrots (Lustig, B. 19, 11; C. C. 0. 12, 49). Prisms, vi e, sol. a&opD], 

1884,787). ■ ohloroform. • ' V ' " 

Aeett/l derivative. «,.H,.OAo : (246°). CABVACBtl. MEEOAPTAW 0,.H„S 
S.G. ^ I'Oll^ colourless liquid heavier than C||HjMePr(SH) [1:4:2]. (236°). S.O. ‘Z2 •998. 

water. •* #• hrom camphor or carvacrol and P^S, (Flesoh, B. 

Beneoyl derivative C,oII,jOBz: (above 6,478; Iloderburg.B.6,669; KekuUa.Fleiselier, 
260°); thick odourless oil. B. 6, 934). Liquid. HNO, oxidises it to sulpho- 

Sicarvacrol. C^oHj^Oj. [154°]. Formed by tolnio »eid (Bechler, J. [2] 8, 168). 
the actioil of neatral ^o..Clj carvacrol Salts.—lIg(0|„H„,S)^ [109°] (Fittion, A. 

(Dianin, J. B. 14, 14p. Thin silky needles IK, 32?). — C|„il,jS.l^Cl. — CuHuSjV*. — 
(from dMnte alcohol) ; Tnsol. water, v. sol. alco- C,„H|,.SAgAgNOj. • 

hoi and ether. • Methyl ether C,„II,,,SM«. (244°). S.G.-99. 

o-CABVACBOTIC ACID C,„H,,(OII)CO,lI. TRI-CAEVACBYI. PHOSPHATE 

Oxy-cymene-carboxylio acid. *[136“]. Fvopared rO(OC,„H,.|)j. (75°]. Colourlessprisnft or tables, 
by passfhg CO„ over heated sodium carvacrol. E!i,silysolubleinalcohol,etlfcj,andbenzene,more 
White silkjapcedlcs. Sublimable. V. sol. hot sparingly in*petioleum-ctlMir. Formed by heat- 
water, alcohol, and ether, nearly insol. cold Ing carvacrol with POClj; yield, 55-60 p.o. of the 
water. Alcoholic Fe..CL gives a violet colollra- theoretical (Wc,! j'slcr, n. 18, ITO-H. 
tion (Lustig, !6.19,18). CAKVACRYL-PHOSPHOR'IC ACID 

jp-Carvacrotic acid C,JI, 2 ( 01 I)C 0 .H. Oxy- C^HiMel'r.O.rOan.; [l: l:2j. l-’ormed by the action 
cymene~carboxylic acid. [80°]. -Obtained by of POCI 3 n|^n carvacrol, ^and treatment with 
oxidationofcarvacrotipfl<lehyde(fror)icarvacrol, aqueous KoCO.,. Tlic potassium suit A'K.'iaQ 
CHClg, and NaOII) with KMnO,. Long wliito forms large silvery plates. By alkaline KMnO^ 
Bilky needles. Caj? bo sublimed and distilled' it is oxidised to oxyisopropyl-salieylio aciJ 
with steam. V. sol. hot water, alcohol, and 0 ,JI.,(CMoX)H)(OIT)C 02 U[ 4 ; 2 :ij (Ilcymann a. 
ether, nearly insol. cold water. tJreon coloura- Konigs^/if. 19, JS3()9). 

tion with alcoholic Fe.Cis (Lustig, B. 19,10). TETRA-CARVACRYL SILICATE Si(OC,oH, 9 ) 4 . 

p-CABVACROTIC ALDEHYDE (:;80°-W) at 118 mm. Colourless oil. Formed 

OuIL^(CHa)(C 3 Hy){OH)(C}IIO) [1:4:2:5] (?) Oxy- by heating carvacrol with SiCl,; the yield ia 
aldehydo-cyvicne. (c. 236°). Formed by lieaiing 80 p.c. of tlie theoretical (Hertkorn, B. 18, 1694). 
carvacrol with aqueous NaOII and chiorofonn. CARVACRYL-SULPHDRIC ACID 
Oil. Volatile with steam (Lustig, B. 19, 14). 0 .. 1 l 3 Merr. 0 .S 0 .,II [1:4:2]. Cumyl-sulpUuricacidr. 

An isomeride [96°] has also been described The 7 X‘f<£.s.s)(//a aalt is formed by adding potas- 
as j)*carvacrotic aldehyde. It is left as a rcsi- sium [lyrosulphate to a warm solution of car- 
due after distilling off the volatile aldehyde vowrol in afpieous KOII.* Silvery plates. V. sol. 
with steam. White silliy Hat plates. Easily water and rleohol. By alkaline permariganato- 
soluble in alcohol, ether, and benzene, sparingly it is oxidised t# oxyisoproi)yl- 8 alicylic acid 
in hot water, insoluble in cold water (Nord- C,JI,{CMi\,()H)(OII)C0^1 [4:2:lj (ilcymann a. 
mann. B. 17, 2032). ^ Konigs, /7. 19, 3309). 

CARVACRYL-AMINE»C,„TI,qNlI.. MethyU CARVENE. A terpeno present in oil of 
j(fopyl-p}ie7iyUamine. (212°). Formed, together caraway, v. TKurKNKS. 
with di-oarvacryl-ainine, by lioaiing carvjicrol Nitrose.caivene CAivoxim. 

with amironiacal ZnBr^ or ZuCl.. and MI,Br CARVEOL O,.!!,.,.®!!. (219°). Thick HukK 

ov NH,C1 at 360°-300° ; yield, 2oHo'.9 p.c. Formed by rodvolion of carvol wildi sodium and 
Colourless oil, which solidities at —16° alcohol. With phenyl ^'unato it reacts to formi 
B'^H-^CL^FtCl^: yellow prisms, si. sol. hot water, caivcyl-phenyhcarbamato [ 8 -l°J (Leuchart, B, 
Acetyl deryyalive C,orI,;,.NHAc: [113°]; 20, 114). 
white glistening tables; si. sol. hot water, v. sol. CAlVEYL PHENYL-CARBAMATE 
warm alcohol. C,„H, 50 .CO.NFhH. [81°]. Formed by the action 

Benzoyl derivative C,„TT, 3 .NHBz • of phenyl cyanate upon earveol CmHjj.OH. 
[102°]; flat glistening crystals; nearly insol. Slender needles. V. sol. hot alcohol, si. sol* 
water, si. sol. cold alcohol, v. sol. hot alcohol, ether and ligroin (fjouchurt, B. 20, 114). 
and benzene (Lloyd, B. 20, 1201b CARVOL C,„H,,0. (228°) (It. Schiff, B. 19» 

Di-carvacryl-amine (0,oil, j.NTT. (3-14°- 5<‘i). S.G. •9(>^7 (Ciia<lstono, C./. 49, 621); 
348°). Formed as above, the yield is 27 I 0 ...y'lr. i'/t. [3j 22, 361). 

40 p.c. Colourless oil. V. sol. aleohol, other, ju„ l'5()2Cr (O.). Ha ((j.). S.V. 190*2^. 

and benzene. Its solution iu cone. It.SO, is IJ.F.p. 48,250 ((C, 0 .) = 91,000;i(H3,0)^*69,000) 
coloured blue by nitrites and nitrafes. •jBTlCl. (Stohmann, J.p.. [2] 34, 322). 

_BtH^CA-PtCli. Occuri-t^ncc .—In oil of caraway {oleum carvti 

Acetih derivative (C.olI,a)j»Ao : [78°]; together with car^ei.o (173°) (Yolckel, A. 8fl^ 
white gli^ning scales; v. sol. hot alcollfil and 216). In oil''4 dill (/Bici/iww//rawolcws) and of 
ligroin, si. sol. in the cold^Lloyd, B. 20, 1261). mint (Mcnhia cxisfxi). Tiie carvol in the oils of 
OARVACRYL-GflYCOLLIC ACID i.e. carawajfcand ^f dill is dextro-rotatory, but that 

0,oH,,O.CH.^.COaH. [140°]. From carwrol, from oil of mint is lievo-rotatory [o]u=-62*40 
ohloro-acetio acid and po^sli (Spica, G. 10^45).< at 2° (Beyer, Ar. 77i. [3^ 21, 2t^). According 
Flat needles.—PbA'.—AgA\ • to Fliickiger (-Ir. 22, 361) the rotatory 

Bthyl ether 10.100°]. (289°). power of carvol is [o]i, = 58*2°. 4 

Amide C,2n„02,NH.« [68°J. * Properiic,«5.-2-Liqmd. Carvol from all three 

CAEVACBYL-LAGTIC ACID C^MisOj i.c. sources forms the same crystalline compound 
C,oH,jO.CMeH.CO.^. [74°]. From 6arvacrol. (C,uH,^0),lI,S [187°] when is passed into 
a-chloro-propionio acid, and potash (Scichilone, its alcoholic solution. When prepared fmm oil* 



712 CARVOl.. 


ot caraway or o( dill this compouad ia dextro¬ 
rotatory, [a],, =. + 6’6‘’ at 20°, but when obtained 
from oil of mint it is lievo-rotatory, Mn™ — 6-6° 
at 20°. Dilute alcobolio KOH in the cold libe¬ 
rates carvol from this oomponnd. Protracted 
treatment with H^S converts carvol in alcoholic 
solution into the amorphou8*(0,jH„S)jHjS. 

Reactions. —1. Distillation over solid KOH 
or PjO, changes carvol into the isomeric oarva- 
croyjtekalfi a. Plcis^.or, B. 6,1088).—2. PjS, 
forms c^'mene. — 3. P^Sj gives thio-cair'acrol 
C„H„SH.—4. Dietillation over heated siiic-dttit 
gives 0„H|, (173°) and cymeno (Arndt, X, [2] 4, 
730; B. 7, 204).—5. Sodium in alcohol forma 
carved (<y. u.).—6. IDry IICl gas passed into a 
mixture of carvol ^l.jnol.) and aceCo-acnlic ether 
(1 mol.) forma the compound C,„Hj.,C10, pos¬ 
sibly C,H,5Cl;C(OH).CH(CO.CHj)»10jKt. (14(1°). 
(ilistening white prisms (OoldBohmidt a. Kisser, 
B. 20,48!)).—7. Uydroxylamine forms the oxim, 
0 . CAnvoxiM. 

Carvol - phenyl - hydraside C|„'l„:N 3 lIC„ns. 
[106°]. Formed by the action of phenyl-hydra- 
xine on carvol (Ooldaclimidt, B. 17, 1.778). 
Slender white needles, Sol. hot water. 

Carvol-chloro-hydride C„1I,5C10. ,,Hydro- 
ohlorocarool. Oil. Formed by leading dry IlCl 
into carvol. 

Oxim C,„H„Cl(NOH); [132°]; tables. 

Formed by the action of hydroxylamine upon 
carvol-chloro-hydride or ot HCI upon carvoxim. 

Benioyl-oxim C,„HuCl(NO!!z): [115°]; 
needles (from petroleum-spirit) (Goldschmidt a. 
Ziirrer, B. 18, 2220). 

Phenyl - hydraMde C,jII, 5 Cl(NjlIPh) : 
[137°]; small while prisms. 

Carvol bromo-hydride CuHijBrO. Oil. Re¬ 
composing at about 50°. 

Oxim C„H,iI!r(NOH): [116°]; prisms 

(from ligroin). 

Phenyl • hydrazidc C|„H,,,Br(N..TIPh) : 
[119°]; slender yclloW ne<;dlea (Goldschmidt a. 
Kisser, B. 20, 488, 2071)x 

Constitution of carvol. . 

lie- ePr =OH 

Carvol I I 

lie—CMoII -CO ,, 
is probably the pseudo-form of 
IIC-Cl‘r-CH 

Carvacrol | | 

lie - CMo==C(OH) 

(Ooldschmidt, B. 20, 4!I0). Acconllng to Glad¬ 
stone iC. J. 40, 621) the presence of two pairs 
of douoly-linked atoms CiVrboir in the mole- 
iCule of t'arvol is.'n-’'...ecu ly its mdlccular re¬ 
fraction. I 

CARVOXIl^ C,„H„;N(OfI). Nitroso-hesperi- 
dene ornitroso-carvcuc. [71*^]. Lar^o colourless 
^♦.ransparent plates. Sol. /".cijls aiul alkalis. 

1. By the action of hytUoxyl- 
amine upon carvol.—2» By glassing nitrosyl 
chloride into a methyl*aIcohul|p so^Uion of 
carvene, and heating to its mciting-poiut the 
crystalline hyirochlojide C,„H,„ONCl wliicli pre-, 
cipitates. 

Bcaction$f—l. By heating with dilute 11.^80, 
carvol is regenerated.—2. By passing IICI gas 
into its methyhalcoholic solution the oxim of 
carvol chloro-hydride supra) is formed. 

BlICl; white crystalline 


solid*; decomposed by water; zormea oy pasaiug 
HCi into the ethereal solution. 

Methyl etheP Ci»H,4:N(OMe):•colourless 
fluid. 0 

Bem<^.derir-ativ6 C,^H,4:N(OBz): [%% 
white glistening needles, v. sol. alcohol and 
benzene (Goldschmidt a. Zttrrer, B. 17,1677; 
18, 1729). 

I 80 -oarvo«m Oio^u(NQH). [1434], possibly 
Obtained, together 

with a small quantity of carvoxim, by the action 
of excess of hydroxylamine on a solution of 
carvol »hlorohydr\de or bromo-hydride in alcohol 
(Goldschmidt a. Kisser, B. 20, 2071). ♦Needles, 
si. sol. alcohol; sol. acids and alkojlis. Unlike 
carvoxim, it does not combine with^ HCI or HBr. 
Dilate Ii.SO, forms carvacrol and a compound 
C„H„N0 [94^]. ^ 

Benzoyl derivative : 

[112°]; scales, v. sol. alcohol. 

CAKVYLAMINE Formed by 

reduction of carvoxim C^uHn.NOII in alcoholic 
' solution, by sodiuin-aiualgam and acetic acid. 
Colourless liquid, of {{trungly aromatic basic 
odour. Ileadily absorbs CO.^, from, the air.— 
B'flCl: [c. 180°], sicndef silky needles (from 
alcohol). 

Benzoyl ^fcrivafii;..C,uH,3.NHBz:[169°]; 
white needles (Goldschmidt a. Kisser, B. 
20, 4R(>). 

CARYOPHYLLIN CJI^O^ (?) A substance 
that may be extracted l>y alcohol from cloves, 
Iluj dried tlowcr-buds of Caryop]\ijlliis aroma- 
tiem (Mylitis, B. J. 22, 4r»2; Muspratt, Ph. 
10, dhi). Silky neodUjs in stellate groups ; sub* 
Uinos at about 28')°. SI. sol. cold alcoliol, sol. 
boiling alkalis. BOI 5 forms C^oH^-iOjCl and 
C.„H„,0,C1, 

Acetyl deri-vaUve [184°]. Monoclinio 
crystals (Hjelt, B. 13, KOO). ^ 

Caryophyllic acid From caryo* 

phylliii and fuming UNO., (Mylius, C, 1053). 
Amor#rboil%; si.sol. water, v. sol. alcohol, ether, 
and HOAc. May be crystallised from fuming 
UNO,. 

Salts. -Na,A"".—Ag,A"".- Ba,A""l.',aq. 

CASCAKILIIN C,,U„0,. [205°]. S. -127 at 
100*^; S. (alcohol) 3-i{3 at 8°. Extracted from 
licascarilla bark (from (Uoton Klcn<ht’rUi and 
Cascarilla) by boiling water (Mylius, B. (>, 1051; 
c/. Tuson, C. J. 17, 195; Duval, J. Ph. [3] 
8, 91). Minute prisms (from alcohol); tastes 
bitter. Not auuotod by boilingdilnte IICI. Can* 
carilla bark also contains a volatile oil (17S‘*> 
180 °). 

CASEIN V. PaoTEjns. 

CAEKO^K V. PllOTElDS. , 

CASSONIC ACID C^HgO,. Formed, together 
with i;accharic and oxalic acids, in i\iC oxidation 
of cane sugar by UNO, ^Siewert, InstUtd. 21,78), 
Also from glyconic Itcid and UNO, (Hbnig, j*. 
1879, 6(f7). Syrup. Reduces ammoniacal 
AgN^^j to a mirror.— paA"a:aq. 

C^STORIN. Ca^toroum is a hard black sub¬ 
stance (soft when uesh) found in a pair of small 
sacg situated in the genital organs of the beaver 
{C&tor ‘.fiber and ameiicamts). An alcoholic 
extract deposits first fat, and then castorin. 
Gastoreum also contains a volatile pungent oil. 
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ehoI«sten'n, a resin, protelda, CaCOj, anl in- 
organio s^ts (Valenciennes, 3. 1801, 803). 

CASTOR on,.' A fatty oil obtained by 
pressure froiS the seeds of Ricinus communis, 
it Bolidides at about —18°, S.Gi^tbout 'OOO 
at 12°, and is dextro-rotatory, [a] •> 12° (Popp, 
Ar. Ph. [2] 146,233). Castor oil consists chiefly 
of glycerides of stearic and ricinolcic acids. It 
is complexly dis 80 ^ed 1^ 5 vcft. of 90 p.o. 
alcohol (Hager, C. C. 1|70, 389). Dry distilla¬ 
tion gives acrolein, cenanthol (heptoic aldehyde) 
and an acid (0|,Ha,0.Jj: (Hussy a.X,ccanu, J. Ph. 
13, 67; Stanek, 3. pr. 03, IjS; Leeds, B. 10, 
290; Kjaflt a. Brunner, B. 17, 2985).*HNO, 
oxidises it to heptoic, oxalic, azclaic, suberic, 
and (/3)-piJf*lio acids (Arppe, A. 120, 288). 
The products obtained by saponifying castor^oil 
and distillingitlie resulting alkaline ricinoloato 
alone or with NaOH are methyl licxyl ketone, 
sec-octyl alcohol, and sebacic acid (Ncison, C. J, 
27, 507, 837). Cone. HjSO, oonveris castor oil 
into ricinyl - sulphusif? acid C|hH 3 ;, 0 ,;OH():, 11 , 
which by the addition of wtter breaks up into I 
ricinolcic acid and H.SO,. Prom the fatty acids 
derived from the Turkc^-rcd oil prepared from 
castor oil, (ilystals of^ di-oxy-stearie acid sepa¬ 
rate after some time (Bcncdikt a. tllzcr, M. 8, 
911)- r> 

CATALPIC ACID C„H,.0,. [200°]. Ex¬ 

tracted by ether from decoctions of the siligua- 
ccous capsule of the Bignutiiu Culaljxt, It may 
be isonieric with hydrocardenic acid (Sardo, (/. 
14,134). Large white crystals, v. si. sol. water, 
sol. alcohol a^d ether. — BaC,,11,-0,, flag: white 
glistening lamimc.—Ag-A": a white pp. 

CATALYSIS V. CiiKMiffAL cuasoe. 

CATECHINS C,„H„0,3a(i (lllasiwetz; Cross 
a. Bevan, C. J. 41, 92); C, H„0, (Elli, M. 2, 
647); C.,,ll2i,0„ (Liebormann i^ Tauchcrt, B- 13, 
694); C,„n„0„ and C,,]*,„0,. (Oantior, C. B. 
00, 008). T’iiis name has been given to various 
compounds contained in catechu or Terra japo- 
nica which is extracted by boiling vjjator from 
the fruits or twigs of a variety of plants : Bom¬ 
bay catechu from tlie fruit of Art'ca CntccliU, 
Bengal catechu from twigs and unripe pods of 
Acacia (or Minima) Cutcchu^ Oainbir catechu 
from Nauclca {Uncaria) Qavibir, and Nubiiur 
catechu from some Acacia. Catechu is used in 
dyeing. * 

Cateohin C..|II„0, (Gautier, C. H. 8.0, 752); 
C,„1I„0, daa (C. a. B.); C,,H .„0,.5iu| (L. a. T.). 
[217°]. S. (alcohol) 20 at 15“,; (ether) -8 at 
15° (Waekenroder, A. 37, 311). Obtained from 
Bombay catochu by washing with water and 
crystallising from acetic ether (L. a.; Lowe, 
JiV. 13, 113; Zwenger, A. 37, 320; Neubauer, A. 
90, 337 ;m Kraut a. Van Delden, A“ 128, 285; 
Hla6#wetz a. Malin, A. 131, 118; Etti, A. 180, 
337; SchiAzenberger, Bl. [2] 4, 5; Saoc,^C. li. 
63,1102). 

Properties.—Sm^l n«jdlc3 (from water). 
V. si. sol. cold water, v. sol. hot vfater and 
acetic ether. The aqueous solution is colsprcd 
green by ECjClj. The solution in KOHAq ab¬ 
sorbs oxygen, turning brown.%Lead acetatcqjives 
in aqueous solution a pp. of (C2,H.»0„).3Pb0 (?) 
Catechin solutions are ppd. by albumen, *ut 
not by gelatin. . 

Beocfioits.— 1. Boiling dilute forms 


0„H,„C1,0,2? (Cross a. Bevan, O. 3..il, 92) 
which is turned crimson by Na^SO^ Catechu- 
tannic acid does the same.—3. Br gives bromo- 
catcohuretin Cj,H,Br,0,?, a red insoluble powder. 

4. Water and I'lj give C2,H.2„0„ an elastic 
insoluble moss. — 5. HO Ac and BaO, give 
Cj,IL„0|„ a colonrftiss powder which melts below 
100° (Sohiitzonberger a. Hack, Bl. 4, 8).— . 
0. Aqueous KjCr-p, forms C.2|H„0,„, a brown 
insoluble powder.—7. PoTash-fusion gives ^hlo- 
logludin and protocatochmc acid (Hlai^wetz, A. 
131, 118).—8. Dry disiiUatifin gives pyrucate- 
Chin.—9. Boiling dilute ll.^HO, formj insoluble 
C.j|ll,,0, (Nculi.'iner, A. 9(L .351)), or CmH,„0|.j 
(E tti).—10. ^foiling dilute Kujil fonnsC 2 ,lI,„ 0 ,(?j 
a brown powder, sol. alcohol and alkalis.—11. 
HI gives iodotom and other products (G.). 

Di-acelijl derivative Co|ll,,0,-(()Ac).2: 
[131°] ; needles or prisms, i^oluljlo in ordinary 
solvents oxccjit water and ligroin (L. a. T.). 

Di-bent^yl derivative C..|lInO,(OBz)j. 
Flocoulcnt brown substance (S. a. it.). 
Diacctyl-dichloro-cate chin 

C-,H,„Cl..(OAo).0,: [109°]; needles. Sol. al¬ 
cohol, si. sol. ether. 

DicKctyl-bromo-catechin 
C.,,H„l!r(OAc).,0/, [120°]. White needles. Sol. 
alcohol, si. sol. ether. 

Cateohuretin 0,..II„,0„Caq(?) or C„H.2,0|y 
Formed by passing HCl into a boiling alcoholic 
solution of cutccliin (Kraut a. Delden, A. 128, 
291). Formed also by lieating catechin with 
eonc. HCl at 170°. Dark reddish-brown in¬ 
soluble powder. Not changed at 190°. 

*Di-benriiyl derivative Cj|H„BZjO,(?) 
Formed, to;, liier witli di-hcnzoyl-catochin by 
heating catechin *\vilh BzCl at 190'. Brown 
mass. 

Catechin C,„n,„0,„ 2aq. (20.5°). S. 9-9 at 
60°. Occurs r/cording to Gautier (C. R. 80, 
008) ill (biiiihir-catccliii J;ogetlier with the two 
tollowiii.,; cull chins ; *thcy arc extracted by alco¬ 
hol and ciyshillis* aft#r evaporation with excln- 
sion of air. Mitnoclinic prisms. • 

Catechin C,;Hj,0,„ ac].«[177°]. Minute needles 
(ti. sain-a). • 

Califchin C,„Hj,0|,aq. [103°]. S. 6-3 at 60°. 
Minute needles (v. supra). 

Catechin C,,H, 30 ,iiq. According to Etti 
(M. 2,547) this is the formula of the catechin in 
Giimhir andl’e;;u e.-itecliiiis. At 100° it hccomos 
C|,H|,0*, at 100° calecliiitannic acid 03 „H 3 , 0 |j 
and si 180° C,„ll,,-0,,. The latter is also got 
by heating ciiiccliiji for some time with diluto 
, 01 * V. • . , 

Jteaetious. -1. Diazohenzene chloride gives 
(CJl N...)-C„H|„0„a red cryslallHie pp.sol. alco¬ 
hol liiiid 'ether ; it dyes w'ool golden-brown.— 
2. Dilute H SO, (1:8) at 110° gives phloroglucii^ 

and pyroeiili: hill. • 

Catechin C,.,H„0„. (Hiu’J. In mahogany 
lAcajuu) (GantiiJ, Bl. [2) 30, ,508). Latour a. 
Cazciicute {Bk [21 21, 119) give this catechin 
the formula CaH;,,!),. 

• Catechin C,..H 3 /)... [ ;10°]. In brown cate¬ 
chu (G.). $ 

CATECHOL V. I’viioCATitciiiu. % 

CATf.CHDIC ACID v. Oatechin and PnOTO- 

CATECUOIO ACID. 

CATECHUTANNIC 


ACID f!.2,H„0.(7) 0* 


<!atoohuretin.-2. With IICl and KCIO, it gives j C„H„0„(?) Extracted by water from c|teohu. 
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Formeil also by beating catcchin a’one at 130”, 
with water at 110°, or by boiling it with alkalis, 
lime, or Pb(OH)j (Etti, A.. 18(>,it32 j L6we, J.pr, 
105, 32, 76; Z. [2] 5, 638; Fi. 12, 285). Dark 
reddish-brown powder. V. sol. acetic other, 
T. e. sol. alcohol, insol. ether; m. sol. water. It 
oxidises in the air. It gives S greyish-green pp. 
with FejCl,. It docs not pp. tartar-emettc. Its 
aqueous solution is wd. by gelatin, albumen, 
andi'jy dilate At 1(12’ it dliangeato 

C„Ii„0,f(7) which resembles catechutannlT! acid 
in all respects —(C..,H,,0,).,3Pb0. * 

CAT^RIiC ACID, i'ho active principle 
in senna leaves. It is a glueoside. It contains 
only 0, H, and Q,'^ Its lia and Pb salts are 
amorphous (Kubly, iSl. [2] 7, 350’; Stockman, 
I'll. [3] 15, 740; cf. Lassaigne a. Penouillo, A. 
Ch. [2] 10, 18', Bourgoin, C. li. 'ifi, 1449). 

CAUIOSTERlS V. CirOLF.HTEWN. 

CEQAE OIL. Obtained by distilling ^vitll 
water the wood of J^oiq^crus viryi^^iana. Con- 
taina cedreno and ecdar-ciitnphor. According 


articlb, however^ precludes such a treatment of 
the subject as would deal with lesser variations, 
and we shall therefbre coniine our attention to 
those celluloses which constitute ftie fully ela* 
borated pl^t dbfdli. Plant tissues seldom if 
ever consist of pure cellulose but contain be¬ 
sides other products of growth, either mechanic¬ 
ally bound up with the tissue, and therefore 
frequently rcis^pvable by mechanical tneans and 
by the action of simple solvents, or chetnicallif 
united to the cellulose; combinations*of this 
latter kind constitute the compound celhiloscSt 
and are only resol^.d by a chemical process. 

Prc^aration.~^\iB isolation of pure cellulose 
depends upon its relative insusceptflbility of 
chemical change. The general nj^hod of pre- i 
paration from raw fibrous materials consists in 
exjlosing the moist fibre or tissue the action of 
chlorine gas or bromine-water in the cold and 
subsequently boiling in a dilute alkaline solu¬ 
tion ; rexjeat^g this treatment until the alkaline 
solution no longer dissirUes anything from the 
to Bertagnini (C. It. 35, HOh) it contains a com-1 tissue or fibre. TJio cellulose is then washed 
pound which combines with NallSOa- I'with a dilute acid, water,,alcohol, and ether. 

Cedar-camphor (282'^). j and dried. 

V.D. 8*4 (calc. 7‘7). Crystalline mass <melli«g 


Pruperiks. —Obtained,in this way, or by tho 
ordinary process of bleaching from cotton or 
linen (flax), or in the form of Swedish filter 
IMilJcr, tlic typical cellulose is a white substance 
more or less transparent,' retaining the micro¬ 
scopic features of the raw fibre. 

The elementary composition is expressed by 
tho x^ercentago numbers (h*. Schulze): 

0 44 0 4l-2 

H 6-4 0-3 

O 4:)-6 49-5 

or by the corrcsx’^^^^l^^^'o empirical formula 
C,Jl,j, 05 . Tliese numbers roi^resent the com- 
I>osition of the*''dr.y and ash-free cellulose. 
Nearly all celluloses contain a certain propor¬ 
tion, however small, of mineralcon^tiiuents'^ 
the union of tbo.so with the urgi^io portion 
of th^ tibfij or tissue is of such a nature that 
the ash left on ignition preserves the fonii of 
the original. It is only in the growing point of 
certain young siioots that the ecllulose tissuo 
is sometimes found free from*‘mincral constitu¬ 
ents (Ilofmeistcr). The proportion of hyarosco- 
to constitute tho framework of tho vegetable moiature^ which is an essential,ponstituent 

• ' of cellulose under ordinary atmospheric con¬ 
ditions, varies from 7 lo9 p.c.; the mean variation 
due to variations in the hygrometric state of tho 
air is about l^p.c. 

Cellules-.^ is insoluble in all simple solvents; 
it is dissolved by certain reagents but only by 
virtue of a preceding constitutional modification. 
The mosL remarkable solvent of collulose is 
cuprainmonia (Schweitzer’s reagent) which it 
dissolves .without essential modification,'^ being 
reco»*cred by precipitation in a foiin which is 
chemically identical with tho original (Erdmann, 
J. pr. 7Gi 385), thoiligh differing in being amor- 

^>?eUnl 08 e in Its earlier stage of elaboration bag no 
action upon light, but wLh ago It aciinircs the property of 
il<>u\>le rcfructiou. action is independent of tbe state 
of aggregation of tUG cellulose and is therefore an essen¬ 
tial property of the substance itself (Sachs, Uxp, Phyi. d. 
p. 398). 

* Tluknargtmio constituents of bleached cotton amount 
to 0‘l-0»8 p.O. of its weight. In tho tnanufoctura of tlie 
'go-called Swedish paper, the proportion la reduced 
I specif treatment of tbe cellulose with aoidg. 


like cedar-wood. V. al. sol. water, v. sol. alco¬ 
hol. Distillation with sx>Uls it up into 
water and cedrene (Walter, A. Oh. [3] 1, 498). 

CEDEENE (237'=’). S.V. 7-0. S.G. 

*984. Obtained as above (Walter, l.c.). 

Cedrene. From oil of sage (KtigUsh). 

(260*^). S.G. ^ *915. Yellow or green oil. In¬ 
active. llesinitied by (4:1) oven at 0\ 

Gaseous HCl turns an*cthercal solution pui^ile. 
The refractive index seems to indicate four C:C 
groups (M. M. P. Muir, C. /. ^7, G80). 

The name Cedrene has been used as a 
generic name forth© hydrocarbons Ci^H.^iWliich 
occur in the oils of cedar, c’oves, xiatchouli, 
cubebs, calamus, cas^urilla, rosewood, Ac. (v. 
Teiu’ENEs). Cedrenes clocidy resemble the ter- 
penes in their optical f,roi>c?;tiea, which point 
to the cxisfimee of imirs cf doubly linked 
carbon atoms (Gladstc'Ae, C. J. 49, 017). 

CI^DEIRET V. CiERULIONON. 

CELLULOSE. n{C„Il,A|. >*8.0.1-J5.P45. 

Occurrence .—Cellulose is the basal suostance 
of the skeleton of plants, and indeed may be said 


world. The problem of its origin is as much 
physiological as chemical. It does no,t appear 
to be formed as the immediate product of tho 
synthetical action of the ^cell ,upon carbonic 
anhydr/de and waterA,b^V.tn*r liately (^om starch, 
sugar, and other earboliydrates, through the 
intervention cl the cell protoiilasm. Tlic me¬ 
chanism of this transformation, as well as tlio 
inverse conversion of cellulose into the simpler 
* carbohydrates, has not bcei elucidated, but is 
assumed on physiological grounds to be of the 
simplest character. Tbcrc i^ nothing in tliis 
assumption which contravenof tho evidence 
afforded by the chemical relationships of the 
carbohydrate group, which are likewise simple.* 
Adapting itself to^^die infinite variety of 
structure ax.d function presented by plant tis¬ 
sues, cellulose occurs in multitudinous forms : 
and in any given structure is subject to differenti¬ 
ation, modiffq^tion, or variation of elaboration 
within very wide limits. The scope of tliis 
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phouf. Tliis reagent has been employed in a 
variety of forms, a fact which explains the dis- 
crepanciei^ in the statement^ as to the solubili- 
ti^ of the vfriouB celluloses in oupraminonia. 
The following methods of aj[}|>1^ing reagent 
are to be recommended. 

The substance to be operated upon is inti- 
mutely mixed with copper turnings in a tube 
which is narrowed below^and pi^idod with a 
stopcock. Strong ammonia is poured upon tlie 
contents^)! the tubo antf after standing for some 
minutes is drawn olT and returned to the tulre; 
the operation is several times i'cpcatcd until the 
solution of the substance is effected. • 

Porh^s the most convenient solution, tliough 
not so eilect^e in all cases as the former, is that 
prepared by mssolving ppd. cupric hydrate in 
ammonia. preparing the reagent in this 
way it is important that the hydrate should ho 
thoroughly washed, preferably out of contact with 
the air, before dissolving in the strong aqueous 
ammonia. Cotton is ^pidly dissolved by this 
solution. The soluble compound foriiiod is re¬ 
presented by Muldy as (0uH|(,0.,),jCu(NH,).„0. 
It has been doubted wdicthcr this compound 
exists actually dissolved in the viscous solution; 
an investigation of the osmotic properties of 
the liquid, however, shows it to be a true solution 
(Cramer). Prom an Ciltended investigation of 
the optical properties of the solution li^champ 
concludes that the solution of the cellulose is 
not simple but is accompanied by projpessive 
molecular transformations, the optical activity 
(dextrorotatorj(^ of the products imueasing to a 
maximum corresponding to a condition of eciuili- 
brium ultimately attained (C. It. 100,117, 270, 
36«). 

The soluble bases (NaOII, KOII) added to the 
solution give blue gelatinous ppr. having the com- 
position(CeH,„ 04 ).iCuM" 0 . i)igSitodwitlifinolydi. 
vided lead oxido the solution yields the compound 
O.HjoOj.PbO. Cellulose is re)>pd., a.5 a gelatinous 
hydrate, on the addition of acids, as .veil as of 
many neutral bodies such as alcohol, '^uga , and 
common salt, or even on largely diluting with 
water and*allowing to stand. The pp. drunl in 
vacuo is obtained as a transpaituit mass re¬ 
sembling gum-araoic. On digesting the ammo¬ 
nia-cupric solution upon metallic zinc, this 
metal pps. 4he copper, replacing it in the solu-4 
tion and producing the corresponding ammonia- 
zincio solution of cellulose, which is cohnirless. 
The property of cellulose of bcin^ dissolv(Ml by 
cuprammonia receives an imporfant technical 
application. A sheet of paper left for a short 
time in contact with the cuprammonia, so that 
the constituent fibres arc supcrli(;ially atlac^ked, 
and then passed between rollers am? dried, be¬ 
come^ impervious to water and its cohesion is 
not affected at the boiling heat, ^vo sheets 
thus treated adhere firmly together, and \?lth a 
sufficient number, artificial^oards are produced. 
A variety of materials are now produced in this 
way, on the manufacturing scale, usefui^for 
roofing and other purposes (C. It. A. Wright, 
Joum. Soe, Oieni. Ind. 1881^. 121). « 

i?cactiows.—Cellulose has already been spoken 
of as a comparatively inert substance, audits 
characteristic reactions are consequeiftly few. 
One of these is available for its identffication 
and is chiefly used in the microscopical exami¬ 


nations of tissues: this is its reaction with 
iodine. The reaction, although similar to that of 
starch, differs in requiring for its determination 
thepresence of an auxiliary (dehydrating) reagent 
such as sulphurlcov phosphoric acid orzinoohlor- 
idc. The most effective solution is prepared in the 
following way: ziiTo is dissolved to saturation 
in hydrochloric acid and the solution evaporated , 
to the sp.gr. 2*0; to 00 of this solution aio 
adfled Opf^ potassium ioaide dissolved in l#pts. 
w'ater> and in this solution iodine is disfolvcd to 
saturation. By tins roagcntcCllulose is coloured 
instantly a deep blue or violet. ^ 

CoMJ’onNbs OF Ckiu.ulosi^—C ellulose is gene¬ 
rally inactive! towaiNis conn?cg.inds contained in 
dilute aquc!Ous solution ; hence its extensive em- 
j)loyment in the filtration of solids from solu¬ 
tions. Nevcr^iolesa it exhibits ft tendency to 
incipient combination even with acids and 
alkalis (Mills, 0. J. 43, ir/.i ); with metallic salts 
it forms comm>unds of Kiifllc'ent stability to cause 
their removal from solution, but the combination 
is of an indefinite and unstable order (Erdmann, 
/. pr. 70, 385). (Cf. Ul.adstone, J. pr, 66, 217 ; 
Miiller, Fr. 1,84; O’Shea, C. J. Froc. 1,200.) 
Certain aarbon compounds, such as the organic 
astringents, and majiy of the colouring matters 
natural and artificial, unite with collulose to 
form compounds of various orders of stability; 
of these wo would more particularly instance 
amongst others many of tl»e derivatives of di- 
piu'jiyl which possess a s])ecific power of direct 
(smnbination with cellulose. Although such com¬ 
binations are of great technical importance, being 
the^foumlation of the arts'of dyeing and printing 
they arc not sulliciently syslenmtised to deserve 
mure than this piissing notice. On tho other 
hand some of the substitution-compounds of cel¬ 
lulose with acid radicles are both definite and 
stable. 

Acetyl-ccllulose.- The tri-substitutod com¬ 
pound C, ll.(' 13 foriuetl by heating 

cellulose with 0-.^ tiifies its weight of acetic 
aniiydride at 1^0’, and separated as a white 
lloeculent i»p. on dilutii'^ tho syrupy product. 
Tri-aoctyi-celhiloso is insoluble in aicoh(^ and 
in etlu^', and is soluble in glacial acetic acid. 
It is saponified by boiling with alkaline solutions, 
the cellulose being regenerafed. No derivative 
containing more than three aeidyl groups has 
beeji obtained; but a mixture of tho mono- and 
di-acelyl*celluiose is fornmd by treating cellulose 
with only twice its weight of acetic aniiydride, 
the formation ^f these bodies being unattended 
by tlK ir suyilimi. . • 

Cellulose nitr^es. {f'lfuKfiilin3 — Nitrocclht* 
/o.s-e.)--•Whenever cc I'ulose in an.v’^orm is brought 
into contact witl; strong nitric acid at a low 
terni)erature,anitro-productor nitrate is formed^ 
Tho extent ef thc*nhration depends upon the 
concentration of the acid, upon Iho duration of 
its contact with SJio ccUnhjst!, and on tho state 
of the pkysicyj aivision of the cellulose itself 
The first investigation of these substances 
dates from 1838, when Tel uzo sh<fwed tho iden¬ 
tity of several of these jjrodixts obtained from 
paper, linen ana starch. % Knop and 

also Kamarsch and Ilceren found that a mix¬ 
ture of sulphuric and nitric acids also formed 
nitrate of cellulose; and still lah^ (1817) Millon 
and Gaudin employed a mixture of suljjhuritr 
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•dd and nitrate of potash and soda, which they 
>und to have the same effect. Although gan> 
ottonB or pyroxylines are generally spoken of 
s nitrO'Cclluloses, they are more correctly de- 
cribed as cellulose nitrates, since they have not 
•een found to yield amido- bodies on reduction 
vilh nascent hydrogen. The following are the 
'oneral properties of these compounds *\Edcr): 

1) When warmed witji alkaline solutions, nitrio 
iciifts removed in varying quantities,‘‘dependent 
ipon tffe strength of the solution emfloyed. 

2) Treatment wiiti cold concentrated sulphurio 
icid expels almost the whole of the nitric acid. 
(3) On boiling with^ferrous sulphate and hydro¬ 
chloric acid, the ritrogcn is expcjled as nitric 
oxide; this rcactioii is used as a method of 
nitrogen estimation in those bodies. (4) Po- 
iassiuin aulpliydr/ite, ferrous aceuate, aud many 
other substancos, reconvert the nitrates into 
cellulose. 

Several weU-charact(!rised nitrides have been 
obtained, but it is a inatlor of dilliculty to pre¬ 
pare any one in a stale of purity and Nvithout^ 
admixture of a higher or lower iiilratod body. 
The following have boon described under a no- 
rneiiclalure imving reference to aC,^ foftuula: 

C,.^ 11 ,,(N 03),,04 (gun-cotton). 
Prepared by treating cotton with a mixture of 
JINO, 1’.5) 31 parts, and ItSO* (S.G. 1-84) 

1 part, for 24 hours, at a temperature not exceed¬ 
ing 10'^; 100 parts of cellulose yield about 175 
•of the compound (calc. 183}). Insoluble in alco¬ 
hol, ether, or mixtures of both, and glacial 
acetic acid; with acetone it forms a jelly and is 
slowly dissolved. It iS' the most explosive of’tho 
series igniting at 100°-170°. Mixtures of sul¬ 
phuric acid and nitre do nbt give this nitrate 
(Eder). Ordinary gun-colton may contain as 
much as 12 )>.c. of nitrates soluble in cther- 
alcohol; the hexa-nitrutc seems to bo the only 
one quite insoluble in,this menstruum. 

Pcnta'iiitrati!. - C,„IPj(N 0 s) 50 ;,. This com¬ 
position has been very**corD*tionly ascril)ed to \ 
gun-cotton.* It is impossible IV> i^repare it in a i 
state of purity by th^direct action of tlio acid 
on cclhilose. It is prepared by dissolving the 
hexa-nitrjitc in nitric acid at 80Ml0'^, cooling to 
0 ®, and adding concentrated sul])huric acid, by | 
which the peuta-nitrate is prec.ipitnled; aft(!r : 
mixing with a large volume of water and wash-M 
ing the precipitate with w'utcr and alcohol, it is | 
dissolved in ether-alcoliol and linalty re-pn;- 
cipitalcd by water. This nitrate is slightly 
soluble in acetic acid, nearly insoluble in alco¬ 
hol co»'laining onl'!..a,}«'nia8 )*voporti'm of ether. 
Strong potash solution converts it into the di- 
nitrate. ' 

Tc(ra-aiid tri-nitrates (collodion pyroxylinc) 
-arc generally formed together when cellulose is 
treated with a more dilute ii.nd at a higher tem¬ 
perature and for a shorter time than in the case 
of the hexa-nitrate, e.g. 4 ^ol8. HNO, (1‘3}8), 

6 vols. HaSO^ (1*84) at 65®-70’^ tor 6 10 minutes. 
They are freely and equally soluble iu ctUer- 
«lcohol, acetic cther^and mixtures of acetic achl 
and wood spirit, or a^^tihol, and are therefore 
inseparable/^ They are insoluble in pure alcohol* 
other, or acetic acid. On treatment with con- 
oentrated nitrio and sulphuric acids they are 
converted into the higher nitrates. Potash and 
ftmmpnia convert them into the dinitrate. 


Z>i^mtraf 0 O„H, 3 (NO,) 2 O«i 6 formed os already 
indicated, and also by the action of hot dilute 
nitrio acid on cellulose. Freely soiublb in ether- 
alcohol, acetic ether, acetic aoidf^wood spirit, 
acetone, ab%6iute alcohol. The -further 
action of alkalis on the dinitrate results in a 
complete resolution of the molecule. 

The cellulose nitrates have generally much 
stronger absotption-a/Hnitics for coUuring mat¬ 
ters than the celluloses. They are much 
less susceptible of atWk by acid 'oxidants 
than cellulose itself, and are therefore used in 
the fiUration of ^lutions containing e.g. chro¬ 
mic at^/d, permanganates, and, of course, nitric 
acid of any degree of concentration, ihtric acid 
of S.G. 1*42 has a remarkable t^U^jhening ac¬ 
tion upon hUcr paper: the modification is effec¬ 
ted by simple immersion, and .the paper so 
treated i.s increased in strength tenfold, under¬ 
going at the same time a contraction amounting, 
in circles, about j\, diameter. The cellulose 
so tn^uted contains no'ViiUrogen (Francis, C. J. 
47, 184). 

Cellulose and sulphurla acid.—Cellulose is 
disintegrated and diss.o3vcd by the concentrated 
acid to a colourless solution. The products are 
sulphates of a series of compounds of which the 
ctilluloses and the dextrine may bo regarded as 
the extreme terms. They arc easily isolated in 
the form of 15a salts. Tlie composition of the 
sulphates may be expressed by the general for¬ 
mula The variations in 

composition and in physical projairtics are func¬ 
tions of the temperature (5® 3};i‘4j and duration 
of the action. Tlio limits of specific rotation 
of tliese sulphates are [ajj — - 3*65 and + 72*99. 
These ethereal salts arc entirely d(;composed 
by boiling with alcohol: the resulting carbo- 
hydraUjs may regarded as the correBjV)nding 
alcohols. In compo ition and properties (c.{)f. 

I their reactions with iodine) they constitute /in 
extended series, beginning with soluldc cellu¬ 
loses and^lcrminaling in achiodextrn (Iloniga. 
Scli/hort, !if. 7, 455). While it is impossible to 
determine Die jiicclianisin of these succcssivo 
resolutions of the cellulose molecule with the 
precision attainable where siifh changes maybe 
reversed, and therefore completely studied, they 
certainly establish the t}^>ical connection of the 
celluloses with the sini])Ier carbohrdratea, and 
in a much more complete way than the coinci¬ 
dence of empirical forniul/e. 

Prior to Die researches above detailed the 
initial t<'rms of the transition series had been 
similarly obtained and described under the term 
Amjilmd, a term selected to indicate their resem* 
blance to starch. 

A. practical application of the reaction of 
cellulose with sulphuric acid is fofind ,}n the 
manufacture of iMrchment imper. .The process 
consists in the vapid passage of the paper 
through the strong,acid (fy.G. 1*5-1*6)* followed 
by copious washing. Tnc result may be de- 
8G^4^d as a Bupcrftcial conversion of the cellulose 
into amyloid, whereby it acquires the properties 
whi'3h have obta^ied for it the designation in 
question (c/. Hofmann, A. 112, 243). 

^ Cellulose and chlorine.—Dry ohlorine has 
no action upon cellulose; the presence of water 
detcrln'ines an indirect oxidising action, but 
there is no direct combination of cellulose with 
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ehloriae. B; heating oellnlose nitrates with l^hos- 
phorio pentaohloride and oxychloride at 200^ 
and eraperating the excess fot the reagents at 
170^) a viscops liquid is left* miscible with al* 
oohol and ether, which appoavs to h^omposed 
of, or to contain, a chloride of cellulose or a 
cellulose derivative (Baoyer, B. 2, 54). Bromine 
is without action upon cellulose: specimens left 
for several^onths ip contact wiUi strong bro> 
mine-water were not sensibly attacKcd (H.Miiller, 
Pfiaiizenifasert p. 27 ; <f. Francliimont, It. T. 0. 
2, 91). 

Cellulose and Oxygen. Oxycclhilosr.'i .—Two 
of these compounds or series <ft compound^ have 
been deslhribed. * 

{a)-OxymUulose (Witz, Btill. J?owc«, 10,41G; 
11,189) isfoftned by the action of solutions of 
the hypochlorites upon cellulose. Exposed to the 
action of a so^tion of bloacliing powder {5 }).c.) 
for 24 hours, the fibre is convei ted into a friable 
modification having the composition C 4.‘> 0, 
H 6’2, 0 50*8. Othei^i^idising agents produce 
similar results; even by exj)osure to air and 
light cellulose is |lowly converted into these 
oxidised derivatives. Tl^dr foruiatioi) is aceom- 
panied by molecular resoliitioij, as is shown by 
their reducing action flpon alkaline cop[>tn- solu¬ 
tions: the product giving tins reaction is cha- 
Bolved by alkalis to ii^ycllow solutioji. These 
oxycelluloscs have a strong attractum for basic 
colouring matters: also for vanadium com¬ 
pounds, attraeting these from a solution c<»n- 
taining so minute a quantity as 1 pt. in 
1,000,000,OOO.j Upon thi.s pro]»nly a method 
has been founefed for the quantitative estiimitioii 
of minute traces of vaifUdisini hi fKpieons solution 
(Witz a. Osmond, Bull. Jlortc'n, M, 30). The 
study of these oxycclluloscs is of groat imj>ort- 
anco to the manufacturer of vO .rilo materials. 

{$yOxycellulose Cmll^m'^t'ross a. ll^van, 
Cj J. 43, 22) is the residual product (insoluble) 
oftbe prolonged digestion of celluluso with nitric 
acid (20-3(j|^ p.c.) at OO'’ C. On wasl.ijig with 
water to remove the acid the subsl/ftice .-gela¬ 
tinises. It drics'to a horny coloiirb'ss mass. It 
is characterised by jits reaction with sulphuric 
acid: on gently w^mingit dissolves with develop¬ 
ment of a bright pink colour, the reaction re¬ 
sembling that oip mucic acid, to which, on other 
grounds, i^is probably related^ A fresh pre¬ 
paration, trc.ated with a mixture of nitric and 
sulphuric acids, dissolves, ami on pouring into 
water the nitrate C,gIl 23 (N 03 ) 30 ,a sei>aratcs as 
a white flocculent pp. • 

Chromic acid .—Cellulose treated with potas¬ 
sium dichromate in presence of aectic acid is 
converted into glucose, dextrin, and formic acid. 
Permanganates under the same condiipion ^cllcct 
a similar decomposition. 

Chromic anhydride in presence of «>uljd)uric 
ociddecomi^ises cellulose rapidly and compldlcly, 
the carbon being entirely converted into the 
gaseous compounds (JO ana CO^. It has been 
proposed to apply this to the quantitative esti- 
mation of carbon in cellWoses and colluTosio 
mixtures (Cross a. Bevan, C.<^. 62, 207). « 

Alkaline oxidations .— Tbe permanganates 
atvl hypochlorites in presence of alkalis oxid^e 
cellulose to a syrupy mixture of acids* of the 
pectio series (H. Mfiller, Pflanzenfaserjv. alsa 
S. 0, I. S, 206, 291). Fused With potassium 


hydrate the cellulose is oxidised to oxalic acid, 
malic acid bqing obtained as an intermediate 
product. 

EleeUxdytic oxidants .—The nascent oxygen 
and other electronegative ions liberated in the 
clectrolysisofvarioussaline solutions have a very 
powerful action iffion cellulose. These actions 
have been niado the subject of interesting ro . 
searches byE. Goppelsroeder (D, P. J. 254, 42). 

• Cellultse and Hydrolj^ic Agents. « 

(1^ Dilute acids. A largo number acids, 
ofganic as well as mineral,• attack cellulose, 
producing hydration changes, aiton^d by dis¬ 
integration of the libro. The action is gradual 
at ordinary temperatures, inid is of course ac¬ 
celerated by^applying ln'at.* Thu study of these 
actions is of tlio iirst iniportrineo to the cellulose 
technologist (flirard, V. U. HI, WOb; Cross a. 
Bevan, 6'. C. I. 1885; Crookes, Handbook of 
Dyeing and Calico-printing, p. 19). 

It is worthy of note heijp that the cellulose 
isolated froni grass and hay, and many others 
lo.^s highly elaborated than tho celluloses which 
^we are at present ednsidering (cotton and linen), 
are decomposed on boiling with dilute mineral 
acids wi^li forra.'ition of furfural. 

(2) Alkalis .—Dilute solutions of tho alkalis 
are without sensible action upon cellulose, oven 
at trmi)craturos consid<?ral)ly above the boiling 
point: when, however,oxidising conditions are 
superadded, molecular resolution sets in. Tho 
joint action of calcium liydrato and air at the 
boiling temperature is esp(‘cially powerful, oxy- 
cclluiose being produced (Witz, loc. cit.). Con- 
cen4rated solutions of flidalkalis (NaOlI, KOII) 
at ordinary temperatures act in a very remark¬ 
able w.ay upon cellulose. There appears to bo a 
‘ mob'Ciilar ’ combination of the r(‘agcnts in tho 
proportion C,...lh„()i„:Na,,() (Mercer) which how¬ 
ever is easily resolved hy wasiiing with water. 
But the charaeievistics of the fibre and the fibre 
substance are found ‘o hhvo undergone a per¬ 
manent modificat^n. >There is a considerable 
shrinkage in liticAr dimensions: in dolton fabrics 
treated with caustic soda*jiulution of S.G. 1*22{> 
this amounts to 25 p.c. Tho corrospopding 
modifications in inicroscoi)io features have 
been ii^^estigaled by Crum (C. J. 1863), the 
changes being found similar to those which 
otakc place in the ripening of the fibre in the 
plant, viz. from a llattenod tube w’ilh large cen¬ 
tral to a thick-walhal cylinder with 

small lumen. Tho chemical (diango produced 
is, o far as hjis bgen ascertained, entirely one 
of hydratiim, andr^jj^orl^'e that t^e only 
evidence or the cnange is TPfe increased capa-*^ 
city for liygroscopic moisture. THis amounts to 
5 p.c. of the weiglit of the cotton,the pro])ortion 
calculated for the formula C|JI._„0,(,.1L0 being^ 
5*5 p.c. From tliis»fa^t we may also infer that 
the normal aitraction of cellulose for atmo¬ 
spheric moisture is a residual manifestation of 
the inolc^iilai combinations which are seen in 
the multitudinous hydrates of cellulose found 
ro, or constituting, growi ag tissues. Mercer, 
who appears to have ‘first invc.stigated these 
phenomena, further found lliat tlic| addition of 
hydrated oxide oF zinc very much increased the 
action of the caustic solution: thus a solution 
of sodium hydrate of S.G. 1*100, '^hich is with¬ 
out marked action, is rendered very actije by 
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t)ie addition of the oxide in the proportion 
Zn 0 : 2 Na. 30 . He also found that the actions 
wore favoured by low temperatures (v. Life of 
John Mercer by £. A. Parnell, London, 1886). 

By these characteristics the hydration phe< 
Domena in question are seen to be closely 
related to those attending the action of the 
Schweitzer reagent The more j^werful 

action of the latter we must refer either to the 
speoKic action of the'ammonia upoif* the edn- 
densed iddohydio molecules of which ceVjUlose 
appears to be constituted, or to the particuldr 
relationship of the molecular weight of the 
cupraminonia in solution to that of the cellu¬ 
lose or cellulose h;^rrate which it forma. 

The action of coilccutratcd solutions of zinc 
chloride is similar to that of tbo alkaline hy¬ 
drates above hydrates. It is reml^rkable on the 
other hand that ^a saturated solution of zinc 
nitrate is without action (Mcrccr). 

(8) Water. —Tlcai-ed in contact with water, 
cellulose is attacked at 100°, but not below 150° 
(Scheurcr a. Orosseteste, Bull. MuUuyujfe, 1883, 
62*85). Heated at 200° in'contact with water 
in sealed glass tubes it is fundamentally re¬ 
solved, being converted into highly-«oloured 
products, insoluble for the most part, with a 
small proportion of soluble derivatives amongst 
which arc furfural and pyrocatcchol (Hoppe- 
Seyler, B. 4,15). 

(4) Fcrnicnts .—Tliere are, it can scarcely be 
doubted, endless transformations of cellulose 
determined by the so-cailcd soluble ferments, 
though but few have been investigated. The 
soluble ferment of tho*iOXglovc is stated to o»jn- 
vert cellulose into glucose and dextrin (Kos- 
mann, Bl. [2] 27, 210). Thodiuid from tlic ver¬ 
miform appendix of the rabbit has also been 
found todigest cellulose with libcral»on of marsh 
gas and formation of a soluble compound which 
reduces cupric oxide in alkaline solution. 

Proximate SyntheSes Af Cellulose.—Trans¬ 
formations of the soluble^aarbphydratcs into cel¬ 
lulose, whic^i wc may regard *as a proximate 
synthesis of this body/are, as already stated, an 
impo^ant feature in the life of plants. The 
mechanism of these clianges has been thus far 
but slightly studied, and they are of a Kind to 
elude chemical investigation. Of those which 
have been studied wo may notice (a) There is a 
changeset up‘spontaneously’ in beet juice which 
resultsin tbo formationof a hard white si^^hstanco, 
having the properties of cellulose. On trans¬ 
ferring these lumps to a sojution of pure cane 
sugar, 9 further transf(^pmt(^/i of*tho saccharose 
^into the saino BiTMAtaiico is biought ^about. At 
the same time* .here is produced a gummy sub¬ 
stance which is ppd. by alcohol as a white caou- 
^tchouc-Uke substance of the same composition 
as cellulose but swelling u*,) \vth water and other¬ 
wise differing in its physical proj^erties from 
cellulose. This latter derivative is also formed 
by the action of diastase upnq, a sqjution of 
saccharose. A similar transformation takes place 
under the itfduenco#of certain fatty seeds, e.gn 
those of rape and colz^Aand it is probable that 
the formation of cellurose from saccharose in 
the plant takes place under ‘the inlluonco of 
ferments similar to those above described (Durin, 

C. 82,1108^. 

(b) More recently A. Brown has investigated 


the fdrmatiou of cellulose by the * vinegar-pfam,* 
growing in solutions of the carbohydrates, e.g, 
dextrose in yeast-w^ter. The cells el^orate an 
eztra-oellular film, which acts as aCI ooU-coUect- 
ing modiuifti* andttfeey possess, therefore, a two 
sided activity, i.e. the property above mentioned, 
in addition to their strictly fermentative activity. 
The cellulosio film in question was found to 
contain 50-6(^.p.c. pvo c^lulose. iX is note¬ 
worthy that in a solution of levulose the growth 
of the ‘plant’ is unat^^nded by fermtntativo 
action, 33 p.c. of the substance being on tbo 
other hand transformed into cellulose (0. J*. 
48,43^5.. 

Other Forms of Cellulo|it;. 

We cannot attempt to onumordte the multi¬ 
tudinous varieties of cellulose which the plant 
world presents. Some of these, ^hon isolated 
in the pure state, resemble the typical cellulose 
above descrijiod, e.g. the cellulose of hemp and 
rhea. Others, especially Ay,ch as require a drastic 
process of resolution, e.g. the cellulose isolated 
from jute and wood by the qhlorination method 
{infra,), resemble rather the (a)-oxycclluloses. 
Tims jute cellulose (3C„-H,„Oj.n/5) reduces 
cupric oxide in alkaline solution, and is much 
more susceptible of degradation by hydrolytic 
reagents than those of cotton type. Cellu- 
lose from pinewood is similar in composition 
and properties. 

Cellulose from esparto and straw, isolated by 
treatment of the plant substance with alkaline 
solutions boiling under pressuM)—which are 
amongst the most important of tiie staple ma¬ 
terials of the papcr-nfeakcf—are distinguished 
by tlicir reaction with aniline salts, being coloured 
a deep pink on boiling with solutions of these 
compounds. Many of the celluloses are decom¬ 
posed on boiling \tith|*,ilute acids with formation 
of furfural and formic acid: hay cellulose yiel(ia 
under certain conditions a volatile crystalline 
body, which appears to be a furfura^crivative, 
but ifjistilPundor investigation. 

It may be mentioned here that the term cellu¬ 
lose is applied by plant physiologists and agri¬ 
cultural chemists to substance^ which would not 
come under the definition, upon which tins 
article is based, of cellulose as the (white) in- 
4 soluble residue which survives the K^xhaustive 
treatment of plant substances alternately with 
chlorine, bromine, or oxidising agents, and boil¬ 
ing alkaline solutions. 

Animal ceLulose.—The mantles of the Pyro- 
somidfl^, Salpidte, and Phallusia mammilaris, 
freed from choridrigen by boiling in a Papin’s 
digester and further purified by prolonged boiling 
with p^ota^ solution, yields a residual substance 
which not only has the ultimate comfjositiion of 
cellulose, but has identical propert^s, e.g. dis¬ 
solve in cuprammonia, is convert^ by nitric 
acid into an cxplos^e nitrate soluble 4n ctber 
(Schiiferf A. 160, 312). According to Virchow 
cclMose is found in degenerated human spleen 
an4'in certain part#* of the brain (C. if. 37, 
492„860). ^ 

CoupouKD Celluloses. 

Plan4 tissues, always containing a propor¬ 
tion of cellulose more or less large, frequently con¬ 
tain other consHtituenta so intimately united to 
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t!i9«e!tulos6 as to mask its roactions.- From ^he 
circumstances of their occurrence and formation 
it is not tQ be expected that the line can be 
sharply drawi# between mixtures and combhux- 
Hons of cellulose with non celMose c(Jiatituehts 
of either fibres or tissues. Fr4my {Ann. Agro- 
nomiquest 9, 529) recognises the existence of the 
following compounds distinguished from cellu* 
lose chiefly}^ their di^ereni beha\^ur to hydro* 
lytic reagents and cuprammonia; (1) Fibrose, 
constituthig the memA^anea of wood cells; 
(2) Faracellulose, constituting the membrane of 
the pith and medullary rays, and (3) Vasculose 
constituting the membranes* of the vessels. 
The valut of this somewhat aruitrary classi¬ 
fication is %uestionable (Sachsso, Farbstoffe, 
Kohlekydrate,%c., p. 150), and the distinctions 
which it seeks to establish have not been gene¬ 
rally recogniseJ. On the other hand, there are 
certain groups of substances widely distributed 
throughout the plant world, wljich.^hilo they 
liave certain features ipacommon witli the cel¬ 
luloses, are sufficiently distino| to admit of che¬ 
mical classification apart from them. Generally 
speaking,* these substanops arc made up of a 
cellulose and^a non-cel^lose i)ortion, the latter 
conferring the spccia' ^features of distinction. 
The compound cellulose thus constituted is re¬ 
solved, by treatment ^Ith reagents according 
to the methods to be described, into cellulose or 
a cellulose residue on the one hand, and soluble 
derivatives of the non-cellitloseow the other. Of 
these groups we shall consnlcr typical members. i 

The followirp are the compound celluloses 
sufficiently charaeterised to warrant special de¬ 
scription under class nk'nias: tlie nomenclature 
of these compounds is explaiiicd by their cha¬ 
racteristic resolutions. 

PectocclluJ^sc^ 

Bcsolved by hydrolysis (alkalis) 
into 

Pectio acid and cellulose. * t 

Type : Raw flax 

(Kolb, mat Mulh. 18(>8, A. Ch. [4] 14,318). 

Lfgjiocelluloses 
Resolved by chlorination 
« into 

/ \ 

Chlorinated deriv8.:\ 

Aromatic v and cqJIuIoso. 

Soluble in alkalis i 
Type: Jute 

(Cross a. Revan, C. J. 41, 90). 

Adipocelhiloses » ^ 

<• * Resolved by oxidation 

/| (Nitric acid) * , 

into 

M A 

Similar derive.: \ 

B8 by the oxidation [ and cellulose. 
of the fats. J* 

Type: Cuticular tissue of l^ves and fruittf 
(Fr6my, C. B. 48, 667; Sachsso, Farbstoffe, tVc.). 

Pectocelluloses.—The purified bast of xi RuS- 
Bian flax investigated by Kolb was fouiid to have 
the aggregate composition: • 


I C 43-7 

. H 6*9 

0 60*4, 

The non-cellulose constituent is therefore a 
substance of lower carbon percentage than cellu¬ 
lose. From its yit^lding pectio acid on boiling 
with alkalis, it is obviously a substance allied to 
pectin. Since the fibre yields about 20 ]^c. of 
its freight af the acid derivative we infer inde¬ 
pendently that it is a substance coi^ining 
approxAiiatcly 41 p.c. carbon^, which confirms 
the view of its constitution above expressed. 
Many^ther plant fibres are made up dl or con¬ 
tain pectocelluloses 0. J. 43, 23); 

pectic derivatives were idenyiftd by Schunck in 
the products of the action of boiling alkaline 
solutions upon^raw cotton {Proc^ Manchester 
Lit. Phil. [3J vol. iv ). • 

The cellular tissue of a large number of 
fruits, c.g., the apple and pear, and roots, e.g., 
turnips and calrots, is composed of pecto-collu- 
loses. 

• Lignocelluloses.-iTho course of lignification 
in plants is marked by profiumd ullerutions in 
the phys^al properties of tlu? tissues undergoing 
this modification ; the tissues lose their elas¬ 
ticity, become coloured from grey to brown, and 
the substance of tho tissues manifests the 
clTemical properties about to he described.^ ^ 
«7«i(?.-“Aggregate percentage composition: 
C.47 0-48-0, H. 6-0-5-7, 0.47*1 46-3 (C„M,A)«- 
It maybe regarded as composed of 
Noii-ccllulose(L:gnin)0,Bll,.,0,„{55’6p.c. C) 25 p.c. 

% and Cellulose 0,KUa^0,6 (44*4 )75 „ 

though tho cellulose isolated from the libre by 
chemical rcsolutior> dilTors in composition as 
already stated from normal cellulose, appearing 
rather as an oxycellulose. Tlu; mineral con¬ 
stituents of the raw fibre (purified) vary from 
0*5 to 2 p.c. of its weight; tho liygroscopic 
moisture from 10 12. Attifcked by concentrated 
solutions of the >|lkali« similarly to cotton; 
freely soluble in •cuprammonia, buV is incom¬ 
pletely precipitated on acidifying; tho body re¬ 
maining in solution gives the reactions of tne 
original substance, and may, therefore, be ro- 
gavded fti a hydrated inodilbuition. Jutecom- 
hines freely with tlie (rgaiiic a.striiigents (tan- 
mins) and the majority of aromatic colouring 
majors. It is coloured a bright yellow by 
Boluticiis^f salts of aniline and other aromatic 
bases, l^iis reaction is probably duo lo’ajiro- 
duct of oxidation, syie. it does not take place 
with jute whicli bwii boiled for^soinc 
lime in solmiotis It is coloured 

brown by iodire sointiey -. Moi:itencd with a 
solution of phlor glue. • and treated afterwards 
with hydrochl<n'i..’ acid it gives a deep re<l 
colouration; wiJ also in presence of 

hydrochloric uo\'i it. gives a deep carmine 
colour. A mixture of sulphuric and nitric acids 
nitrates fibr^'.Alic g in iii weight being ap¬ 
proximately equal to that of cellulose under the 
sMTie conditions. The ,.u-iducts lire orange- 
coloured and are solubl .^in acetone. Like the 
cellulose nitrates, tlioy gi*; no amidf|^derivativ€8 
on reduction. Iodine is absorbed by the fibre, 
the quantity trfken up being constant under 
constant conditions; tho rcsullinc compound is 
not more stable than tho iodide of starch. JXliis 
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reftotion may be made use of for the quantita¬ 
tive estimation of thoHgnooelluloses in cellulosic 
mixtures. Bromine attacks the fibre in presence 
of water, forming ill-dehned compounds which 
are dissolved by alkaline solutions. The opera¬ 
tion once or twice repeated eliminates the whole 
of the non-cellulose; the cesulting celluloso 
amounts to 72-76 p.c. of the weight of t^ie fibre, 
Ghlormo docs not act upon the dry fibre, even 
whqii the temperaturt. is raised to 1G0°, butt in 
presen<)§ of water combines rapidly at o 
temperatures with evolution of heat, 
chlorinated derivative is yellow coloured; 
it is soluoio in alcolioU and from the solution 
water precipitates ftie compound as 

a yellow flocculcnf mass. This compound gives 
a characteristic magenta coloui'ation with sodium 
sulphite solution similar to that%.f mairogallol' 
(Webster, C. J. 205). It dissolves in solu¬ 
tions of the caustic alkalis with a brown colour, 
evolving the characteristic odour of the chlorc- 
quinones. It yields^ chloroiiicrlu distillation 

with nitric acid. Fused with potassium hydrate 
it yields protocatcchuic aoid. It is thereforoi 
an aromatic derivative, and a])pcars to bo allied 
to the trihydric phenols. The clilorin^ed fibre 
when boiled with sodium sulphite solution is 
entirely resolved into cellulose, and soluble deri¬ 
vatives of thenon-cellulosc or lignin constituent. 
This constitutes the simplest and most rap'd 
method of cellulose estimation in the fibre. The 
proportion of cclinloso obtained is somewhat 
iiigher than by the bromine method (75-7''^ p.c.) 
and is further increased by preventing rise of 
temperature in ttie ch4oriiiation. 4 

Bigested with dilute nitric acid at 80'^ jute 
is resolved directly into cellulose (o.xycellulose) 
oxalic and carbonic acids and a x>ooaliar acid 
derivative of the lignin constituent. This 
body has the formula ; it is of an 

intense yellow colour, and dyes the animal fibres 
to a similar shade. • It .forms salts with tlio 
earthy bases (C.jan:,j(NO^O.v,.jr\) whicii are pre¬ 
cipitated alcohol from u(]i 4 ^ous solutions in 
the form of bright ye^ow flocks.’ 

Ihidrohjtic agt'.nts. —Jute and the lignoccl- 
luloses generally arc much more susceptible of 
hydrolysis lliaii the simijle cellulo.sef: TJio 
dilute acids cUcct a simple hydrolysis at 80*^, 
i.e. the portion dissolved l>as tlm same coiuposi-,, 
tion and proijcrties as the original; on raising 
the temperature to boiling, fiirfural is obtained 
in considerable quantity. Boiling diluVe alkalis 
effect a8imi>!e hydrolysis. VkTicn the hydrolysis 
is comnlicatcd by the intr^luctiftn of either re- 
educing or oxidiSf.i^'TTondiliBo.s, res^^hition into 
celluloso and ^ion-cellulose (soluble derivatives) 
is determined. Thus sul^diurous acid, the 
^bisulphites, and the normal sulxdiites (alkaline) 
'attack and resolve tho* Ijgnocellulosea when 
heated with their solutions under pressure. The 
temperatures necessary for eincient resolution, 

* According to ITantrsch ft. S<.lir<tor (l9: 20 , 20 . 1 . 1 ), 
motrogallol is a species of condctisod ([uinunc chloride— 
the characterhctic molegule being derived from quiuoie 
by replacement of one of ita typic^d 0 atoms by C!,, the 
aromatic linking being at(thc .sunio thno panbiidly re- 
sotved. Sucli^a view accords equally well with the pro¬ 
perties of the derivative in question.* 

* It is worthy of note that the addKion of urea to the 
dilnteocid considerably modiGus its action, which becomes 
One of simple hwlrolysis as in the case (a sulphuric and 
h.v droohloiio acids (f 
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i.e. tor the isolation of eelluloss, are with fpl* 
phurous acid (7-6 p.o. SO,) 90°-100°, with bisnl- 
pliites (4 p.o. SO,) al60®, with normal, sulphite* 
(4 p.o. S02)170“-i80°, the increase temperature 
oorreBpon^ng witMhe diminution of hydrolytic 
power by progressive neutralisation of the aoid. 
The hydrolysis is aided by combination of the 
reagents with the soluble derivatives, which pre¬ 
vents the reversal of the action |t the high 
temperature, Vhich wbuld*otherwiso occur. In 
heating with solutionsiof the caustig alkalis 
under pressure, a high temperature is ueoessary 
for complete resolution; a considerable propor¬ 
tion of the reagefit is necessary for combining 
with the products, which under theoxidising 
conditions are of an acid nature. .{These facta 
are of importance in the preparation of cellulose 
frcin lignocelluloses, which is now a widely cx- 
temlcd industry (Forestry ExhiKtion BeyortSf 
Edinburgli, 188.7). 

Animal Digestion. —It has long been known 
that the urifie of the hejbivora contains hippurio 
acid as a normal constituent, and it has been 
shown that the \icnzoyl radicle necessary tO' 
form this body is a product of the digestion of 
liKtioe(;llulase (Meissner). Since tl^ lignocellu- 
lose iiiolcoulo contains nO aromatic compounds 
in the strict sense of the term (Stutzer, B. 8,575) 
the process of digestion, must effect the con¬ 
version. 

Decomposition by Heat.—Cumulative lleso- 
lution. The celluloses burn in the air with a 
(juietluminouBflame. Whenheatedontof contact 
with the air they are completelr resolved into 
gaseous and volatile products oif the one hand, 
and a residual hlacli„m.is, containing a high 
percentage of carbon. Eegarding these car- 
lioiiaceous substances as the products of con. 
deusationof cellnlose moiccules with elimination 
of water, the pr<t.es3 may bo viewed a3,'in the 
main, one of cumuTative resolution by dohy- 
dration (Mills, P. Jlf., June, 1877); the cumu¬ 
late containing hydrogen and oxygen in chemical 
uuio^ wiSi c.aibon is still in every ^nse a com¬ 
pound ; taking into consideration, at the same 
lime, its approximation in appearance and pro¬ 
perties to the element itself it may be termed 
a pseudo-carbon.' Dehydratfng reagents effect 
similar resolutions, the lignocelluloses under¬ 
going condensation more readily than the cellu- 
losc.s. Tilt tendency to carbon accumulation 
which is the main feature of these resolutions 
is welt marked in the vast series of natural 
products of tlio decay of cellulosic tissues, from 
humus to the coals. Though not of pyrogenic 
origin tliey nevertheless deserve mention in this 
connection from considerations of general re- 
seinblanc*. 

It' is noteworthy that the produotr, of chlori¬ 
nating uVnic substances (Bestini, Oae. 7t.‘) 1882, 
292) are closely similar to those otfi,ained from 
the lignocelluloses. Similar product^ are also 
yielded by the cann4i coals. 

Other forms of Lignocellulose. Two other 
vaVfhties of lignocellulose deserve mention, viz. 
ghjmlignose, OjoUmO,,, the substance of fir 
woods ‘ glycodmpose,’ 0 ,,H„Oai, the substance 
of the stony concretion of pears (Erdmann, 
dt: 188t 1; Suppl. 6 , 223; Bente, B. 8 , 476 ; 
^achsse, Farbstoffe, 161). On boiling with dilute 
»'PA».Jfilg.,188S,8S9. 
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hydhMsiilorio acid these compounds are said to 
be resolved into a sugar and an insoluble residue, 
lignose = OJ, and drupise « re¬ 

spectively. §n comparing these formula) with 
those of the original substanSes, the ^Terences 
are so slight as to be negligible.^ The action of 
the acid is probably therefore one of simple 
hydrolysis. ' The reactions of those substances 
are also in ^thor re9|>ccts*identisitl with those 
of the jute substance. Although therefore dif¬ 
fering itdbx the ligno-cellulose, above described, 
in ultimate compo.sition, they are essentially of 
the same order of compounds. • 

Crude fibre. This term is applied b/agvl- 
cultural cnomists to the residual product of llio 
treatment of loader plants with boiling solutions 
of certain acids and alkalis, applied snccessivol 
The process is ^ crude imitation of the process 
of digestion in the animal, and the results which 
it yields arc of purely empirical value. Crude 
fibre will be found on nxaininatio*, in most 
cases, to be a ligno-cclliifose and to be further 
resolved by chlorine in the ma’'ner indicated. 

Adipoc*;i:.luloses. 4Jorkand Cuticular Tissue. 
From the mode of fonpatfbn of tlicso tissues it 
has been corfbludcd, oi^ physiological grounds, 
as in the case of tlie llgnocoUnloscs, that tln!y 
are modified celluloses jSaehsse, Farhstojfc, etc. 
p. 153). The ultimate composition of cork is 
represented by the following i>erccnlage nuin- 
bersj C 65*7,11 8*3, N 1-5, 0 21-5. Unlike the 
lignocellulosos, ‘^wever, it is by no means a 
simple or homogeneous suhstunee, Imt is re¬ 
solved by tho r-iition of mere solvents into a . 
number of proximate constituents, some of j 
which are crystalline. Tflo reiidiic from the ; 
action of the.so solvents may be regardi-'l as i 
the true cork substance, it is r<‘So!ved by | 
the action of boiling nitric (20-.30 p.c.) | 
into cellulose on tho one ftauu —only a 'miall : 
proportion (3-5 p.c.), however, survivin;; a) | 
severe a treatment- and a series of fatty uciils 
(or products :>f their decomposition) ,^ucli as 
suberic and adipic acids, on the other; the l?i„;er 
amount to about 40 p.c. of tho weight of .sub¬ 
stance treated. If cork be resolved by treatment 
with sodium sulpl^ile solution, at i00° a soft 
mass is obtained preserving the structural 
features of tho original, but which on slight 
pressure bresdes down into a cellular mass. (2n 
slight purification this yields a pure cellulose; 
tho proportion obtained being from 0 to 12 p o. 
of tho original cork. From these^csolutions 
into cellulose, and products of decomposition ; 
similar to those obtained from the fats and«vaxes j 
under similar treatment, tho substance of cork i 
has come to bo regarded as a compound of siich 
molecules; and this view of its constitiftioik, as 
well as t))at (ft tho entire groupof substanci-s simi¬ 
lar in oompos^ion and function, is summed ujyn 
the group term Adipocolliiloso, by which it is 
proposed #0 designate The cuticular 

tissues, such as constitute the covering of jlc.sliy i 
fruits and leaves, while similar in many respeoif^ j 
are simpler in composition. When purified they ’ 
are non-nitrogenous and appeal to bo homa- 
geneous. 

FiAmy and Urbain have developed (G. 

100, 19) a somewhat different view of the%on- 
stitutionof these tissues. Taking IJe protective 
tissues of th^leaf of the agave as the type, in j 
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|%ddition to an interior epidermal layer, whioh 
is cellulosic, and is soluble in cuprammonia 
after treatment with boiling hydrochloric acid, 
they distinguish the external or true epidermis, 
which they term Cutoso. The substance com¬ 
posing this tissue i^as the following properties: 
it is resolved by alkaline saponification into two 
fatty aci8s, oleocutic a H(iuid oily tody, 

I and» solid body mel^ng 

[ at 76'^, solubio in benzene and glacial acetio 
I ac\p, a-d slightly soluble in bojiing alconol, tlio 
I solution "(datinising on cooling. The following 
1 numbers give the percontago composition of tho 
: original cutoso anfi of tlie Iwc^dorivalives. 



Cutose 

mOlcoSnfic acid *SUarocutic acid 

0 

08-4 

Oli-O 

TiVfl 

n 

8-7 

, S-2 

. io ;t 

0 

220 

‘25-2 

14-2 


Whence it is coTicludcd that the molecule ol 
cuto.so is coimiosod proxiinaloly of oleo- and 
stcaro-cutic a(ftd9 in the inflleoular proportion 
of 5:1. 

• Tho two derived ^cid.s above dc'seribod are 
! marked by a curious iii>5tal)ility or teinloney to 
reversion^ passing und(“r ecr(:iin conditions, 
jiotai)ly by exposure of their solutions to light, 
into modificationscloscly resembling tlie original 
cutose. 

With regard to the distribution of cutose in 
Iho plant world, while it is the main constituent 
oi tlio exti'i-nal protective tissues of leaves, 
llcfdiv fruits and tho sk-iris of annuals, it is 
found also in the inh rior tissues, e.gr. the bast 
au«l Hhro-vascular bumllcs# 

Tliesft rcsoarcltes are an imiiortant eontribu- 
lion to tho subjee^; and while iJicre ia no 
n?a.son to doubt tho authors’ couelnsions in the 
main, it is prohal)l<' that tln’y have overlooked 
tlio presence 'd .xluilos'' as a constituent of 
eulosi! wlilrh oeenr-j as an orgaiilsedi.c. cellular 
tissiK*. Wo need sennjol^ observe that the 
chemi.-dry of adifiocolluloses has been 

but little investig;4ed. 4 

Constitution of iEriLUr.osE. 

Tho physical properties of c(?llulose th>ow 
but littlojjliglit on tlie problem of its molecular 
constitution. Wc have seen, moreover, tiiat 
celiulose is cheniicuUy fn.-rt; its derivative com¬ 
pounds are few, and of tln^se indeed tho nitrates 
alone api^ ar I0 merit such a description, tlicir 
formation oieing unattended by molecular arcso- 
’ution. From tlieir compodlion and properties 
we infBt tho presinootif Jiletdiolic OH groujis in 
tho coliulosoijioleoi^j. i'Ji- :.;:i‘'hial resohitiou 
by the action of suljHiuric acid, tlirough a acriea 
of compounds terminating amiroodextrin, 
indicates a corta. i c,onstitutu>ltal relationship 
to tlie simpler cliI ^hydrates of which tho latter 
is a ty'pical roprese; j-ftivl. Tlio exact mechan¬ 
ism of the resolution not having been elucidated, 
it is impossible to^lraxt any bat the general 
inference fimn Uii prohicts to tho original 
cellulose molecule, viz., Cuit tlio lattc^ is a com- 
ple.t of molecules reseuibling^heso simpler and 
belter known eavboliydrat(!|. Wc also infer that 
tho bond which utii^ps them is one oi4dehydra- 
tion, but tlie exacj nature of this bond is for the 
present entirely conjectural. (For a disQUssioQ 
•of the probabilities involved in thisf)roblcm the 
reader is referred to a paper by Faeyer entiled 

aA 
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^Wasserentziohanff n. Ihre Bedeutung filr daa^ 
Pdanzenleben und die GdlirunTg,’ B. 3, 03.) 
That such molecules are to be regarded physio^ 
logically as well as chemically, as the proximate 
eonstituents of the cellulose molecule, is a con* 
elusion which has perhaps been somewhat pre- 
matmelydrawn. Its ultimate origin is course 
to be^raced to the carbonic anhydride and water 
of ^he air and soil, fthe synthesising agencies 
being i^the protoplasm and chloro'phyll of the 
plant, aided by,tho supplies of cnerg'/ fiffra 
without. It has been supposed that the mediate 
source of^the vegetable carbohydrates is formic 
aldehyde, and thi* recent rei^earches of Loew 
(B. 20,141) upon^che condcnsatioiiF of this alde¬ 
hyde have at least confirmed the probability 
of this RUi>pQsition. The produ^.s of resolution 
of cellulose, moAjover, clearly indicate the pre¬ 
sence of aldehydic groups in the luolecnles. 
Apart from conjecture, we may, to sum up this 
brief review, regard the celluloseftnoleculo as a 
complex of simifier carbohydrate groups, con¬ 
taining alcoholic and aldo^iydic oxygen (u. als#i 
Bowman, B. A. 1887). 

The most striking features of the empirical 
formula of cellulose 0^11,are those bharacler- 
istic of the entire group of carbohydrahis, the 
molecule containing some multiple of and 
the hydrogen and oxygen having the ratio 2)1. 
At present these relationships arc merely sugges¬ 
tive of conditions of molecular equilibrium to 
bo elucidated by future investigation. 

The prevalence of the C,. group is remarkable 
and suggests a relfl-lionship to the aromatic 
group, which is confirmed by the undoubtedly 
cellulosic origin of the b‘^-*'‘7.ono compounds. 
On the other hand we have no evidence of the 
existence of closed chains of C atoms in the 
cellulose molecule, nor liave any simple transi¬ 
tions from the one group to the other been as yet 
discovered. If we tuMi, l\owovor, from the typical 
cotton cellulose to oth<\r forms of cclnilosc, such 
as those isolated from growiiSg tissues, wo find in 
the ease with which many of tnem yield furfural 
as a product of acid hydrolysis, some evidence 
of 4 more complex union of the C atoms, than 
the normal type usually assumes. D .ssing on 
further to tlie lignocolluloscs wo find a molecule 
in the constitution of wliich a furfural group^ 
undoubtedly plays a i»art, and in which the 
linking of the 0 .atoms is such as permits a 
simple transition, in part at least, to products of 
undoubtedly ‘aromatic’ comjiosition. 

We have, in tliis brief statcrnient of the evi- 
denc^which w g ifer c «.» uponV^^'hiclidto found our 
views of th^ constitution of cellulose, endea¬ 
voured rather to indicate the main lines upon 
which the investigation of the problems involved 
is proceeding, than to ^dr^w premature conclu¬ 
sions. The subject will be enormously developed 
in the future, and wdll constitute an important 
foundation of the natural hintory of the carbon 
compounds; a department or ^iew oi the science 
which can ,ecarce!y as yet be said to bo within 
reach. ^ 

C Nom^nclxtubb. 

Considerable confusion has been imported 
into this subject by the indiscriminate employ¬ 
ment of tkc termSf cellulose, lignin, woody* 
fibre^ lignose, ‘crude fibre,’ in describing the 


various products, natural and artificial, of which 
this article treaty The want of uniformity 
arises from the di^ion of the su^eA amongst 
physiolo^ts, ag(ji<pjilturist8 and olremists. That 
which wrnave adopted appears to bring about 
a certain simpli^oation. 

The application of the term cellulose we ' 
have already defined and limited. To denomi* 
nato the comf cund cbilulOees, which correspond 
with the chief modific^ion^ of cellul^e recog¬ 
nised by physiologists, we use a impound 
term consisting of cellulose as the substantive 
portion with a qoalifying prefix. To specially 
distio'gaish the characteristic con^tuent of 
these comijounds, that to which have ap¬ 
plied the neutral term non-colluV)se, we employ 
the root of the prefix with the termination in, 
thus 2 ^ccti)i, lignin. o 

In conformity with this plan it may be ex¬ 
pedient to introduce such terms as subero- 
cellulosc, (Alto-cellulose, suberin, cutin, and many 
others: but this shoula^bo left to be determined 
by the progress 'of investigation. The special 
classification and nomcnx;latur6 pr^jposed by 
rrciiiy has been already discussed^ C. F. 0. 

CERASIN, the meta- acid (v. Aiumo acii 5) 
existing in cherry-tree and plum-tree gums, an(i 
in the gums of other tfecs of the same family. 
Gum arable yields corasin when heated to 160® 
(Gelis, C. li. 44, 144). Cherry-tree gum is said 
to contain .52*1 p.c. arabin, 34*9 cerasin, 12 water, 
and las/i. Treated with nitric acid ccrasin 
yield 15*6 p.c. mucic acid. C.O’S. 

CEEATIN V. Pjioteids. ' 

CERATOPHYLLI^. "‘[147°]. Extracted by 
lime-water from the lichen Parmclia ceratO' 
jihylla (Ilosse, A. 119, .305). Thin prisms, si. 
sol. cold, V. sol. hot, water; v. sol.. alcohol, 
ether, and aqntVous .alkalis. FeXla colours its 
alcoholic solution purple. Bloaching-powder 
gives a red colour. 

CER^EEIN. A poisonous, cr 5 ;talline gluco- 
sida occurring in Gvrbera OdoUam (Oudemans, 
J. pr. 99, 107; dc Vrij, B. T. C. 3, 167). 

CEREBEIN 0.69*08, H.11-47, N.2'13, 0.17*32 
(Parcus. From tliose numbers the formulie 

0,5 may 

be ealculiited). The body called Phrenosin by 
Xhudielmm (/. pr, [2] 25,10) is<j)robably the 
same body in an impure state. The name 
ccrebrin was used first by Kuhn (1828) and ap¬ 
plied to a n^ixiure ot oholesb^rin and lecithin. It 
was used by Lassaigno (1820) to denote the 
entire subslaufo that can be extracted from 
brain by alcohol. It was employed by Gobley 
(1850) to denote so-called ‘protagonj’ end by 
MiiW.or to denote the nitrogenous substance free 
from phosphorus that can be extracted from 
thg brain by alcohol, to whiohghe gave the 
formula CijHjjNOj. 

Tteferences. —Fwjrcrpy, A. Ch. 16,232; Frdmy, 
J. PK 27, 453 i Liebreioh, A. 134, 29 ; Gobley, 
XtP/j. [4] 19, 846; W. Mfiller, A. 108, 131; 
106, 361'. 

<• PreparatiotC—Ox-hraia is freed from mem¬ 
branes, washed with water, squeezed and heated 
(vith baryta to boiling. The clear liquid is 
pour^'d oil and the coagulated residue washed 
with nearly h'oilifig water, dried and extracted 
with alcohol. The first extract Sepoeits very 
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little on cooling, but cerebrin mixed with cholcs- 
terin separates from the Absequent extracts. 
The cholest^rin is removed^y solution in ether. 
So prepared, cerebrin is fiwo«from ffcosphorus 
but contains inorganic matter. 250 grms. were 
got from 90 brains. It is redi^olvcd in alcohol 
at 60®'which leaves a barium salt undiasolvcd. 
The bariui^ that g<^s iq^o solu^ii is removed 
by a current of CO.^. The ccrebnn is purified by 
frequen# rccrystuMisalfcns from alcohol. The 
earlier mothcr-liquors deposit on standing a 
gelatinous pp. By recrystall^ation from alcohol 
this pp. may bo separated inft) cerebrin ^Ppiicri- 
cal crySfals), homocorobrin (nef'llos), and en- 
cephalin (B. Parcus, tT. pr. 132, 310). 

Propertied ,—Separates as a white crystallino 
powder composed of transparent globules f«Din 
a boiling alcoholic solution. Soluble in acetone, 
chloroform, benzene, and glacial acetic acid. 
Insoluble in ether. Separates from acetone 
partly as globules, i^tly as matted tbreails. 
Cerebrin dissolves in cone. H..SO,. On standing 
exposed^to the air,^thc liquid becomes covei*ed ' 
with a purple skin, whiWi afterwards turns green. 

.Cerebrin decs not combine with acids, bases, or 
salts. It is not affected by boiling for a sliort 
time with baryta. It is but slightly decomposed 
by boiling alcoholic pl.Lash. Cerebrin swells up 
but slightly in boiling water. It is very sliglitly 
hygroscopic, absorbing 2 i).c. of water from the 
air. It is decomposed by boiling for a long ' 
time with baryta. Boiled for some hours witli 
dilute HCl it torms a solution that can reduce 
Fehling’s solution. 

Homocerobrin C. TO'JWpx.: 11. lldJ ; N. 2-2 ; 
O. ICT. Tho yield is } that jf the cer<‘briu. 
Soluble in the same liquids as cerebrin ; soluble 
also in boiling ether, ywells ujj in hot water, 
but docs not form a past% R not dccum])osed 
by boiling water. Treated with hot Ht l, it 
forms a solution ^hat reduces Folding’s solution. 


extract of cprk contains phellyl alcohol 
CjjHjsO [100°], a neutral, crystalline Bubstanco» 
si. sol. alcohol. 

CERIUM. Co. At. w. 139'9. Mol. w. un¬ 
known as element has not been gasified. S.O* 
(abt. 18°) 6*63 to %‘T6 (Hillobrand a. Norton, P. 
150, 4'2i). M.P. considerably above thaUof Sb 
(150^) but below that of Ag (950°) (H, a. N.).' 
Hni. ( 0 °-t 0 O-) -OllTO (»., ]\ 158, 7). SbV.S. 
21T. Chic*r lines in i*missioii*spectrum^5352*2, 
{'K73-2, 1028-2, J.’'.72 0, 4502> 4290, 4289 (Th.a- 
14‘ii). In 180.8 Klj’j>roth, and imi^'pendcntly 
Berzelius and l^isinger, scnaralod a new earth 
from a Swedi.sh mim-ral and called it Ceria 
(from tbo tifi'iirccontly iliscbv^red planet Cfiirs); 
in 183!)-41 Afosander (/\ 11, 400) proved that 
ceria was a igixturo of at least 4hrce metallic 
oxido.s, oxides viz. of Co, l/i, ai^d Di. The metal 
cerium was first obtained l)y Mosandor in 1826, 
ii was more fully examined by Wohler, Bunsen, 
and other demists. • 

Occnrrcncc.— In many Swedish minerals, 
•more especially in a silicate of Ce (abt. 

50 ixc. Ce^O.,); occurs as silicate, phosphate, 
carbonq^o, fluoride, Ac., also in ninny ajxititesi 
generally aceompiinied by Ija, Di, Pc, Al, ttc. 

It has beoji recently found that clay used for 
brielcmaking at Ilanisladt (near Soeligonstadt 
ill the noighbourbood of Frankfurt) contains 
from 8 to 12 p.c. of Ce,,0., (Strohecker, J,pr, [2J 
•33, .133 a. 200). 

iVcjwafmH.-Cerite is heated to redness, 
powdered, n ixed with considerable excess of 
coi*o. H.SO^, and tho mixture is gradually heated 
to incipi<‘nt redness in a ITossian crucible; after 
cooling, the mass powdered and then added, 
little by little, to ice-cold water, wlmrcby sul¬ 
phates of Cf, La, and Di are dissolved; the 
treatment witn A-c. is repeated with the 

portion insolullo in cold water; the aqueous 
solution is heate<l to bt>iWng, whereby basic sul- 


Boiled for n long time with baryta, it is decom¬ 
posed. It 18 not hygroscopic. Its sdlntioas ai'o 
neutral. It does not combine with acid.s, T»asos, 
or salts. * It separates from alooindic soluliuus 
in very fine needles. After separation from 
alcohol and drying, it is not a white i)owder (like 
cerebrin) but a w^axy mass. It is more soluble 
in absolute alcohol than cerebrin. i 

Encephalin. C. 68*4; If. U-G; N. 31; 0.10;9. 
Resembles homocerebriii rather than ceicl)riii. 
It separates from solutions in flexilile plates. 
From acetone it separates in granular jjia.s.ses. 
It swells up with hot water forming a complete 
paste. Boiled with HCl, it forms a solution 
that can reduce Fehling’s solution. 

CERIC ACID, C. 64-2 p.c.; IT. 8-8 ; 0. 27 0 

p.c. Q^bttHned by the action of f 1 NO., on e?rin, or 
accoming to Eugler on phellonic ackl C 22 H ,^()3 
[96®]. Phtllonic acid is obtained, togeti.e^ with 
glyceri*and stearic acid, by the action of alco¬ 
holic KHO on cork^harhas previously been 
exhausted by chloroform and alcohol (Dojming, 
il.46,289). 0 

CERIN Ca,H*,0(?). [250®# A substancc^that 
may be extracted by chloroform from cork, the 
bark of Qtiercus Suher^ in which it occurs to 
extent of 2 p.c. (Kiagler, Ar. Ph. [3] *22, 2i7; 

Ghevreul, A. Ch, 96, 1?0; Dapping; A. 4$, 
889). Needles, insol. water, solf other solvents. 
According to Slewert (P-, 1.^)8,383) an alcoholic 


' pilules are ppd.; solution in ice-cold water and 
; ppn. iiy hfatiiig#to boiling are repwited several 
I times (Marignac; Bunsen^ WolilerJ. The solu- 
I tion in cold water is ppd. by addition of oxalic 
i acid solution; tho o.valatcs aro washei^with- 
water, %ricd, and heated in a Ft dish until com¬ 
pletely converted into o-xides. Tho mixed oxides 
(of Ce, La, and Di) may now bo treated in many 
dilTiV 't ways. Tlie following method was used 
by 1 rauner (C. J. 47, 88 J) in order to prepare 
pure CefiSO, for aloniic weight determinations; 
it is based iij'xm ^lic foriiiaiioii uf basic Co 
nilratohisolubfc in wa‘“r. Tho mixed oxides were 
dissolved A moi^.ahdy ooift: IINO^A^ excess# 

; of acid was removed by cvapo»ition, and the 
! syrup-liko liqr. ^l was poured into much ptire 
boiling water ; 'ho ppd. basic eerie nitrate wafi^ 
washed (on a ? m;jel«3oimocted with a pump) 
with boiling watcr*containing a little nitric acid. 
The nitrate was dissolved in HNO^Aq, excess of 
acid wa^ romo\Ad b" evaporation, the liquid 
was poured infer boiling water, Ac., as already 
(V^scribed. This treatment was repeated 10 or 
11 times. From the •pure basic ccrio nitrate 
thus obtained other Ce lomxjounds may be pre¬ 
pared. Brauner^reparod Ce^SSO^ dissolving 
the basic nitrate in diluteH-^SO iAq, and H^SO^q, 
evaporating to dryness in a Ft dish, and heating 
with due precaution, dissolving ^n a little ioe- 
cold water, ppg. by absolute ^cohol, \%shing 
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with ab«. alcohol, dissolving in ice-cold water,* 
ppg. by alcohol, dissolving ogain, heating to 
100 ° and stirring with a glass rod; CejOSOj.OHjO 
was thus obtained; it was dehydrated by heat¬ 
ing lor some weeks at 440° in molten sulphur; 
at full roduess the Bulphate„givo3 o£t SOj and 
SOs and leaves pure CeO-. , 

Btbinson (Pr. 37, ICO) prepared pure CojClj. 
Thu mixed oxides frqpi cerito were dissolved in 
HmlaAq (v. supra), and the liquid,Wiftcr concen¬ 
tration to a syrup, was poured into boilin)! dilvito 
H,.SO,Aq; the basic sulphates were dissolved in 
HNO,Aq,* the Ce salt oxidised by boiling with 
PbO., (Gibbs, Jtil% S, [2] iiT,^ 332), the liquid 
evaporated, and €is. and Di salts, removed by 
treatment with HNO^Aq; the pure basic ceric 
nitrate remapping was convertedinto chlorideby 
treatment with KCl Aq, from this Ce oxalate was 
obtained by ppn. with oxalic acid; the oxalate 
was heated in dry IlCl, and imrc Cc^Clj was 
thus obtained (for eletails v. orijfriial). Eobin- 
son (Z.c.) also rcconimeiuls evaporating the nitric 
acid solution of the mixed,nitrates to completd 
dryness, heating the brown mass to full redness 
until tile rcsi<lue is pale-ytdlow, and treating 
this with boiling dilute llN'0:,Aq; tie basic 
nitrate remains while nitrates of Pi and La 
dissolve. 

Other methods for i>re|)aring more or Ims 
pure Co salts arc described by linnaen, P. Ibo, 
;175 ; Cxmlnowies, J. pr. SO, 10 ; Watts, G. J, 
2,147; llolt/.niann, ,/. ls(i2.13(1; John, Bl. [2] 
21, 533; Lrk, X. I2J 7, 100; I’opp, A. 131, 301; 
Pattison a, Clark, ('(, K. Hi, 2.7,t. Wiihlcr (-1. 
144, 251) irrepareil Ce by adding pieces ol Na 
to a molten mixture of Ce-Cl.,, KCl, and Nil,Cl; 
the product, howeviT, was ilopnre. llillcbrand 
a.Norton {P. 155, (liki; 1 rd;,4till) by electrolysing 
Ce..Ct,„ covered with N.H,C1, using a thick iron 
wire as negativ,* eleclrofh; (4 linnsen’s colls) 
obtained approximalq)y pure cerium. (Por details 
t). original papers.) ^ 

Properties and licocfioni.—Steel-grey, very 
lustrous, viry ductile, nietar; malleable, un¬ 
changed in dry air.^mt in moist air is siiper- 
ficialfy oxidised; heated in air burns to oxide 
with production of heat and ninch lighf,; burns 
in Cl, Ur, I vapour, ,S vapour, P vapour, forming 
compounds with these ehunents; easily dissolved 
by IlClAq,diluteIINOj or JI-SO,Aq, no reaction* 
with cold cone. UNO,, or ILSOiAq. Co slowly 
decomposes cold water, quickly dccoiniJoses hot 
water. As the V.D. of no Co compound 
has yet been detcrminedl tht> At. w. of the 
, metalumst bo fijwd by chci^'cal consider,ations 
and by S.li. ,Tho value given to the At. w. tor 
many years was abt. 92, and the formulie of the 
oxides, and chloride, A'c., were CcO, Ce.^()3, 

' CcCL, &c .; Ce was thuj placed, along with I^a 
and Pi, in the same class dq, Al and the earth 
metals. Considering the relations between the 
properties of compounds of Ce, La, Pi, and of 
other elements, Mcndelejcf! (^.wSlrr 7 ?pfo(Z. 8,135) 
thought tha^ Co ought to bo classed with those 
elements which form vycll-marked oxides MOj, 
i.e, with Ti, Zr, Sn, It this were done the 
At. w. of <Xj would become 9? x h’urther in¬ 
vestigation has completely justi&cd Mcndolejeli’s 
proposaV, Ce is now’ classed with C, Bi, Ti, Zr, 
8n, Pb, and Wh; La is placed with Al and the 
eartl^paetals, and Pi is classed with the elements 


of oroup y.'Whose. siiarsoteristlo highest olida 

is^Oj. ".i . j 

The At. w. of lerinm has bomi determined 
(1) by estonating RO, in cerous sulphate (Bs- 
ringer, A. 42, KJ; Kammelsberg, P. 56, 65; 
Hermann, J, px, 30,184; Marignao, A. Ch. [3] 
27, 209; 38, 148). (2) by estimating Cl in 

cerous chloride (Boringer, Z.c. ; Bobinson, Fr. 
37, 150). ^) froiif cothbuslionf of cerous 

oxalate (Jogel, A. 105, Rjmmelsbeyg.P. 108, 
44). (4) by conversion of CCjSSO, into CeO.^ by 
heat (Brauner, C. J. 47,879). (6) by determining 
S.II. of approxipuately pure Ce (llillcbrand a. 
NortiAi, P. 15fi, 471). The most occu|ate deter¬ 
minations are those made by I^binson and 
Brauner, respectively: both leadilo the number 
lii9’90 (0 = 15-9(i). 

Cerium is distinctly metallic«in its physical 
and chemical properties; it forms the oxides 
CojO,, and CeO„ (and probably also CeOj), both 
of these art, salt-forming in their reactions with 
acids, but the well-marked salts (cerous salts) 
arc tliosc eorres]ronding to CcjO^, e.g. Ce^OSO, 
Ac.; in this respect Co diHers from IK, Zr, Th, 
Bn, and Pb, the salts oV which metals belong to 
tlio forms M.K and MX.,(S.= SO„ COj, 2 NO 3 , Ac.)? 
and shows analogies with the elements of 
Group III. (Al &c.). Cp, does, however, form a 
ceric sulphate Cc2BO|; besides the oxide CeOj, 
a lluoride CeP, an.alogons to TiP,, ZrP„ &c., is 
known (i*. C.vnnoN group of eueurnts; also 
TiT.VNTOM GROUF of ELE.MENTS.) 

Delcclion and Estimation. —Ce salts are 
generally soluble in water: alAali.s pp. white 
hydrateil Cc.P;,; NatyOA .i pps. yellow hydrated 
CeO.j which dissolves in lIClAq in presence of 
alcohol to form a colourless liquid; solutions of 
Ce salts arc ppd, by oxalic acid, the. ppd. oxalate 
is white and ill*.hiy^c in NH, salts; saturated 
K.SO, Aq pps. a white'crystalline double sulphate, 
scarcely soluble in cold wrater, decomposed and 
dissolved by hot water containing a little IIOl; 
Co salts t oiled with PbO^ and a iRlle HNOjAq 
give a yellow solution. When a slightly acid 
solution of a Ce salt is mixed with ammonium 
acetate, a little ILOjAq is added, and the whole 
is warmed, a yellowish pj). iS formed (Hartley, 
C. J. 41, 202 ); if this pp. is moistened with 
NIIjAq, ag.ain treated withll^O^Aq, and warmed, 
an orange solid (? CeO,,) is produt^d (de Bois- 
baudran, C. It. 100, 605). Co can be separated 
from La and Di only by very prolonged treat¬ 
ment, V. Preparation. Co is usually estimated 
as CeO.j, but it is very difficult to obtain this 
oxide pure. For methods of separation and 
cslimation a manual of analysis must be con¬ 
sulted. t 

Cerium, carbide of. Said to be cfotained as 
a dense (jlaok powder, insoluble m hof cone, 
aoidk, by heating cerous formate or’oxalate in a 
stream of H, and tjjeating with HCLAq to dis¬ 
solve O’ut any oxide forSied. Analyses agree 
approximately with composition CeC, (Dela- 
fontaine, J. 1865. IT). 

Oerium, haloit and oxyhaloid compounds ot 
Cerium forms cerous haloid compounds, C 03 X 1 
orvCeX,, corresponding to the oxide Ca^O,; and 
also a.ceric fluoride CeP,: the molecular weight 
•of none of tl^se compounds has teen deter¬ 
mined. 
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Csaova bkomidi!. CB^fi-OTJP^Sn. Kn^wp 
»a the hjjdmte CeBrj.xiEi 0 . 1 »'i(fet*ined by dis- 
eolTing oevoBS oiide, Cejf,;'. in HBrAq and 
evaporating. Deliquescent geq^llea; Michanged 
by lieating out of .oontact with air;%oatcd in 
air, partially decomposed with 1«S3 ol Br. Forms 
double salt CcBr 3 .AuBr 3 . 8 HjO (Jolin, Bl. [2] 21, 
323). , . » 

Oerods *CHL()BiD#i TScjCIf. ^ CeCl,. Ob¬ 
tained Iw heating,Co^’n Cl; or by dissolving 
COjOj in HClAq, adding NH,C1, evaporating to 
dryness, and driving oil N11|G1 by licatq g; or 
by passiii;^^ a mixture of dry IJO and Cl over ]iot 
CeaOa (Dicier, 0. li. 101, 882). Jiiire Cc(?la wji:^ 
prepared bjiJiobinson {Pr. H7, loO) by heal in;' 
pure Ceo(C./)^)l in pure dry IICl gas to 120''-l:>u ’ 
for some time, then to 200’, and then to l^w 
redness ; tlie »naU quantity of C separated was 
removed by lieating at low redness in mixed 
COj %nd IfCl; finally the tomperaLiiro was 
raised to a full red and stream 

was stopped. The chlflrido was allowed to cool 
in IICl gas, transferred to small lla.sk, and 


^Have been described, but their existence is vert 
doubtful. 

Cerous oxide. Ce.Oj. (Cerium sesquioxide,) 
Mol. w. unknown. Tlio white, bulky pp. ob¬ 
tained by adding KOllAq to a solution of a 
cerous salt is hyd^tod corons oxide; as the pp, 
at once begins to take up O and CO... frcmi the 
air the nyilratc has not yet been obtainecFpure, 
Xl^p oxkWOo^O,, is propp ed by heating cyoua 
ox%j*to in alstreaia -d pure If. The ia 

! pV'painl from Hie bn.-ie nitial^i (n. CiiRrunr, .ZVe- 
2 >arali()u) by ilirhsolviiijg in a lifllo JlNOyAq aiiQ 
ppg. by oxalic acid (I’opp, .1. Jdl, .1111; Kam- 
inelsbeiv, P. I>, 8^»). • 

/Viipc/7/^s and Jiiun li nP. ■ A ;^r(‘y solid; 
unel'Mii.'.'ed by heating ill II. dissolves in many 
i n^id.-; to forimcei'oiis suit ; nt tliy form Oo..X , 

X-- SO,, CO.,,"XO,, 2C1()„ AO* 

! Cki:ic oxum. Ci-'O... {(^‘rinm dioj-ih). The 
pale y<llow ])]>. (.btaimul hy susjieinliiig 
Co.X'). 5 .;rirO i# KOllAq aiul*pn.‘sijig in l.'l is liy- 
drated certc o.xido {2Ci:0 ..iUf,.(); liammelsbcrg, 
•Z'. 108, 10). • 


kept inHacuo, o\rt .H..S04 and surrounded iy 
Ci«0, until IICl was removed. S.G. d 
(Robinson, l.c.). delique.scent solid; 

easily soluble in water with production of heat; 
decomposed by 0, or kf/sl.eain, to Cel)., (Didier). 
A hydrate, CoCl^.?!!/), is said to be formed l»y 
digesting Oe.O., in IlClAq and evaporating. 
Various double salts are deseriiiod; c.g, 
CcCl».4IIgCl...lOII.O, C<;0i,.PtCl,.i:iIT,.0, 
CeCl3.AuCla.ldlto (Jolin, Lc.). 

Cnaous cyI^idr (and double ci/anidi's) v. 
Cyanides. ^ • 

Ceuous KLUoiijOK. CeF;, ' dotained as a 
.gelatinous pp. (2CoF.,H..O) % adding XaFAq to 
CeOlj in lIClAq (Jolin).' 

Ceric ixuuridk. CcFuTI ,#. An amorphous 
brown powder, insoluble in water, obh ined by 
treating CcOa.OII.O with HFAq, washing, ami 
drying at 10^. Recomposed by heat with loss 
of H.O and HF and. formation of CeF.,; ligated 
strongly in contact with moist aii‘ CeO; and IIF 
are formed. Combines witli KF (by treatment j 
with KF.IIF) tofojm2CeF4.;iKF.2H/J (Ilrauuer, 
C. X 41, 69). • 

Cerous iodide. CcX,: or Ccl.,. Obtained as 
the hydrat^eI.,.OTToO, in coloiirle.'S crystals, by^ 
dissolving veXia in HIAq, evaporating in a ; 
current of IPS, and placing in. radio over ; 
H,,S04: soluble in water and alcohol, very | 
quickly decomposes in air (LangF, /. pr. 82, I 
134). I 

CEniUM oxvciiLourDES. The compound i 
Ce40sCln (--CC;,0-,.2CeCl3) is said to bo formed 1 
when CeCP is heated with Na (in ])re[iaration of ! 
Ce) and the mass is treated with water. • Dark | 
purplt, lustrous, powder; insoluble# in walor 
(Wohler, Af 144, 2o4). The same oxychferide 
is said ^ be obtained, as iridescent scales, by 
passing a mixture of ^teaFi and N over a fused 
mixture of CoCP and NaCl; easily soluble in 
dilute acids; heated in aij^ives CcaO, and^llCl 
(DiJier, 0. iJ. 101, 882). • ^ 

Cerium, hydroxides of, v. CERiuaf, oxides cf< 
Cerium, oxides and hydrated oxides 
The best studied oxides are cerous oxidS Ce.O„ 
and cerio. oxide CeO.^; a poAxidj CcOj afso pro* 
bably exists. Other oxides, e.g. and Cc40ft, 


.[■\)nnali<»i. —I. \\y washiii:' llio hydrate with 
water containing a iilll<‘ aertie aeid until KCUf 
is reiiiofed, drying and healing.-- 2 . Dy heating 
cerous Kul]iliato Co._,JSi), to full r«'<liicss in air. 
3. lly heating C(*F, in air (lhauner). 

• Preparation. —Cerous oxalalo is prepared 
from the hasio Jiitrate from cerite (e. Ceuium, 
^'r> 2 'aration ); it is lu'aled (0 redness in a Pt 
dish with froo access of air. Nordenskibld (jP. 
Ill, (ill)) (ibtained eolonriess, transparent, 
^o.sj 4 Tal cry.si.iisj of CeO# by lieating CtO.j for 
2 4 fiours witli a little borax in a ]mrc(:lain oven, 
and treating the mass with JlClAq; B.O. at 
15^ = 0*91. • 

i Proprrtii’s and i?<?<7/7/"n,<;.~Very p.de yellow 

: solid (WoP', I’ra’iner, lioliinson [fl. N, 64], 

' Crooke.s. . .38, 414). S.C. <e71 (Nilson a. Pet- 
Uersson, f. 13, llalj). # S.V.S. 2r>*4.'>. S.lf. 

; *0877 (N. a. P., Pr. 31, 46). Dissolves in cone. 
ILSDjAq witli j^r?)ducrion of much heat, and 
evolution (.1 some O; on crystallising, the salt 
Co.yiSO,.Ce(S 04)./2 UI. 4 O t^piirates (Mendelejeff, 
A. 1(58, 45); from the mother-liquor oto this 
salt ce^c sulphate Cc2S(),.‘4JI.() is obtained. 
This reaction .shows that part of the CcO^ is re¬ 
duced by the H^SO, 3) CeJ).„ and part reacts 
•..nth the acid to form Co2SO,. Dissolves in 
TfND,,\£; on adding N lf,N()., and crystallising m 
vacao 11 f double salt 2001 X 03 ) 4 . 4 NH 4 N 0 ,. 3 ll ,0 
ii. obtained. Scar.i' ly soluble in .IlCIAq; but 
dissolves in this add, and also in other dilute 
acids, in pmsenccwof .educing bodies, eij'. iiltcr^ 
paper, alcohol, SOJvq, Ac. ^ 

Ckuiuji xj.ioxide. CeO^. (Cerium peroxide.) 
Said to be ubta .led ns a ,reddish pp. by adding a 
sliglit excess ni NII;,A^ to Ct‘..3SO,Aq, and di-* 
gesting with hydrogen peroxide (do Iloisbaudran, 
C. Ii, 100, (105 ; Clove, Bl. [2J 43, 53). 

Other o.\inE& of ckrju’u are described 
Popp (.4.F131, IKm) ; I.i^rmann (J. 2 )r, 30, 184; 
82, 385 ; 92,113;; the formula) Ce^O^ and Ce^O# 
afe assigned to these ^xid*s, respectively; but 
experiments made by R^innclsbeig (P. 108, 40) 
and others tend 4;o sliow tliat the fpnly oxides 
wiiich have be#n isolated are Cc^O|, CcOg, and 
CeOq. * 

Cerium, oxychlorides of, t>. lender Cebiuic, 

HALOID AND OXYIIALOID COMPOUNDS OF. 
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CERIUM, 


Cerium, eftlta of.—Salts obtained by replacing 
II ot acids by Ce. Two series of solts are known, 
ccrons salts represented by Ce.j 8 SO„ and eerie 
salts represented by Ce2SO,. The ccrons salts 
correspond to the oxide Ce^Oj, the general form 
of these salts is Ce,Xj where X =- SO,, CO,, 
2 XO 3 , 2C10„ <&c.; the ceric silts correspond to 
'the ojtde CeO,,, their general form is CeXt where 
X = SO, ttc. The cercuis salts are considerably 
more stable than the ceric salts; tl^o latter are 
readily'reduced to the former; but fe\H cerjp 
salts have been obtained, the principal salt is 
Ce2SO,; ^veral double salts are known of the 
form Ce2SO,.xM.,B«„ and Ce 1 M;),..tMSO„ when 
M is an alkali nietnl. Many double,ccrons salts 
are known. A few basic salts are also known. 
Some salts have been isolated which appear to 
ladong to the' mked form xCc-_^,.yCcX.,; and 
one of the so-called basic nitrates is probably 
a;Ce.,eNO,.i/Co 02 . l’’or descriptions of the indi¬ 
vidual Baits V. the articles on the ijjirious groups 
of salts, cAitnoN.VTKS, siim'HATrB, ite.; the chief 
s.alts are the bromito, caiiioiiffios, iodate, iiitmlen,, 
uxaUite, perchlorate, jdui^phdles, nelcnate, sul- 
phales, tungstate. 

Cerium silicide. Described by Ullih ■[.'’] 
2, CO) as a brown powder; obtained by passing 
an electric current from 8 Bnnsen-cells through 


l^wax i whence it is obtained by distillation, nr, 
better, by treatment with alcoholic KOH.— 2. In 
the free state in b^p's wax (John, 09ieniisch6 
Schriften, A, 38; Bbudet a. BoissCnot, J. Ph. 
13, 38; Httling, 2 , 267; Hess, A.. 27, 3; 
Gcrhardt, Bev. sclent. 19, 6 ; Lewy, A. Ch, [3] 
13, 438; Brodie,M. 67,180; Zatzek, If. 8 , 677). 

Formation.—By oxidation of paraffin wiui 
dilute HNOj OB. with «hroijiio mixture (Gill a. 
Meusel, C. J. S, 466). Also by heating ceryl 
alcohol with soda-lime (SfchwSlb, A. 235b 141). 

Preparation.—'She alcoholic extract from 
bee’s wax is recry^tallised till it molts at 70®. 
This is. dissol^.d in alcohol and the lead salt 
thrown down by alcoholic lead'or ^uprio ace* 
tate. „ 

Salts.— Na.V. — CuA'„ at HIO®. — PbA', 
[lfii“].-KA'.-MgA'. ? [IdO®-!!,^®!.—AgA'. 

Methyl ether UeM. [00"] (bTafzger, A.224 
233). 

Ethyl tHher EtA'. [60®]. Fatty plate; 
(from alcohol). Solulfl'f. in ether. May b< 
distilled in vacuo. On distillation it gives of 
CJI, and CO- and the distilbato ooutaias cerotic 
acid and a paraffin [14°^ ( 0 -,U:,, or CjitlJ whih 
in the retort there remains a ketone'(92"] whicl 
is (C...H,,) CO or (C.,„H,,).,CO. 

Ceryi ether C„H,,.O.a,H,,0. [82»] 


a fused mixture ot KF and Ce.,F, in a poreelabi : Occurs almost pure as fthineso wax (Brodie) 

... - T .1 « • I. /X- V.tv.v /l-I/icrcA iJj OoHl 


crucible, and treating with walcr the brownish ; Occurs also in opinm-wax (Hesso, 
inaaa formed at the negative pole. The SI was.! and in yolk, the sweat of sheep (liuisme, hi. [2 
derived from the crucible which was strongly | 42, 201). ^ .j a- i -av 

attacked. Analysis gave numbers nearly agree- An acid [70 ] isomeric or identical witl 
ing with the formula Cc.-Si^. , cerotic acid is the chief acid present in tin 

Cerium, snlphidos of. Only one sulphide is ' product of saponification o^f^carnauba wax. 
known, ccrous sulphide, Ce..S,. It is best ob- | alcohol it sei»aratos a!,- a jelly, but from other 
tained by passing dry 11,S ^ver CeO., heated to solvents (etlicr, benzene, petroleum) a 

full redness in a poretdain tube. 8 .O. 5*1. Ver- cry.slaliino powder ^(otureke, A. 22i>, Joo , Cj. 
milion to black according lo the tempcr.ature > Beriird, Z. ['2] p.i'p)-, 
at which prepared. May also he obtained in : Halt.—I’bA- [111! ]. Sol. boiling glacial 

red translucent crys|,als by passing dry 11,8 : uoctio acid and toluene. Insol. boiling alcohol 
over a fused mixture of dry NaCl and dry Ce.CI,, or „ tt r, • tt \ 

and then washing with wiildr. Dnclmnged m | CiRO'^pNE C jlTmiO t.e. (C.,JI;,,),CO (?) 
ordinary ail* but burnt to SO^ and CeO,, la low ■ r62"lr Formed by distilling load ccrolato (Bruok- 
a red heat in air. Oisi^olves easily in dilute ; iier, J. pr. 57,17). riales (from ether), 
acidsewith production of 11 ,8 ; very slowly de- j Cerotone (C,„H„),CO (?) [92 ]. Fmraed by 
composed by warm water (Didier, C. ,(i. 100, ; distilling cerotic acid or its etljyl other (Nafzger, 
1461; V. also Lange, J. pr. 82, 129; fliid ^io-i A. 22.L 237). _ FJatesJfrom 
Sander, P. 11, 40(')) 


Cerium, sulphocyanide of ; v. suliuio- 
CVANinxs, under CvANim a. M. M. P. M. 

CEgOPIC ACID C3„1 I„hO, (?) In tko leaves 
of the Scotch 6r {Pimis sylvcstris), from which 
it may bo extracted by diiiUe aleoliol. Minute 
. ncedleti—BaA"aij (Kawalier,.4.88,<'il00). 

'* CEROSIE ,C.,H„0. [H2'J. A waxy sub¬ 
stance found on tho stem of the sugar-cane. 
Nacreous lamime (from alcohol). Heating witli 
•potash-lime oxidises it to cerosic acid 
C„H„0., (?) [93®], wlildh Vjay he crystallised 
from petroleum (Avequin, A. Cft. 75,218; Dumas, 
A. Ch. 75, 2’22; Lewy, A. Cfe,[3] 13, 438). 

CEEOTENE C.-H,,. [58\jr A product of 

the distillation of Chinese wax (Brodie, P. M. 
[3] 83, 378;' A. 67*, 210). Besembles paraffin. 
Chlorine forms C,.,lif',„Cl,s, C.jjHjjClj,, and 
C,;H„CI.j 2 . f.A similar body [6?°] occurs in hay; 
it is perhaps Oj„II„ (K6nig a. Kiesoff, B. 6, 
600 ). , 

CEROTIC ,4CID C,.,n ,,0, or C,,HjA. [78°]. 

O^uirtnce. — 1. As octyl oerotate in Chinese 


CERTL ALCOHOL C..,II,,„0 or C.,„H, A- [79°]- 

OccKJTcnce.— Chincse-wnx oonsifts almost 
entirely ot ceryl cerotato (Brodie, A. 67, 180; 
Scliwalb, A. 235, 141). Ceryl cerotato also 
occurs in thorweat on the wool of sheep. The 
wax outside ripe heads of the opium poppy 
contains ceryl corotate and ceryl palniitate, [79®] 
(Hesse, Jl. 3, 637). . 

i Vi’pai-nf ioH.— Chinese-wax is saponified with 
alcohplic Votash, tlio product mixed with bario 
chloride solution and the ceryl alcohoPsemirated 
from barffi corotate by solution in a^ohol. 

Reactions. — Is oxidised to cerotic acid 
C„H.,0., by heating jvith soda-lime. • 

Iso-ceryl alcohol C.„]^0. [62®]. The por¬ 
tion. ol tho wax ol Ficm gummifltta which is 
insoluble in cold ethtr (Kessel, B. 11, 2113). 
.iectyl de\ivative 0,,H„OAo. [67°]. 
CESPITISE CsHi!|N(?). (96°). Occurs in coal 
t*'', and in the product of the distillation of pent 
(Church a. Owen, P. M. [4] 20,110; Fritzsche, 
■iT. 1868, 402),' Litiuid, misoibla with water. 
Combines with EtI. Its platinocMliride is de- 



OETYL CHLORIDE. 
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tom^sed ^ boiling water (De Coninck, Si. [2]^ Di^eptyLaoetio acid %.€. 

45, ISX). Goldschmidt a. Constam (R.16,2978)1 (C,„Hj 3 )aCH.CC),H. [70°]. Formed by heating 
suggest that it is wet pyridme. I di-cetyl-malonic acid at 150° (Guthzeit, A. 206, 

C£TAN%v. Hkxadeca^k. i 3G5), Crystalline scales, si. sol. alcohol.—AgA': 

C£T£NS GmH,a i.c. €9,.(CH2j||.CH:CH2. amorphous i^p. 

Cetylme. Hexadectjlene. [4°]. (276”); (155°) CETYL ALCOHOL 0,r,Hs,0. JStJial. n-Prim- 
at 16 mm, S.G. i*7917; ^''*^842. V.D. 8 0. liexadccyl alcolioh Mol. w. 212. [50°}. (844°) j 
Formed by distilling cetyl alcohol with P.,Oj | (130°) •iit 15 mm. >S.G. (liquid) °f«tf8170j 
pumas aiP6Iigot,^. Gfe. [2J 4 ; Smithy. ^ = '8105; ‘:i> = -7837. H.P. 112,000 (BcrThclot). 

Ch. [3] 6, 40). Also by distillffrg cetyl palmt- • Occuh'cuce. —Speriiiiftiiti is cetyl palpitate 
tate or*oommercihl spermaceti (c/. Kralit, B. (C|„Tlv,)C,„lt3,0._, (Clievreul, UecUerchcmsur les 
1C, 3018), Oil; sol. alcohol and ether. Accord- j p. 171; Dumas ji.«Puligot, A. Ch. [2] 

ing to Bcrthelot {A. Ch. [3] 51, BD it forms ua- ' 02, 1; Dumas a. Stas, .1. Ch. [2] 7.1, ; Smith, 

stable compounds with HBr and U foi ms .1. Gli. "31 C, 10 1 A. 42, 217« Ileiatz.P. 84, 232: 


a dibroftiidc [14°] wTienco aleoholie 

KOH foriits oily bromo-cetono (Chydeiiius, A. 
143, 267). tlClO forms chloro-cetvl alccliol 
C,,H^.Cl(OII) (c. 300°) (Carius, A. 126, 195). 
SOa forms C,5l.„SOaH [18^],insol. water.—KA': 
[10C°j; S. 1 (Lasaronko, D. 7, 125). 

An isomeride of cetena. [42°],^28t°) is got 
by distilling azelaio a<|^with baryta (Scliorlcm- 
mer, A. 130, 265). 

CETENE GLYqpL. The di-acetyl deri-' 
oafiuc u,jH;,.^(OAc).^ ij^formed by the action of 
* AgOAo onsceteno Jibroiuide. It cannot bo dis¬ 
tilled (Chydeiiius, .4.^43, 270). 

CETENE OXIDE C„.li,A [bolow 30°]. 
(below 300°). Fro«L chloro-oetyl alcolml i/.’. 
Cktf.nf.) and aqueous KOII (Carius, A . 120, 202). 
Minute needles. 

* CETIC ACID C„H,.,0,. The glyceryl' 

derivative occurs in the oil expressed from tlio 
seeds of fatronjui Curcafi (Bouis, J. 1854, 402). 
According to ileintz {P. 90, 137) a very small 
quantity of this acid is ijpund in the products of 
saponification of spermaceti. 

Ethyl ether EtA'. [21°] {!'.). 

CETINENE C,,;II;,„. Getylenc. Hexadccineiie. 
HexiuiecuUdem. [20°j, (<t84^. (100' ) at 15 mm. 
S.G. *804; f = *71)7. U.F. 118,000 (B. .tho- 
lot). Large colourless tables. Formed by lieut- 
iug ccteno..(hexadocylcne) bron]i<le (natural or 
synthcticar) with alcoholic KOII (ICrull't, J3. 17, 
1373 ; c/. Chydenius, C. R. 64, IKO). * 

CETSARIC ACID C,„H,„a.. Contained, to¬ 
gether with lichgjiostearic acid, in Iceland moss 
(Ceh'aria islandica) (Berzelius, Schio. J. 7,317 ; 
A. Ch. 90, 277; Horberger, A. 21, 137; Knop a. 
Schnederi|^ann, A. 5-5, 144). Hair-like needle# 
(from alcohol), v. si. sol. water, si. sol. ether, v. 
sol. boiling alcohol. Tastes bitter. Decomposed 
before melting. Its solutions turn brown on 
boiling, especially in presence of Alkali. Fo.Cl^ 
gives a red pp. in neutral solutions.—(NHJ.A".— 
PbA" 

DICETTL Ca,H^. Dotnacontane. [70°]. 
(above 3C0°). V.D. 15*8. 1‘ormed^y Vroating 
an elherfal solution of cetyl iodide with sodium 
(Sorabji, (J J. 47, 37; cf. Lobedeff, Jf. ii. 1884, 
(2J 299). Scales, v. si. sol. ether, v. sol. boiling 
glacial*HOAo. • • 

CETYL ACETATE C^HajOAc. n-Prim-hexa- 
decyl acetate. [19°] (Becker, A.102, 220)<f [€3°] 
(Krafft,J3.16,1721). (27<°) at 190 mm.; (200°) 
at 15.mm. (K.). S.G.iJ*8«0; ^ *8612.•MM. 
18*772 at 20*7° (Perkin, O. J. 45, 421), Needles; 
il. sol. cold alcohol. • 

CETYL-ACETIC ACID is idehtioal wi,th 
SrKiRTC Jw:c> (g.v.). * 


87, 553). In tlie sebacemis frauds of geese and ♦ 
ducko (De 4ongc, H. 3, 22;’).* 

h'onudiion. .By the distillation of baric 

SL'bacate (.Sc!(#jrlemmov, iV. J^, 22). 

Pii'iniration. — 1. Spermaceti (10 pts.) is 
boiled witli alcohol (5 pis.) and potash (2 pts.) 
until sajmnilied. Tlie product is poured into 
water and t^o cetyl aleoftol crystallised from 
ether. The erude commercial cetyl alcoliol con¬ 
tains in jnldition t<f liexadi-cyl alcohol also n-p- 
oetadt'cyl alcohol and jn-ubably small quantities 
of othfg’ homologues (Kralit, B. 17, 1627).— 

2. The acetate is forme<l by reducing palmitic 
aldehyde (ohlaineil bydislilling barinm palmi- 
tate witli barium formate) with zinc-duat and 
lloetic acid (KrulTt, 7?. 16, 1721). 

]'‘ro/-ii'.rti(\<. -Stuall crystalline plates (from 
aloolud). Gives palmitic acid on oxidation. 

Sodium CetylateC„U,,NaO. [110°J(Fri- 
dau, .4. 83, U. 

tEthyl ether C,„II,5)El. [^0°] (Booker, 

A. 102 , 220 ). 

TRI-CETYL-AJfflNE C„II„N i.e. (C,JI„),N. 
[39°]. From cetyl iodide and gaseous NIIj at 
150° (Fridau, A. 83, 25). Needles. Ua salts are 
insol. wab-", t.ol. alcediol and ether.—B'HCl.— 
(D'llOi'.L’lOl,: yellow pp. 

CETYL.ANIL.INE C...:%I.,.N i.e. 
N,'G„lI,)(C„II,,,)i:W Piii'nyi-cplylaminc. [42°]. 
From eeiyl iodble and aniline ttU100° (Fridau, 
,1.83,29). Silvery scaleg (from alcoliol). Has 
no aciiun on litmus, and does not pp. metallic 
suits. JJ'.H,l'tCl„. ■* 

Di^etyl-aailino N(CJlJ(C,uHj 2 . From 
cctyl-aiiiline anil cotyl ioJido at 110° (F.). 
Crystalline.—U'.,fI,I‘tCI,. 

CETYI-BENZENE C,1I,,(C,„14,). Hexadccyl- 
bcyi &ne. (2110° at 15 mm.) Formed by 

tlie ai flon of sodium uxion a niixturo*of iodo- 
benzene and cetvll.allde (Kral'i't, Ti, 19, 2095). 

CETYt-BENZENE-SULPHONIC ACID 
C„lI,(C|„IlS().SQ|^t. IL .riidectil-henscnt-aulpiMm. 
me acid. Formed by siilplionating cetyl-benzene. 
The sodium salt A'Na is sparingly soluble (Kratit, 

B. 19, 2:183). , 

CETYL BENZ(H«T« C,.H„Onz. [30°] (Becker, 

A. 102, 219). Cl^’atallino sealiw. 

CECYL BOB ATE [58°] (Sc^iill, 

A. SupRl. 5,19*. 

CETYL BAmIDE C,„H,,,Br. [15°]. From 
eetyl aloohol,l(r,nndl'(F)idan,A.8.'), 15), Insol. 
water, v. sol. alcohol and ether. 

CETYL CHLOEID* C,«H„C1. S.G. U -841. 
From cetyl alcdliol and PClj. OS, insol. alco¬ 
hol, sol. ether? Boils above 280° with decompo 
sition 0amBS a. Filigot, A. Ch. 09, 4; Tiitt- 
scheS, Chim. pure, 2, 4C3f. 




90 CHEMICAL AND PHYSICAL PROPERTIES. 

• 

CHEUICAZi AKR FHYSIOAIi FK0F£BTI£S | tho s^e elements, it beoomes necessary ‘toi 
BODIES, COKKEXIOKS .BETWEEN. [Video the meaning of the expression chemical 
^rtain properties are common to all kinds of composition. It becomes necessary to frune an 
natter, others are characteristic of this or that hypothesis to account for the obseved facta 
ind only. Thus, e**ery material substance is The hypotl^is geileiiUy adopted asserts that 
ctod on by the fort \ of gravity in exactly the matter has a grained structure, that a mass of 
ame manner, but only a fevt liquids rotate any kind of homo^neous matter is composed of 
bo plane of polarisation of a ray o! ^ight. a vast but not indofiiyte number of minute 
‘ropertfcs belonging to the second of these parts; and that the prog^rtiM of the ^ass are 
lasse&aro subdivided irto two groups,* physic conditioned by ftie properties of these parts, 
al and ghemical properties. Chenifstry deals Those minute portions oA mtttor are %alled 
dtli those changes iu tiie properties of material*! molecules. But tho molecule is not necessarily 
lodies which are accompanied by changes in | itself without parts. The chemist asserts that 
ho composition of ^ho bodies. Physics deals I every mqj^cciilc is built up of a dehnite number 
/ith cluiiiges in the pr'oiicrties of bodies the i of sinoller jiart^'either of one tr of Several 
oiiiposition of whicfi ^muins tho 8 am 3 . When 1 kinds of matter. These parts of molecules are 
lie totality of properties by whicli a body is j called atoms. The atoms of elemAts are the 
;aown remains •unaltered throughqjit any pro- : ultimate forms of matter with which chemistry 
OSS, that process* is called physical; when : at present concerns itself. The •hypothesis 
ho result of any process is a body or bodies goes on to assert that tho properties of a 
irith properties so dilYcrcnt from tho totality niol(3Cule, atu^ hence tho properties of any 
d those of the origiirtil that tho dtiginal can portion of liomogeneous “^natter composed of 
10 longer be said to exist, that process is molecules of this kind, are conditioned by the 
lalled chemical. Pliysical osid chemical pro- j ftaturc, the nunibor,* and the Relative arrange- 
osscs are always closely connected in thoir ' ment, of the atoms which together fflPm tho 
pccurrence; no chemical change takeSjplace molecule. In otlier words, the hypothesis 
vitliout some accompanying physical cnaiigo, declares that the molecule itself a structure. 
n\d it is probable that every pliysical change is On this hypothesis, hy the chemical composi- 
o some extent uccompanied by chemical tion of a body is meant a st|to)ucnt of the na- 
shange.^ Many physical pvoporties are quanti-^ tore, number, and relative arrangement, of the 
ies which may bo accurately measured; c.f/. ' atoms which form a molecule of the body. Wc^ 
nclting-and boiling-pohits, specilic gravity, etc., know as yet almost nothing about tho configu-’ 
kc. Change of comjiosition of a body or sys- . ration of atoms in molecules; but chemistry 
;em of bodies is very freriuently accompanied by j has formed certain more or less clear hy- 
shango in tho value o§ one or more of theffi j potheses, and attempts arc consfantly being 
ncasnrable quantities; in other words, the : made to connect chai^oi^ in the values of 
diysical constants of a body ^ve conditioned, ; various physical propcirties with variations in 
imong other circumstances, by changes in tho : the relative arrangement of atoms in molecules, 
variable, chemical composition. By the chenii- as this arrangement is conceived by tlie.hy-* 
;al composition of any homogeneous kind of potlicses in quostioii* » 

natter is meant, in the first place, a statement of | But tho physical conception of the molecule 
ihc elements, and of the»imv>s of each element, j is derived from the study of various gaseous 
n a given muss of that bqdy: jn this meaning • phenomena: the physicist deals with tho mo- 
)f the term the chemical con^iosition of a leciile ^ a wfiolo; he pictures tho mmecules as 
>ody, or systeifi can be accurately stated, and ■ performing certain vibrations, on the form, 
leiinito relations can no determined betwx'cn ; amplitude, and rate, of which the physical 
$hangr^in the composition and cliangcs in tho j properties of bodies depend. The two concep- 
kralues of such physical properties as nnfling- | tions, the chemical and tho pnysical concep- 
ind boiling-points, specific rotatory power, spe- | tion, of the molecule are therefore to a great 
jific refractive energy, and so forlli. When tho '■ eVo^t mutually independent. In how^r then, 
'clations between the two groups of changes ; one may ask, can a development of the chemical 
liave been studied and goiu-ralisod, it may be- : conception be looked for by using physical 
mme posuiblc to infer the amount and cha- | methods of inquiry? Looking at recent re- 
•acter of a change of composition from measure- j searches, it seetis probable that the chemical 
ncnls of the clianges in the values of a few | coiicei^tion of the molecule must be very con- 
}]^ysical f>roperties. It would bf .imi^ipisible to • siderably modified, and must be brought moro 
}tudy the relations between every chemical into hannony with the physical conception, 
jhange and the accompanying variations in tho Tho latter istitsolf to some extent being changed 
jhyaical properties of the bodies forming the by the development of the theory of#vortex 
manging system; it is geejssary to select ! atoms. But*it must not be forgotten that the 
;ypical cases, and to study these as accurately I physical conception, in so far as it if a clear 
tnd minutely as possible. As a rule, onephysi- j conception, has been developed almost ^oUy 
sal property is choSen for measurement; the | from the study of gaseofts lalvs, more especially 
jomposition of the system is d^ihed to begin ' of the laws which express the relations of the 
KritU; the systqpi is aljowed, or cttusod, to pass 4 voluiflef of gases to teu^eraturo and pressure; 
into another definito stat^; and the variation ; these relations are dependent on the states of 
in the value of tho chosen jfroperty is determined, combination of the ^rta of molecules, and are 

But when is found that wveral distinct ! in no way affected by the nature or number of- 
rinds of matter exist, each homo^noous, each ! thes^partfc The chemical conception, on the 
Bstinguish^ by definite properties, and each 1 oth,er hand, zhust be made sufficiently elastic to 
sontaining in a #ven mass the same masses of | cover the phenoliena presented by gaseoui, 
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and solid, compounds; and most of th^ 
ehemicsl processes which occur anmng com« 
pounds# belonging to* these classesfaro con* 
ditioned b(Ah by the natui^ and number, and by 
the states of combination|*of*th6 ai(ms which 
form the chemical molecules of the reacting 
bodies. The chemical concepKon of the mole* 
cule will probably be n^odified when we know 
more of th^se prop^ie%whic^likc the relation 
between the volume^ of gascsfliid the tempera¬ 
ture airt prcssur#of ^lese gases, are to a great 
extent, if not altogether, independent of the 
nature and numbers of the^onstituent parts of 
molecules. The physical conception \yll pro¬ 
bably !:• modihed as we learif more of those 
properties which, like spcciflc heat, are for 
the most pa^t dependent on the nature and 
numbers of the constituent parts of moleciflcs. 
(u. MoLEOUIiib STttUCl'UftE OF MATTEU, TIIKOUIKS 
nEttAUDINO). 

Chemistry regards not only cluvnges in the 
composition, but also^hanges in the properties, 
of bodies ; she attempts to generaliso not only 
the laws of composition, but also those of tlie 
mutual ^tions, of lipdics. The sludy of the 
• connexionfi between changes of composition 
and variations in physical properties of chemi¬ 
cally reacting bodies will tlirow liglit on tlio 
nature of chemioaU change. When aecurate 
msasurcmerits Ivi-ve been made of the(|uaiiLities 
of heat which disappear or are produced in a 
series of typical chemical i>rocesses wo shall be*' 
able to aj^)ly to those processes tlio knowledge 
of heat-energy which is generalised in the ther¬ 
modynamical !aw3. Chemical change may then 
perhaps bo shown td'’be^ sp'-Mual iiisiauco of the 
w’orking of thoso laws. Tin. ee iditions of che¬ 
mical change on the one hand, and of physical 
dliange on tho other, nxust bo studied, in order 
that the laws which o.'^^refls tlie.-.e conditions 
jnay be gained; the relations between -hesetwo 
groups of laws must then be ascertaiui'd ; thus 
it may becoine pos.siblo to attain to clear mental 
images of Plural phenomena as wftoles whicli 
now present one aspect to the physici4 and 
another to tho chemist. 

For account^of the various physical methods 
employed in chwnistry, and resumes of the more 
important results, v. Piivsic.u. methods. 

M. M. P. M. • 

CHEBftCAL CHANGE. Chemical science 
is based upon the hypothesis that matter is con¬ 
stituted of extremely small particles or atoms, 
and that tliese atoms arc capahl(*f)f aggn-galing 
together by virtue of certain inherent properties 
or forces, their allinities, to form complex atomic 
structures or groupings. 

The recognition of this distinctwc force by 
‘ the oldet chemists led them to proj)Ound*variou3 
theories to account for its existence gnd explain 
the phenolhenaof chemical action (y. AfAsity). 

Wi|h the nature of this force we are not con¬ 
cerned here, but onl/wiA tho phenomena that 
accompany its exhibition and the circumstances 
that modify its action. ^ ^ * 

By a chemical change, th»^fore, is meant any 
alteration either (1) of the fharacter of if per¬ 
mutation in an atomic group, such for instance 
as is exhibited in the change of ammonium 
oyanate, NH^CNO. into uiea (NHjy.CO;. or (^) 
a permutation between two or more such groups, 


as AB -f- CD a AD -h BC, which groups may be of 
^various degrees of complexity; or (B) the change 
may arise from a combination such as 
AB + CD = ABCD, or the converse of this, as U 
seen in tlie phenomena of dissociation. 

Tho majority of chemical changes may be 
formulated as peemutationf between two sots of 
ntomii^groups; such as tho action of bases on 
acids, the dc'composition of one salt by Aether, 
0 ^ tho C(^d>i nation helNatcn gaseous olemsfits as 
I.L + CL= 2tiCl. E.-iJimples of chemienbehange 
tccoidiag to case (.*1) are of Wss frequent occur¬ 
rence than Iho last; such are tho firmatioii of 
doiildo salts lik^the alums.^lic combination of 
certain gaseous molecules willi oxides, drc., as 
CaO-K C0.,#« CaCO,, and C4=C0C1.,. The 
number of strikingly marked instances that 
could come i^dcr the lioadDC^erBintations in an 
atomic group is very small, but such changes, 
may bo of fucquont occurrence, producing altera¬ 
tions in physical and chemical properties toO' 
slight to be ••cognisable. • 

There are several bodies whicli are known to- 
undergo remarkaWo and liighly interesting 
physical, and consequently no doubt chomical, 
change^, when heated, but whether such clianges 
come under class (1) or class (B) is undecided. 
Among sncli subslance.s are pliosjdiorus, par# ' 
cyuMO‘;vn, and cyanuric acid, in the case of 
f^lin.-pliorus, tlie cliange from the yellow to the 
red modiJieation, caused by In-at or light, is 
prohaldy due to an alteration in tho state of 
a;-rgi tigation of the ntom.-i; that is to say, if the 
molecuhi of m ellow plujspliorus ho P^ tluit of the 
rc5 modifieation is proh.ftdy P,„ ; for solid para- 
cyanogen, which is convi.rted by heat into 
gaseon.s cyun<*ge|^, and for cyanuric acid, the 
same may he true, willi or without a re-arrange¬ 
ment among tlie constituent atoms of the 
moleciilcs I'1. Adl.vtu.jj'V and Isomf.ieism). 

Til'' siody of the phenomena attending a 
chemical cliange shc’s liial in many instances 
lie I'j is an accojnpai^ing evolution of energy, 
from th<! chai#dng system, in one form or 
other, either as lieat, or light, or as elocinical 
current.-^. In other cases lo produce a chemical 
change expenditure of energy is necessa#{|>. 

W’|tit may bo tho nature of the chemical 
forc(i or all'mity tliat acts between atoms is not 
known, but it is characterised from gravitative 
force by this dilTev<!nce, that wlicreasgravitation 
act. upon all kinds of matter alike, depending 
mercl;, *on tho masso.s of tho bodies, tliomical 
attraction or ailini^ d(,‘j)onds upon tho kinds of 
mailer iliat arc presented to each other, as well' 
as upon tllf: coqplithijis under wliich tlii bodiei# 
arc brought together; in othc# words, it is an. 
elective attraction modiliable by circumstances* 
For instance, at aredheat inetallicironifloxidis^ 
by water vapour aivl l^drogen is set at liberty, but 
at a lower tempefaturc oxide of iron is reduced 
by hydrogen with the formation of metallic iron 
and wa^er vanoiir; a mixture of hydrogen and 
chlorine will r^ain unchanged for any length 
^ time in daAness, but ^xpesr^ro to sunlight 
will cause almost in^tantancouR combination,, 
and tho resulting compand (hydric chloriite) may 
be again converged into its origina:.\con8tituents 
by beat. If t8 a solution of silver nitrate a piece' 
of metallic copper be added, meiallto silver ia, 
ppd., and copper nitrate formed; %nd if now to the* 
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copper ttitraie a piece of zino or iron be added, ^ 
metallio copper is ppd., and zinc or iron nitrate 
is formed. 

These illustraticpa are sufTicient to show the 
relativity of ohoraicJl affinity as depending both 
upon the conditions\o which tlie system is sub¬ 
jected as well as upon rae qualities of the materials. 

• Un^cr whatever coiiditions a clfcmical 
system may exist in which a change is^ happen¬ 
ing, tfe atomic forces ftt work will continue to 
actunti¥a state of more or less stable equili¬ 
brium is reached, rfiter which no further action 
will take pllce; and the ultimate limit reached 
will depend upon (i) the rolati*’e quantities of 
the reacting budicj^*, ?.nd (2) the conditions to 
which Die system is subjected. As^lio system 
passes from the initial to the final conlignration 
there will be a*loA or gain of on<^gy equal in 
amount to the dllYeroncc betweim the total 
energy of the system in the two states. I’bo 
rate at which the chapgc takes place willdepend 
also upon the same two eircmnstunecs. Tlieso 
two statements amount to thy?; that, represent- , 
ing a chenii<'al change by the equation A + ]> 

A'-t-B', all the atomic foiees at work producing 
the transformation have not invariably the same 
,ratios, but that the ratios vary with variations in 
tHio conditions as regards heat, light, Ac.; and, 
consequently, any determinations of the relative^ 
affinities of tlie members of the system can only 
be looked upon as expressing certain ratios that 
hold good under special conditions. The final 
state reached by the system, and the rate at 
which the change progresses towards that sta^e, 
vary with the relative masses of the roactihg 
bodies, other things being equal, although tlie 
atomic forces or the affinities nunain the same. 
In other words the final configuration, and the 
speed of attaining it, are each a function of the 
reacting masses and of the atomic forces, the 
latter being a function the physical conditions 
to which the system is subfcclfMl. 

The phenomena of dis^bciafton furnish many 
examples of tlhese facts; as •do also those 
fiyst^ns which are limited by inverse actions and 
do not i^roperly come under tlie term dissociation, 
wherein both the masses of the constitumits as 
well as the conditions,especially asregav«ff. heat, 
influence the change in its amount and rate. 
The great field offered for investigation by 
fractional pptn. will, no doubt, afford many strik¬ 
ing instances of the variations of the ^affinity 
values under diverse circuinslanccs when the 
subject is worked out. * 

Fron^the foregoing considoration^it is clear 
‘'^at a chemical system mayor Aaynot undergo 
change by virtuc*of any intrinsic forces acting 
among tlie constituents, but that such will 
Mippen only according to the conditions to which 
it is subjected. Ilcaction^ wii^ch at moderate 
temperatures take place with evolution of much 
energy may bo completely suspended by lowc ring 
or increasing the temperature, ixf ludini light, 
or altering tho pressure; in ofl^jCr words, the 
forces or affmAlea rAiisting change, if greateP 
than those tending to Ji'oducc an alteration 
under some -pircumstonces, n\^y bo reversed 
when these circumstances are alt^od. 

There ^re, however, a number of interesting 
examples ui w^ich the stability of a system 
seems be overturned by the mere presence 


«>f an extraneous body which itself-underge^R 
no appar^it change. For 'instance, oxygen and 
SO.^ do nbt combine, when mod.erately* heated, 
but if pas^d over spSngy platinum Ibmbination 
readily ocTurs. ^oifietimes again the inter¬ 
mediate body docs undergo change, as when 
chlorine is passeifover a strongly heated mixture 
of carbon and silica, yhereas without the addi¬ 
tion of carbon tlm silioais ^t acted i|q5on by the 
chlorine ; or, platinum, which itself is insoluble 
in nitric acid, may be reftder^d solull^in the 
same acid by alloying it with silver [V. post, 
Catalytic changes, a. ,750). 

Soiijfi equally remarkable instances of the 
a])paicnt necessity of tho presence a third 
body ill order to bring about chemical action 
between two others have been notic*bil. Wanklyn 
{C.^. 20, 271) found that perfectly dry chlorine 
gas has no action upon metallic somiun. Couper 
(O.J’.dd, 153), starting from Wanklyn’s observa¬ 
tion, has exaeiinod tho action of dry chlorine on 
several metals that are acISrd upon vigorously by 
^tlio moist gas. Hj* *’ound that dry chlorine has 
no perce})tiblc action on Dut^h mctal^vhercas 
witli the moist gas coufoination takes place, 
with production of heat aiuy ight; or o^i touching 
the metallio surface when in an ali/iusjdicre of 
dry chlorine with a drop of water, instant com¬ 
bination occurs. Coiqicr eiiamincd a numb(?r of 
metals in the samo way with t^ie following rc« 
: the chlorine gas used was allowed to 
stand over C.aCl., for several days to thoroughly 
dry it. Zinc, and inagnesiiun, showed,nioaction; 
silver, slight action; bismuth^ combination 
slow; arsenic, antimony, apd tin, rapidly acted 
upon. It is worthy of nfete that these last three 
inolals form volatile chlorides liquid at ordinary 
temperatures. With mercury, combine tiou 
equally rapid, wi^h dry or moist chlorine. 
Potassium showed slig^it action, probably due 
to adhering KliO; with proper precautions 
against moisture, action was slow. Dixon 
{'T, 1881, 0^7) has observed a sonifwhat ana- 
iogoiij^fact relating to the combination of gases 
under tho inlluonce of tho electric spark. He 
has shown that if a mixture of CO and 0 be 
perfectly dried by and bcR then subjected 
to the spark from a large Leyden jar or a 
llulimkoriFs coil, union docs not take place; if. 
However, the slightest trace of moisture be 
admitted to tho mixture, and the spark again 
made to pass, combination occurs. The hypo- 
llicsis Dixon advances to account for these facts 
is that the infervention of water molecules is 
necessary to bring about combination, a molecule 
of water being decomposed under the influence 
of the spark by one of carbonic oxide to form 
carboni 9 adtd and free hydrogen,, the latter in 
its turn combining with the oxygen *lo (prm 
water thii' cycle of oiieratioivs bejpg repre¬ 
sented by tho equations H^O + CO = Hj + COj; 
II.^ + 0 - H,;0; conseqi^cntly a compaAtively 
small number of water molecules are necessary 
to ejfeeli complete combustion. (See also 0. J, 
49, 94.) Phosiffiorustand carbon have been 
show^^ by Baker {(^J. 47, 349) to combine with 
oxygen less energetically in the absence of mois¬ 
ture than when moisture is present; and Barn- 
say and iPbung (C. J. 45, 93) observed that if a 
mixture of dry ^ anS N is passed through a 
tube containing iron filings at a red*heat no 
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vith the moist g|i3es, how^ 
•Ter» a'^U6^» ^ is obtained. 

At|X>TBOPIC ^HANOE. 

Several of the elemenfary bodioEtaro known 
to exist in tw$i or more different modilicatlons, 
Buoh for instance as sulphur, sclonion, carbon, 
phosphorus, and oxjgenc the several forms of 
each olenaant exl^bif%aore^r less strongly 
marked difference inchemical as well as physical 
properties. It is probable that such different 
modifications of one elementary body consist, as 
in the ease of oxygen ao4 ozone, of different 
atomic ^oupi^s or aggregates^pf atoms. Tlio 
means b^whifii the change from one modifica¬ 
tion of an element to anotlier is brought about 
are various. ^Oxygen is converted into ozone by 
the electric sj^rk or ‘ silent discharge,’ and ozone 
is changed again into oxygen by heat; yellow 
phosphorus is converted into tlie red modification 
either by light or by Imat, and tliewed inodilica- 
tion is again reconvened into yellow pbosphorus 
at a higher temperature; sulphur and selcnion 
undergo il^veral chants under the inllueiicc of 
heat; in tjho case of ckrbon, the conditions ne¬ 
cessary to oring abc«t metamorphoses are not 
fully knowh. 

The study of certain isomeric compound 
bodies (v. IsoMKRJkM) has shown that tlio 
transformation ef one isomeride into another is, 
in some cases, somewhat analogous to the^ 
phenomena of dissociation. If solid para- 
cyanogen ^CN)n is lieated in a closeil vessel to 
it is entirely converted into cyanogen gas 
{CN)^; tile pressure hicreasos until the gas con¬ 
denses and is liquefied 3n t)ie cooler parts of tiie 
apparatus. At temperatures below 500'^ little 
or mo decomposition occurs. As the para- 
cyanOgen is heated above ^his temperature a 
slow transformation taJles place into gasecais 
cyanogen, and the transformation coiitinues 
until the pressure of the cyanogen gas attains a 
certain definite limit beyond wliich^if does not 
rise, and there is no further evolutrn'f^ gas. 
Exhausting the apparatus and maintaining the 
temperature, the pressure again rises to its 
previous limit •nd remains stationary however 
long the heating is continued. For every such 
temperature there is a maximum pressure 
reached Tnhich limits the further dccompositit^i 
of the paracyanogeif into gaseous cyanogen. If 
now when th» pressure has attained its limit, 
at a given temperature, a quantity of cyanogen 
gas is forced into the apparatift, the picssure 
slowly falls to ttie initial limit with the trans¬ 
formation of gaseous cyanogen into solid para- 
oyanogen* Troost a. Hautcfeuille (C. i2.66,7.15, 
795) have found the following valuls f^r these 
preaaurra of transformation at different tem¬ 
peratures • * t 


*mp. 

Figure of transformation. 

602" 

61" 
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>» 
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601 
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The transforntatlon of solid paraoyanogen 
^ into gaseous cyanogen is seen to be analogous 
to the volatilisation of a liquid in presence of 
its own vapour; but the fonnatioii of red phos¬ 
phorus from the yellow ma^rial or vice-versd is 
a more complex process. a quantity of yellow 
phosphorus is boated in A closed vessel (say to 
500^),^ the mass of phosphorus being moro 
than sufficient to volatilise in the spacej^ nmxi- 
lilum pressure is quicklx attained. After* time 
tlic pvcssu‘#o gradual !y falls, more or 1cs*quickly 
iicecifding to the temperature, till it roaches a 
mininuini at wliich it remains cowtant. Pro¬ 
vided tliere is mo cluinge pf temperature, the 
vapour of the pnoj^phonisjs gradually converted “ 
into the r«l modification which condenses on tho 
Rides of the apjjaratus. tf the (piantity of phos¬ 
phorus iiitr^iiieed into (he apparatus is just 
sufficient to volatilise and (ill the vessel with 
vapour at 4liO first pressure (llie healing being 
continued), red pliosphorus Ix gins to form after 
a time, and^ho pressure ftonlinnes to fall until 
tlio minimum limit is reached as before. If, 
however, only sulTicimit ordinary phosphorus 
is used to fill the apparatus with vapour at tlio 
lower ^imit of pressure, no red phos 2 )liorus is 
formed, however long tho heating may be 
tinued.. ’L’liese two lu'essui es tin-maximuni'W^ 
first altainod, and the final minimum limiting 
4,ho transformation of yellow into reil phos- 
jiliorus—depend solely iqum tho temperature. 
Troost and llautefeiiille {A. Cli. [5j2,15i() found 
the followitig numhors relating to these pheno- 


• 

IVfS'UrftOf vajiourni 

Miuiinnni pressure 

Tcmi*. 

F litnitiiiir the f.i:ins- 

p v:i|ioin* llvst 

|lormatiuu 

l>n»<liu‘e*i 

ono’ 

•12 atms. 

3-2 atms. 

140 

1-75 „ 

7-5 „ 

4b7 

frtO ,, 


4f)4 

18 

rm 

4 • 

21-9 „ 

540 

10'8 

1 - 

511 

- % 

20'2 

631 

16 

- •.* 

550 

31 



56 

— 


The rates at which the transformation takes 
}ihiec as well as other jihenomcna exhibited 
du inr'^he change liavc been studied b^Lcmoine 
{A. Ch. [4] 2-1, ItM). He give.i the following 
numbers illuslraAvo of tho progress of tire 
cliange _ » _, 

Or<iii;ary |q, entities of ordinary >• remaining at 



Lemoine (C. 7?. 71^ 990) has given a mathe¬ 
matical theory bf the changes thaVed or yellow 
phosphoais undergoes when heated in a closed 
vessel, and has compared his forraifi© with the 
results of experhuent. Let p ®e the ^tal mass 
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ot material introduced into a space t, and let W^nvestifia^onB. To make this clear, take the 
be the maas of yellow phosphoiUa formed or nitrogen htroxide, whoso vapour density at low 


existing at time t; if t^e red phosphorus he 
supposed to remaint^in the same state of divi¬ 
sion throughout, itsVree surface will be sensibly 
proportional to its nmes r—y. ^The quantity of 
yellow phosphorus evolved, S;/,, in time St is 
equal tp a(v-y) St, and the quantity of tBe ordi¬ 
nary phosphorus, Sj/„ transformed into the rpd 

modlfioationinthcsametiineis 6(p-ty)^5<: the 
, ' "'v * . 

total efleotjis therefore the diflercnce between 
these two quantities or 

dy = Sff, - Sgj T 0{P - ly) - V-^) I 

which may be written ^ =f{g — y) {h-y), re- 

* \ nt f. 

presenting the rate of change in terms of the 
ordinary phosphorus existing. • 

For further account of Allotropic Cliangcs 

V. .\LIjOIllOPi'. ' ' 

I.S'fLOENOE OF PbESUOKB ON GASEOCS CuANOES. 

Many bodies when subjected to tho influence 
of heat in tho gaseous state, undergo tiarked 
. qhanges either in their physical or cluanical 
properties, or in both ; such changes result more 
particularly in a diminution of molecular den,- 
sity or a disruption of molecular structure. 


temperatlres has b^n found to approxi¬ 
mately rc|*B8enle^ ly the formula*N jO„ white 
at High temperatures it corresponds to NO, (the 
vapour densities being 8'18 and 1-59 respec¬ 
tively). Now Troost (C. B. 86, 1394) found the 
vapour density of nittb^n tetroxide at 27° and 
at low pressures Ao be as^oliows: • 


Pressure. 

35 mm. 
16 „ 


Densitj^. • 
1-6 

1-59 (NO, 


.1-59). 


These Ksults sl)pw that the samj 


\Q cha^gf 
as o(vur£ 


;6 takes 


the intluonce of heat at ordinary^ atmospherio 
pressures; that is to say, these numbers indicate 
tha^, if the observed changes in d<m 8 ity are due 
to dissociation of the molecules into the 
molecules NO,, then under a pressure p tho ratio 
of the numbov of moleculgp of NjO^ to NO, is dif¬ 
ferent from the ratio whei*the pressure is altered 
to temperature theing the same in each case. 
The proof of this assertion«>is of coj^iderable 
importance in the thdbry of dipociation; 
v’hcthor the change in denc-ity is or is not to be * 
attributed to tho supposed fact, th&t tho gas 
N 2 O 4 forms an exception to the dilatation-law, 
would seem to bo capable K indisputable proof 
by introducing tho clement of time into the ex- 
Among such bodies may be cited, mercurous ,perimonts. If the gas N .,04 is really dissociated 


chloride, cliloral hydrate, phosphoric chloride, 
hydriodic acid, nitric peroxide, hydric seleuide, 
amylic bromide, and agctic acid. In the casivof 
some of these bodies tho changes in (jue.stibn 
have been proved to be the accompaniment of 
disruption or dissociation of*- their molecules 
(y. Dissocution) ; in other cases, such as nitric 
peroxide and acetic acid, there is no com})lete 
proof that the changes in density which tlu.'se 
bodies suiter when heated in the gaseous slate 
are really occasioned % a*dissociation of tlieir 
molecules, or are duo to tffe fa<5t of their vapours 
not obeying th.e dilatalioii-Uiw Sven when sulli- 
cieiftly far removed fi^m the liquid state as to 
place ^icm under the category of gases. Con¬ 
sidered from these two points of view, it is evident 
that the dilatation of a gas under the ii^luonce 
of heat may bo of a twofold character, .uising 
from two distinctly separate causes; lirstly, tho 
expansion may be purely jihysical, varying or not 
according to the dilatation-law, and st»condly, 
there may bo expansion as the accompaniment 
of a chemical change, viz.,* separation of tho 
gaseous^ molecules into simpler grou]^ of atoms, 
^n observed variation of deni.Ky at dilTercnt 
temperatures may bo produced by either of these 
two causes, or by both combined, and it becomes 
Aicrefore a matter of great importance to bo 
able if possible to discrimifiatS',these two actions, 
and to say to which of them the observed results 
aro to be ascribed. If it could be shown tnat a 
diminution of pressure produced the same varia¬ 
tion in the densities of certait( gas/^s as has 
been observed*’under* the influence of heat, *a 
great point would be gaintid iu favour 0 ! the dis- 
sociation-th^ry in setl^ing the cases under 
dispute. It^would seem possibje that a dis¬ 
crimination between tho two possible phenomena 
accounting for abnormal densities might be made 
by intr^ucing the element of time into such 


into NO, under diminished pressure, 2 vols. 
N .,04 would give 4 vols. NO, ; nc^v, by the 
kinetic theory of gases it is co^pceivable that 
this dissociation would takj^ place practically in¬ 
stantaneously when thfe temperature was in? 
creased or the pressure was diminished, whereas 
on reversing the process the molecules of 4 NO, 
would require soir|p time before meeting with 
the requisite number of partners to re-form tho 
molecules of N., 04 . Such an experiment might 
form a crucial test of the truth of tho dissocia- 
tion-hypotlyisis for this particular#gas, and it 
migli^ also bo applied to other cases, for it is 
scarcely conceivable that the coefficient of dila¬ 
tation of a gas should alter in time. Natanson 
(IV''. 24, 454) lias determined tio ratio between 
the specilic heats of nitrogen tetroxide by 
means of Kuiidt’s dust-figure method; his results 
fibem to show that as tho pressure dccu'cascs this 
gas passes from a more to ti less complex mole¬ 
cular structure. o 

In tlie determination of the vapour densities 
of .sevi'ral bodres whose abnormal dilatations are 
almost undoubtedly to be ascribed to the disrup¬ 
tion or dissociation of their molecular struc¬ 
tures, the inilucnce of time on the phenomenon 
has beqn sd'veral times observed, and has boon 
made the subject of investigation by l^auisann 
for th^ pai'ticular case of ainmcwiium^carbamate 
{v. next page). 

Wurt/i (C. B. 60, 7^), yrhen determifting the 
vapour density of amylio bromide (b.p. 113®) 
between 153® and 360®, noticed that when the 
vapour was suddenly heated to 225® the density 
was ^*69, whereasShi another experiment when 
the vapour had been maintained at this tem« 
pev'ture, for ten minutes the density was 3'6S* 
These results show undoubtedly that the diminu¬ 
tion in* density, Q.'r thb dissociation produced by 
beating, required time to be effected, andflenoe wae 
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4%e to • chemical change and not to ivariatioceiin bringing about disBOoiation, or disruption, o{ 
in the CTOfficieut of .dilatation of the gfc. the moleculea of the gas. By introducing the 

Baumara 160,1) studied the iifluence of element of time into the experiments, and by • 
time on tfie dissociationtfan^ ro-£u'j»nation of suddenly varying the pressure, dissociation 
ammonium carbamate; the follo\wng tables might be shown to occur in the case of nitria 
illnetra,te the general bearing of his experi- tetroxido as already remarWid, the prooessiu this 
ments:— i case being doubtless rev'Jrsible; whereas with 


Speed 1 ^ dissociatioj)) of NHjjXO., at 40°. 


Presssre under 



the dissociation- 

Increase of 

T'ltno of 

pressure, which 

pressure 

increase 

s35i mm. 



129tmiiA 

_ ^ 

_• 

37* 

87 mm. 

5 min. 

17 • 

20 

6 

10 

7 

6 . 

6 • 

4 

6 

4 

2 

5 

3 

1 

. 5 

25 

• -5 

’ 5 

2 

* -5 

5 

1-6 

•4 • 

5 * 

» 

’ • 1-5 

17 


31 ^ 

Spe^d of formation a combination of 
2NH3 + CO2)al20^ 


Excess of pres8ur«i 
over dituiocl'itiug- 
• pressure 
(cse2‘4 mm.) at 20^ 

Decrease of 
pressure 

Time of 
doerfase , 

185 

mm. 

- 


_ 

140 


45 mm. 

2*5 mins. 

90 


- so 


5 

63 


27 


6 „ 

V 45 


18 


5 „ 

30 


15 


6 „ 

21 

• 

9 


5 

15 


6 


» 

10 


6 


5 » 

6 

4 

O'* 

4 

2 

», 

4, 

0 - ** 

•’ . »» 

1 


3 

»* 

10 " „ 

0 


1 

»» 

5 „ 

0 

*> 

0 

»» 

6 „ 


In tlieso two examples itis seem t}mt,{?tartin;' 
witha n^ss of solid ammonium carbamate (N' .u- 
mannshowed by h» experiments that at all tem¬ 
peratures thecas evolvedconsistH of2NH., + CO.J 
and suddenly increasing the tompt'rature, a con¬ 
siderable time is required beiftre tlio normal 
pressure of dissociation corresponding to that 
temperature is reached. In like maiinor, liy sinl* 
denly diminishing the temperature, tlie rccombi- 
nation of the ammonia with the cmrboii dioxide 
to font the solid (NH 3 ) 3 C 08 does not tdke place 
instantaneous^, out a considerabloilimo elapses 
before fhe pressure corresponding to the 
loweiftemperature is arrived at. Although ana¬ 
logous in some respect?to the volalirksation and 
condensation of a liquid, the phenomoj^a exhi¬ 
bited by (NH,) 3 C 08 whe^heated are characterised 
by their gi’cater slowness. ^ 

In experiments relating to vapours or vary¬ 
ing densities—such as those of Troost on acetic 
acid and nitric tetroxide at low presfurcs—it is 
important to determine twhe^er dinrinution of 
pmssaliB acta in a manner similar to that of heat 


say, oaonc, or a mixture of ozone and oxygen* 
the aiuQUut of change produced by iiiSrcasing 
tiie volume, say, twenty-fold, could bo determined 
J)y tho iisidxl methods of analysis {cf. jlso Dis- 
BocuTiON, and EQcintimiDMi ciikmical). 

Cin':MIC,VL STJTliMS. 

Considcrin^tho throe physical states in which* 
bodies arcJcapai)le of undorgoftig chemical change, 
citijer as gases, liquids, or solids, it is evident thai 
there arc tw^distinct kinds o’;;oli>sses of chemical 
systems possible, according to the states in which 
the active aubstanccs exist, and which may b® 
termed heterogeneous ami homogeneous systems. 
The forme# name is appWod to all reactions in 
wli tell the active mcMiihers of the .system arc in 
different physical states, a solid and a liquid, or 
a solid and a gas, or a liquid and a gas; as 
examples of each of those may ho mentioned tlie 
action of acMs on molals or on carbonates, tlie 
dissociation of calcic carbonate or ammonic Cats' 
bamate by hosit, and the oxidising action of free 
►oxygon on soliUions of stannous or ferrous salts. 
By iiomogeiu’oua sy.stoms arc to be understood 
lliose in which all tlio active members exist in 
tho same physical stale, either as liquids ot 
gasrs; itis inconcoivalile that two solieV bodies, 
Iwwftvor liuely jiowdorod and well mixed, could 
come under this eategmy. Examples of homo¬ 
geneous system^s arc; shown in tho numerous 
othcriliciition prooosses, tho oxidising action of 
potassic chlorate oil ferrous salts, t'lO action of 
oxalic acid mi pot.issio pirmanganato, among 
lijuids, .iml for gaseous systems, the action of 
iodine c.r selcnion an hydrogen, and tho influ- 
; lice of light ou amixtuif of chlorine and hy- 
di ngs n or on j^iseous hydriodic a^jid. Many valu¬ 
able facta have been brought out hy the study 
of hcir?rogencousclicitiIcal systems, especially as 
regards dissociatioii.])lu nomena; hut the great 
ficld^n which the moat fundamental facts con- 
’ cerning chemical m tion will ho gatiiered is 
naturally thateii.hiaciiig homogeneous systems, 
j for here tho most intimate contact exists among 
1' e acting suhritanci s, affording free play to tho 
vari /lis chemical Jo'ci's at work, and4110 secon¬ 
dary pliysical eluinges which interfere with tho 
jirimary chemical chungo arc reduced to a mini¬ 
mum. ^ ^ 

Heterogeneous Systems. *-fil.adstono and 
Tribe (Pr. Ih, 408) liavc investigated the rale at 
which a n. ive ]>ositivo metal immersed ii'j a 
solution oi i'. salOof^a less positive one displaces 
the latter, and the relation which exists between 
the rate of actiem and the mass of salt in the 
solution. 3‘hnploying a solution of argentio 
nitrate, tho'^l:sp!a^:ing metal being copper, itnd 
>aUowing thcvaction to c*'ptinuQ,for ten minutes 
under varying conditions of concentration, they 
found that by doublutg the amount of silver salt 
in solution thd amount of action >Jial took place 
during this ftiterval of time was trebled. Zino 
and cupric chloride, zinc and cuptio sulphate, 
zinc and lead nitrate, iron an<a> cupiio sulphate, 
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and other combiimtions, showed in every case, 
when the solutions were suHlciently .diluted, that 
this 2-3 law holds good. Expressed algebraio* 
allyi if y he the mass of metal dissolved, and x 
the concentration of uxc solution, then the above 
lok 

2-8 law is y^ax'*^ whcro (tis a constant. 

These elperiments have been repeated and ex- 
tendedeby Langley 45, 063), who com* 

firms thi truth of Gladstone’s law; 4 but when 
the method of expernnenting is modified, at by* 
continually woving the metal about in tlic so* 
lution or by brushiiy? its surface so as to keep 
‘the solution uniform, throughout, Langley con¬ 
siders that the ra 6 ) of action is proportional 
solely to the amount of salt in solution. More¬ 
over, Langley’s, cxneriiuents indicate that the 
law observed by Gladstone and Iribe arises 
from two causes, viz., chemical iv^tion, and 
gravitativo action, the latter producing slow 
currents through the'solution bocilase of the 
changing densilics of tlie original salts and of 
those which are produced in change. 

In studying the rate of evolution of carbon 
dioxide from marble by the action of^cids, 
Bojuski and Kajandcr {B. 10, 31) found that 
rate of action is pr()i)ortlonal to the concen¬ 
tration of the acid, but varies according to 
the nature of the acid employed; iiioreovor, tlieyi 
concluded that, for the three acids 1101, TTBr, 
and TINO 3 , the speed of the action is inversely 
proportional to the molecular weights of the 
acids ';vheii the sclutions are of equal degr(‘ 0 s 
of concentration. TawKjwski {JJ. 13, 331) lujs 
continued those cxperiinenls, employing dllTor- 
ent carbonates (JlaCOy, CaOO;„ BrOOy) with the 
same acid; although his results are not very 
regular, yet he considers them suUlcient to show 
that tlie speed of the reaction is invt^rsely pro¬ 
portional, not to the molecular weights of the 
carbonates, but to the •atomic we-igbts of the 
metals whose carbonates w^u-e eiiipioyed. 

Of a Hoinowhat similar nature to the experi¬ 
ments of Glatfstonc and Tribe is the work of 
Thorpe (C. J. 41, 287) fn the behaviour of zinc, 
magne^nn, and iron, as reducing agents, with 
acidulated solutions of ferric sulphate. li;iown 
weights of these tbree metals in the fm'm of 
thin foil were introduced into aenlified solutions 
of ferric sulphate, and the amount of reduction 
effected —part of the liberated hydrogen coming 
off as gaS—under varying conditions of fbinpe- 
rature, amount of free acid,fc and strength of 
the ferric solution, was determined. The re- 
mUI'Us obtSined showed that the (^du^on effec¬ 
ted when a givnit* mass of zinc dissolves in an 
acidified solution of ferric sulphate increases 
with increase of temperature, otiior conditions 
being the same. rrovided*a aulliciency of acid 
to dissolve the zinc be present, the maximum 
reducing action is obtained by concentrating 
^0 ferric sulphate solution, and diminislyng the 
^ount of free acid. • 

Wlicn magn^^siura js employed the feductioi^ 
effected is scarcely one-foyrth of that for zinc, 
while the time required f(i|: solution is compara¬ 
tively very s|fort; by diminishing the quantity 
ol free noid tiio amount of reduction effected is 
increased* •The diminution in the rate of solu¬ 
tion with ft deerfaso in the quantity of free acid 


^*8 found Ijio be much greater in the case' qf 
^ignesiuir than in that of sino; with zinn 
the rates i'‘were approximately in theo ratios 
1:1'5:2, and, under lil^ conditions w^h magne- 
siumfc the r^es were aa^l: 6:36. When the ferric 
sulphate is reduced by iron, the rate of solution 
bc.comes extremely slow, and the reducing action 
to decrease wijh increase of tempera¬ 
ture. These rcduction-^^eriments, considered 
as a whole, seeiiP.o be in harmony with the 
the view that the reducin^^ action of soncalled 
nascent hydrogen is connected with the existence 
of atoms, as distinguished from molecules of 
this gas: and that ahy conditions which tend 
to prevent the ^nutual combinalfon 06 these 
atoms tend also to increase the a&ount of 
reduction effected by the hydrogen. • 

V.^hcn phosphorus oxychloride acts upon 
certain nitrates, it has been fodhd that the 
ratio between the chlorine and phosphorio 
peutoxide in ^ the residue obtained after all 
action has ceased has a certain definite value. 
Mills [4] 40, 134, and 44, 606), who has 

litudicd this reaction for several nitrates, has 
designated these ratios Ijy the symlK)! a, or 
weight of dhlorin© 

* Cl* 

rather he has taken a as= — i-^r- i-Tr-;v- 
weiglit of P.O* 

= - - 4'OC. When one nitrate fixes 

more chlorine, per unit of PoO.,, than another 
nitrate, Mill says that the aHinity of file former 
is greater than that of the latter'tutratc; inas¬ 
much as tliis chlorineifiidug action can bo 
meaKured for several nitrates, the values of o, 
on Mill’s view,represent the ‘elective attractions* 
of the nitrates. / 

If a be divided l%- llv^ formula-weights, 2, of 
the several nitrates, calculated to a uniform 
mass of KOa, the following numbers (under 0 ) 
arc obtained:— 


0 

a 

- 

2 

0 

Thallonu nitrate 


8-78 

2(i5-30 

" 30-29 

Silver „ 


5-48 

»o9'94 

31-01 

Lead „ 


6-17 

165-,5G 

32-02 

Bubidium „ 


2':)8 

147-40 

61-9.3 

tJtosium „ 

• 

2-21 

19r.-01« 

88-24 

Potassium „ 

• 

1-99* 

101-14 

50-82 

Sodium „ 

• 

1-70 

86-05 

50-03 

Lithium 

• 

1-60 

69-00 

42-86 


These numbers show that the affinity-co¬ 
efficients are directly proportional to the fonnula- 
weights of ^the nitrates, and that (with one 
cxeeptioii) a and 2 increase and dimmish in 
regular ord^r. The quotients, q, thereiorfti re- 
presentithe masses of nitrates wliioh (yirrespond 
with what Mill calls a ^unit of elective ^ttrao- 
tion.* ^ *• • 

• Ck emical Systems of limited action^ 
When a chemiq^l inaction is expressed sym¬ 
bolically either as A + on =• ao -f no or a' b' =*> o', 
it is usually understood that for the complete 
deedmposKtion of the mass ab all that is neces¬ 
sary ia.te brtng it intq suitable contact with the 
dehnite mass of we second body cn, or ^at the 
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presented to b. under prbpe^ oondi- 
ions^?^ ux^tft with it to form o^. iV many 
{iM^bal^anges thiMs true, at least ww^in the 
oi Bxserimental error, and if diHcicnt 
d& bO-givra; and it may^be ^aid tljft many 
sroeesses of quantitative ohemical ana^aes afe 
Dased on t|iia assumption. Ther^are, however, 
nany instances known in which the statement 
loes not hold good. For^xtftnple,if mol. weights 
>i ethylie alcohol aftd acetic«i4cid are mixed 
snd hea^pd for sometime, say at 100'^, only 
ibout 66 p.c. of the total action possible takes 
place, no matter how long tlie operation is 
allowed to continue; or agaif^ if mol. weights of 
iodine an4 hydrqgen are heated^at 440*^ on a 
^osed vessA, even after an indefinitely long 
period of time ^here. will still exist a certain 
fraction of these elements uncombined. Th| 
Limitation of t^se and many other similar 
fthanges appears to be due to the fact that the 
(woducts of the first action tend, under the con- 
litions of the expbrimen^ to re-form Hie original 
mbstances, and the twcAreaetions proceed siinul- 
Laneously with different degrees of intensity, 
iepending qpon tlietnaa^es of material, until a 
stage is reached at wliiim a state of equilibrium 
% attained, first action at this stage being 
balanced by the second. The mutual action of 
ailcohol and acetic acid would thus be repre¬ 
sented by the equatioi#, 

(1) CH,CO,H + eSH^OH = Cll,CO.fi.Jl, f H,0, 
(2> CH,CO,C,n/+ H,0 - CIl3CO,H f C,II,Oti. 

The theory of such limited actions was for¬ 
mulated bye^uldiierg and Waage, in 1807 
(/^Jiiides sur les A^niUa chimiqttes) and applied 
by them to the (^Hermk|I^ion of the ‘ coellicieiits 
)f affinity* for several re-diviis. These 
shemists concluded from the rcs^iits of their 
experiments that in a system undergoing change 
ihe amount o4action in a unil^f time belween 
:wo or more active bodies-*-in other wor' ^,the 
fate of the change—is proportional to the 
product of the active masses. This same as- 
mmption wo# made by Berthelot in 1^12, based 
m the results of his etherification experinua^s; 
md in 18Q6 Harcourt and Esaoii allowed Inat 
ICHT certain chemical systems the rate of change 
.8 proportional the product of the active 
aiasscB of the changing bodies. In the above 
jtatementa the ^active masses* of the various 
bodies mean the number of equivalents of each 
present in the reacting system. There are in¬ 
stances, howevel^ in which bodies introduced 
into a ohemical system either (mcClerate or 
'etard the reaction without themselves under- 
5 oing change (v. post, p..714). Guldbcrg and , 
Waage assume that, in the reaction a + u ^ a' 4 n', 

{ the masses of a and b be p and q, then the 
;oroe tending to produce the change vai^s qs the 
oroduoipg, whatever may be the kinds of mat- 
)er; for two naitimilar substances thisf forte is 
iquid to^i^, where k is the ‘coefficient of 
kfflnity * aepending upivi 4he kinds of matter, 
md probably upon the conditions of the experi- 
nent (v. a/nte and also AFyiNirv, pp. 70*75). 
I’hia, however, is not the onl^ force acting; thefe 
uro others of a secondary chaf^ter tendingsto 
'etard or accelerate the formation of a' and b*. 
Lifegleoting these secondary forces for the pr%> 
lent, let &e masses of a* and b* be and q', 
uid the epeffleient of affimty Ibr tne tbverse* 

VoL. V 


action a' + b' • i -»■ b be < then ihs for ep tending 
A re-form a and B equals tt'pYi' X^en equili- 
I rium is attained these two forces are ^ual, or 
I so that if the four quantities 

% determined experimcntallyrthe ratio 

. of the coefficients of affinity may be found* 

• • 

\ 1 xpressc^ in another way, iff p,q,!**,q', be the' 
I 1 nnber o^equlvulents of the four substanc^ in 
theOiystem at the beginning of the rcaction^and 
if X bo the nymber oi t'qaiviUeiits of p Bud q 
trdlisfori^cd into r'and q' when equilibrium is 
reached, or no further cli.uige tallies pliwo in the 
system, all expressed in terms of unit volume, 
then p«p-a-, + A and 

q'=Q'-i a;; ii^erting these vtlhAa, the equation 
becomes k(i*- a;)(g-:r) = .'i')(g' + a:). 

Such is the simplest represiyitation of the 
theory of limited actions. The'jneseuce, liow- 
ever, otextraneous suits, or even the secondary 
actions among the four bodies themselves, 

I doubtless matt^nliy inllucncy the ultimate limit 
wlion a state of equilibrium is reached. For 
j ii^tancc, if a body x be introduced into the sys- 
I tein, Guldbcrg and Watige assume that the force 
j pro«iuce(^by the action between x and a, and 
■ inlluericing the change between Aand]i,iB propor- 
tioual to the product of x and a, or is equal to*' 
rtAX, and they term a the ‘coefficient of action,’ 
Assuming that there are coidUcients of action be- 
twetiu all thefourbodies- tliesecoefficients being 
bt c, and d, for a and a', a and n, n and a', and 
B and b', respectively, and a\ h\ c\ d\ for a' and 
A, n and a, a' and n, ami d' and b, respectivj^— 
then^tho total force for Uie n action between 
A and B will be equal to 

K 2 >q -i- apy/ + \ cqp' 4 dqq', 

and that between •a' and b' will bo equal to- 
Tf'p'q' -f- a'p'n + b'pq' + c'p'q + d'q'q. 

But that thr»‘. may be oquilibrimn these forces 
must le equal. V'ritinga —a' a, 6 - 5'=»/3, Ac., 
the equation of equilibyun^uecoincs 

Kpq^ Kyq'-^^'p’-\-^pq' \ np' + hqq . 

If it is desired to, study the rate at which the 
reaction progresses, then tliis raters assume^ 
to be measured by the dil^rence between tbo 
tw'o forces or o 

“^ 2 ~ -’’I'p'-W-yp'<!- 

^Owing to their com])licat(;d character, these 
equations Tor the limit or tin: rate of a chemical 
change ar^ of little value from an experimental 
point of flew; it womd seem scarcely possible 
to determine the mfmorous secoudavy forces 
Guldbcrg ami Waage j.:tro(1uce into their for* 
mulie. In ^h m. case as the action between 
barium sulphate and potassium ^carbonate the 
secondary actions lo be taken into account are 
between BaSO^ ;-.nd BaCO^, BaS 04 and KjSO., 
KXO, and BaCOa^^-^^Oj and Ka804, and be¬ 
tween the water ana each of the four salts. Foi 
a full discussion of this theory in its simplei 
form appftcd to^ experimental results see Guld¬ 
bcrg and JVaagp, J, pr. [2] 19, 69 (v. alsc 
AfAnity, p. 75). * • • 

Berthelot and SaintAGilles [A. Ch, [3] 65 
335; 66,1; 68, 22^ weij the first ^ make s 
complete study ^ tne reactions betwibn carbos 
acids and alcohols, as regards the hpfluencs 
exerted by variations of temperature, pressure 

• 8« 
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amounts of material, and time. They found 
that these reactions are characterised by tbcM 
important features: (IJthecombfttation prooee# 
slowly, with a velocity depending upon thn 
influences to which the system is snbmittedls 
(2) the combination is never complete, howev# 
long the duration of contact; (3) the proportioi' 
.of ethereal salt formed under dilTorentconditionf 
alw^s tends towards a limit. ' [’ 

'^.le inverse action limiting the folmatiop of 
fhe ^thereal salt, viti. its decomposition by the 
water formed during the reaction,'was found to 
be much Was rapid than the combination. In 
other words, if two systems are employed—one 
consisting of elhg:lic.alcohol a^d acetic acid, the 
other of cthyljjS.acetate and water-all in 
equivalent proportions, the first bt these will 
attain the limit of equilibrium mote quickly 
than the seesnAundet like conditions. Berlhelot 
(X. Ch, [3] 60,113) concluded that in the forma¬ 
tion of the ethereal salts ‘ ther quantities of 
acid and alcohol that combine at each instant 
are proportional to‘ the product Cl the reacting 
masses.’ He gave the formula for exprossirg 

the rate of formation as for 

dt \ a ^ ' 

equivalent quantities of alcohol and acid, where 
lUwfa' ts the limit, which for acetic acid is = 66*5. 

According to the theory of mass-action, the 
rates of formation of ethereal salts, as well as 
the magnitude of tho limits, ought to be •in¬ 
creased by an increase in cither the amount of 
alcohol or of acid. As regards the ultimate 
limits, this was found to bo true by Berthelot 
and Baint-Gilles, but for the speed of etherifica¬ 
tion they found that with n equivalents of alrohol 
and one of acid there was (at least for part of 
the course) little or noincteaso over that for 
equivalent quantities; in fact, a diminution in 
tJic rate was observed. On the other hand, with 
ft equivalents of acid and one of alcohol the 
rate of elhcrificatio^ was greatly accelerated. 
The following two tdbles illustrate these 
points {A. Ch, [3] 66, HO, 98t:— 
c* * 

l*eq. acetic acid + eq. alcohol. Temp. 100°. 



fl: 

= 1, 


= 2, 


s5, 


acltl 

= 100, 

aiil'l. 

= 100, 

ac‘1: 

= 100, 


1 limit=l00 

1 liiiiit=l00 

liiiTit 

,= 100 

4h. 

26-8 

38-8 

27-8 

33-8 

17-5 

l!)-3 

15 ,. 

47-4 

71-3 

44-0 

53-2 

31-3 

34-6 

33., 

60-6 

91>1 

72-2 

871 

72-2- 

79-4 


)q. olcohol + 

n eq. acid. T- mp. 100°. 


i *» = 

= 1, 

n = 

:2, 

n= 

-.5, 


acliU 

-100, 

acid: 

= 100, 

adilr 

= 100. 


limit 

= 100 

limit 

,= 100 

limit 

= 100 

4h. 

25-8 

38-8 

47-1 

54‘'9 

57-6 

69-4 

15 „ 

47-4 

71-3 

74'4 

86-7 

96'6 

100 

83 „ 

60-6 

91-1 

79-2 

92-5 „ 

90C 

100 


The variation produced in the limit, or 
maximum amount of .j'thereal salt formed, by 
employln^rexcess of one or other of the oon- 
etituents U illustrated by the fbllowing tables 
{A. Ch. fd] 68. 274. 280) 

1 


1 ed, aalB+tt eqs. alcohol, 
limit 
66'5 p.o. 
77-9 

82-8 . 
86 -& 

88-2 
9Qi2 

92- 0 

93- 2 , 

95 *? 

neutral to 
litmus. 


a oqa aon+1 eq. alopM 
n limit • 

1-0 66-5 PA 

• -67 41-9 

•60 • 41-4 

•36 80-6 

•S3 29-3 

•25 22-6 

•18 171 

•08 ^ 7-8 

" -05 * 6-0 


The action of iv irganio acids on alcohols has 
been jinvestigaied by Villiers (A Ch. 21, 72): 
but in these processes socondwy rostCfions that 
are liable to occur complicate matters somewhat. 
With a given alcohol, the speeds'of etherification 
t(f tho acids HI, HBr, HCl, and H^SO., were 
found to bo widely different. Hi etherifies more 
quickly than HBr, and each more quickly than 
acetic acid; whereas HCl acts with extreme 
slowness, even much itlore slowly than acetio 
acid. H.SO, etherifies almost immediately 
under ordinary' conditions but the speed is 
diminished by dilution, as well as oy lowering 
tho temperature. Tho otherifioatio'A limits ab 
100*’ are different for the three hyJraoids, and 
arc greater than tho corresponding limits at 
lower temperatures. Tl>o limits also depend 
upon tlie proportion of water which exists in 
tho initial mixture, but while the limit diminishes 
in tho case of organic acids in a continuous 
manner as the water increases, without actually 
becoming nil, the etherification by hydracids 
ceases completely with a certain cUlution, end 
this limit of dilution is -.dt fixed bat rises rapidly 
as the temperature rises. With HjSO„ the 
ctlicriflcation is completely stopped with^a cer¬ 
tain proportion of water, but, contrary to what 
occurs with the i',yd,ncids, increasing the tem¬ 
perature to 100° does not cause the reaction to 
take place. From a consideration of the work 
of Berthelot and Saint-Gilles on the rate and 
conditions limiting the etherification of alcohols 
by organic acids, it would seem natural to con¬ 
clude that tho application of the methods em¬ 
ployed by tliesc chemists to the various oases of 
isomerism among alcohols and’acids would yield 
important results relating to the structure of 
•sach bodies. For the purpose of disoovering 
whether any relation exists between the rate and 
limit of etherification and the iromerie structure 
of either of the two active bodies taking part in 
the reactionrMensohutkin (A. Ch. [6] 20, 289; 
23,14; J.pr. [2] 24, 49; 2.i, 193) has made an 
elaborate study of the action of organic acids 
on alcohols. In order to render all the results 
comparable with each other it was necessary to 
assutAe two standards for reference, one the 
alcohols and another for the, acids. Methylio 
alcoliol was chosen as the standard alcohol; 
and formic acid as the standard acid. ' The two 
charaptoristics ohosen lor measurement were 
(1) the initial speed of etherification, or the 
amount of action that takes place in the first 
ho\ir, and (2) thsifinal limit of the process; these 
Menschutkin terms the ‘ etherifioation-data.' 
For th^ ‘ methylic-aoetio ’ system Menschutkin 
took the limit as equal to 100; thabis to say, 
out of'equal nOmbdls of molecules of methylis 
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•laoBoI and aoetio acid (in thfa case ]ft4) only 
100 moleooles_ were converted into yethylio 
acetate ‘the system reached ^ sate of 
eqnilibriiinMii of these 10(1 molecules,JBO were 
formed daring the first how of action.f . 

^ The following table oontains the * Mherifica- 
4ion-data * for the primary alcohols employed;— 


Alcohol . . * 

• * 


Speed 

Limit 

Meth,«o, 


80 

100 

Ethylic, CH,aH.,OH . 

• 

67-3 

95-6 

Propylio, CAOH,On .. 

• 

60-9 

90 

Butylio, 0,H-,CH,0H . * 


67-4 

90-6 

Octylio(« H,.qja,OH . 


* 67-0 

« 


The infiuenqie of isomerism on etherification 
among the primary alcohols was investigated for 
the case of isob^tylic alcohol; the data obtained 
were 

Isobutylic.CaH^jCHjOH, sp^ed=i 64*61imit — 96*6. 
These numbers show tliftt the limit is^mafTcctcd, 
but that there is a small doci'caso in the speed. 
The unsaturated pymary alconols showed loss 
facility for forming ethars, the reaction in their 
aase progressing muchIpss rapidly, as the follow¬ 
ing numbers show;— 

speed limit 

AllyUc alcohol, C.,H,CH.,OH, fri-O 85-3 
Propargylic alcoholtiCoUCH.jOIT, 29*5 ? 

Benzylic alcohof, 0 ^ 115011 .^ 011 , 64 6 87*3 

*For the secondary alcohols, the phenols, and 
some other alcohols, the following etherification- 
data were omained:— 


• 

opeeil 

rJmit 

Dimethyl* oarWnol (01I,)«0ir0U . 

38-2 

8(1-9 

Mctiiycthyl 



32-5 

85-2 

Dietliyl 


(C,II,),01lOiI . 

24-3 

84*2 

Isoprupylmcthal 


(CJI.XCJI/^./qTOl! 

(c,h,)(C!u-»„)(:hoii 

27-2 

85-2 

leobutylethyl 


op.c. 

? 

Hexylmethyl 


(Cir,){C,ii„)ciion 

31-1 

? 

Ethylvinrl 
Dlellyl ' 


(C,H,)(C,H,>C1I01I. 
(0,H,),CIldJ:l , 

2‘i3 
1R*3 

75'X 

72 

Bthylphenyl • 


(C,H.)(C««,)CHorr. 

-27-2 

? 

Diphenyl 


(C.H.Lcnoii . 

31-6 

? 

Phenol 


o.ii,.uii . 

2-0 

.3-4 

^racresol* 


c.u.ciT,.on . 

3-7 

1.V7 

Thymol 


c.rr,cn,c,n,.on . 

1*4 

13-6 

a-Naplithol 

m 

0.JT,.01I . . 

? 

8*8 

Glycol 


CU,OH.CH.,OH. 

61*7 

77*4 

Glycerin 


(oii,on),ciioii . 

52'3 

6(i*2 

Krythrite 


c.iixoni* 

34 

67-0 

Uannite~ • 


c.Hxoni, 

—•- 

20-6 

38 • 


Menschutkin (71^.25,193) has also determined 
the initial speeds and limits for different organic 
acids, employing one alcohol (is^butylic), and 
taking formic acid as the standard of reference. 
The following results were obtained: 


Acid 


i ]%rniTo en.O, r 
Aoetio Callao, ^ . 
PropionJ C^U.c/a. 
But^o 0«8a0a • 

Caproic O.ifiaOa • 
Caprylio 0 ,K„ 0 , . 
Hydrosorblo OalI,aOa * 
Phenylaoetio OaU.Oa 


Orotonio OaHa.OOaH . 

Oinnt^O UaHs(CaHa)COaH 
TrlmethacStio O.U,^a • 
Dlmethetbaoetio OaU.Oa • 
Borbio OJ9bOa • • 


Sjicod 

a 

Limit 

100 ' 

100 

•71-9 

J04'8 

CO 7 

*l()C-9 


108*2 

63-(i 

108*7 

.50'(> 

110*3 

69-7‘ 

1 100*4 

78 1 

►116 

66*2 

ll«*l 

43-4 

108*2 

80-3 

rt48 

18*6 

112*3 

1H|7 

11(^3 

11 B 

llFl 

* 4-8 

116*4 

12-9 

116? 


Arid 

Speed 

Limit 

3cnzoic 0,H,0.. 

18-0 

112*8 

^itrobenzoio C,!I,(NO.)0, 

40*1 

114*3 

Pamtoluylio C.H.O.. 

io*r 

119-1 

Jumluio C,bH„0. 

10*1 

116*1 


From the foregoing numbers Jt is seen that 
ne ratjs of etherification of the secondary* 
i^Ids are^uch less than those of the primary 
acids, but that the limits show only slight TOria* 
tions. The speeds of cthfrilication of tl^ tor- 
tiltry acids arc less than thoso* of either the 
priniary^or secondary acids, Wlit on*the other 
hand the limits are greater. For a full discus¬ 
sion of the valdb of ctInfriOlation-data as a 
means of -determining isdlnerism among 
alcoliols and acids see Menschutkin (7. rir. 
[2] 26, 103; also %. 1\ C. 1, 0111. 

The theory^! limited clicmical feootions has 
been formulajed in a simple manner by Van ‘t 
Hoff (J5. 10, 660) for the particular case of 
etherification,-but esseiitii^lly in the samo 
manner as Guldbcrg and AVango have done in 
lileir genoral treatment of this chemical prt) 
blcni. If tlie systenf initially consists of one 
ecpiivalt^t of acetic acid, k of alcohol, and q of 
water, then when the quantity e of ether has 
been formed, there will still remain of acid 1 — ff 
of alcoliol N — f, and of water q + «; consequently 
the rate at which ether is still being formed is 
expressed by 0,(1 —«){«—«), and the rate of dc- 
eomposition of tno already formed ether by the 
water by (? + «)• When equilibrium is at¬ 
tained these two expressions must be eqiyjJ^or, 
C,(l,€) (/f-6) = C.j €(7 + «). Uor equivalent quanti¬ 
ties uf acetic acid and cthylic alcohol, or k-- 1 
and g«0, Bcrtholot and &t. Gilles found the 

limit to be about cS-6 p.c., or c =< ^ Inserting 

these valni' .s in the equation, the ratio of the two 
constant 0, anu is found; or 0, The 

equation now become3^(i^){K-€) = «(g' + «) from 
which the maxinvum quantity of ether capable 
of being formed when various amounts of alco¬ 
hol or water are employed can bo calculated. F®r 
instance, if (X>, i.e, if thuialcoliol is unlimited 
in amount, e = l, that is, all the acid is clmngod 
into cth^'cal salt; if g = oo, i.e. if the water is un¬ 
limited m amount, ^ 0, or no ether is formed. 
These results arc merely the extreme cases of 
what c.^perimonts have proved to be true between 
thosj limits of k and q which have been tried. 

Formation of Artlamlide .—In a stud^of the 
formation of acetanitide, according to the equa¬ 
tion C^HsNII^ -I- 0.,H,(1, = C„H,(C.,I1,())HN + H/). 
Menschutkife^(7. ‘Jfi, 208) found that, auhouglr 
in the procc,'??es of etherifieatioift the final limit 
of the reactn . attained after an indefinitely 
long interval of time is practically uninliuenced 
by change of in tiiits example tha 

limit is materially decreased as the tempera¬ 
ture increases. The following results show thii 
decreasaa— 


Tcm^. 

Limit. 

TOO'’ 

8&05 p.o 

125° 

8311 

133® 

82-39 

145® ■ 

81-2-1 

155®* 

79-4 


Anotlier remarkable fact was noticed in tliis 
, • 3«2 
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teaetioD, and one which is appatenUy at variance 
with moat experiments lelating^to the action It 
maea (see Berthelot'e etherification experiment \ 
ante). Inanyohemicalsystcmundergoingchang 
comprising two or more active bodies, the ta 3 
of change is generally accelerated (o. p. 74- I 
by an increase ip the amount ol any of tl: ■ 
active bodies, aim this increase in the rate i 
more or less proportional to the qnhntity i { 
actns substance added. But in the formation 
of aijetanilide, with i. constant amount of acetic 
acid, an increase in the quantity of aniline te- 
tards th® actieo, according to Mcnt'cliutkin, 
although the final limit is increased as the 
theory of masscction requitfs. The numbers 
under ‘ speed ’ slSfwing this fact represent the 
amount of action after 15 mins. '* 


Moleonles aniUn&witbj 
ono mol. ociiT 

Speed 

1 

Limit 

1 

31-71 

70-68 

2 

28-71 * 

91-65 

3 

23-15 

94-61 

4 

— 

96-17 ^ 

8 

17-13 

97-22 

-a 


However, when the aniline remains constant 
■'.and the acetic acid is increased, the law of mass- 
action appears in the normal way (v. also As- 
srorry, p. 85). 


Uoleealcs acid with 
one mol. anilino 

Speed 

Limit 

-.3, 1 

34-71 

79-68 

2 

67-30 

9(i'88 

4 

78-08 

99-80* 


Division of a base between two acids. 

When a mixture of two acids acts on a base, 
or two bases act on one acid, the two acids in the 
first case being more than sufiicient to combine 
with the base, or the two bases in the second 
case with the single acid, it "is usually granted 
that the bass divides itself hctifccnthe two acids 
or the acid between the two bases in definite 
ratios. Or if an acfj acts upon a salt in solu¬ 
tion, Es nitric acid on potassio sulphate, a defi¬ 
nite amount of change takes place re;^llting in 
this instance in the formation of potaasic nitrate 
and sulphuric acid. If the ratios in which such 
divisions occur were known they might afford 
measures of the relative allmities of the acting 
bodiesforthc particular conditions of tht'experi- 
ments. Such ratios havehieen determined tor 
a greal^many acids by Ostwald, with most im¬ 
portant results. (For an occoa't or this work 
It. AniNlTV.) 

Pattison Muir (C. J. 33,27; 35, 311; 36, 60) 
OB Studied the conditions affecting the equili- 
rium of certain chemicaKsyktems wherein pps. 
are formed, with the view of determining the 
relationship between the concentrations of the 
^lotions, the ratios between the^activfc bodies, 
a.d the infinence of heat on the qfiuilibrium 
ratios. An investigation someVhat similar \o 
this was conducted by Mvrris (A. 213, 233). 

Froftional Precipitation. 

It has^ Siren shown {ante; and «. ArriNm) 
that if a mixture of two acids is allowed to 


act npdt a single base, or of two oases oh • 
single asid, the ratio in which the base divides 
itself bityeen the two aoids, or the aoii between 
the twfXbases, depei^s upon the relative quanti¬ 
ties or tosses of thrmaterials in the system, as 
well as upon the strength of the affinities acting 
between the sgveral homes. In like manner, it 
a pptant. is added to a solution, containing two 
or more salts of diflejent mctijs^the mass of 
the pptant. beifig* less than is required for com¬ 
plete ppn. of all the saltrflnHhe solutifti (being, 

soy, 1th of the to^jl necessary) then the ratios 

of tin quantittss of the salts dfecomj^SSed—or of 
the hydrates, carbonates, <Sc. formed—depends 
on (i) the relative masses of the substances in 
solution, (ii) the relative affinities ol the salts 
or the basic powers of the oxidqs with reference 
to the pptant., and also (iii) on the fraction of the 
total material that is ppd. 

This highly interestiu^ subject ol fractional 
ppn. has been as yet investigated but to a very 
slight extent; it*would, however, seem to promise 
in the future a fertile fieJd ftir the determination 
of what might be called the relative basiq 
powers of different oxidlls or hydrgtes. If, lor 
example, a solution contains two salts of different 
metals, the basic powers of whose oxides are 
different, and if a small f. action ia.ppd. (say as 
hydrate), there tvill be a lenfiency on the part 
of the less basic material to accumulate in the 
pp. in preference to the more basic, and this 
tendency will be greater as the diffenmee between 
the basic powers is greater. It the basic powers 
differ but slightly, thei^ tl-i increase in the ratio 
of the less to the more basio material will 
progress very slowly by repeated application of 
the process of fractional ppn. If in the extreme 
case no such diflq^enco exists under the condi¬ 
tions of the experimSnt as regards temperature 
and quality ol the pptant. (the ratio of the basic 
powers may and probably does vary with tSe 
tcmperaluie), then the ratio ol the f.vo materials 
in ^le small pp. will bo the same as that in the 
original solution, and consequently, however 
frequently the process may be repeated on each 
fraction formed, no separation^/ill be effected. 

At the present time there are a number ol 
elements known belonging to the earths, lor 
‘the separation ol which toe only msthod that 
has yet been discovered is that ol fractional 
ppn., or fractional fusion; in ‘both cases the 
separation denends on too differences of the 
basio poweri' ol toe various bodies. Such, 
for instance, is toe separation of the three 
elements, samarium, didymium, and lanthanum, 
from each other; or holmium, thulium, and 
erbiunj; di again terbium from yttriun^. These 
separations are so extremely tedious, reqfiring 
too application ol fractional ppn. to^e repeated 
a very great number ol times with but nslatively 
infinitesimal yields oC finally pure material, 
that it-is evident that the differences in basic 
poweit' must be extremely small, more particu¬ 
larly in the cases olbsamqria-didymia, yttria- 
terhia, and holftfei-thalia. This process lot 
effecting the separation of these earths is 
rendered all the more uncertain and difficult 
owing to the want of ^acta drawn from the study 
ol fractional ppn. of other bodies beaming upon 
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tn# Wa\ ooqcuuoiui imder whioh thelprocess 
should be eondaoted (v. Eibtbb). t 

Ohiipd^i (4, Suppl 4, 226; /. 1rG 6. 12) 
has inTefiti^stcd the subj^t of fraotiowl ppn. 
for the case of magnesium And calcium blondes 
by phosphoric acid. This chemist AnploydS 
solutions coptaining the two s^ts in varied 
proportioQc; to these solutions ho added a 
constant ^uimtity of phoipnoric acidinsuilicient 
for ooznplet?ppn., then amnfthia was added, 
and he %etenninejl Ihe amounts of calcic and 
mognesio oxides in the pps. The composition 
of the pps. was found to j^ry with the ratio 
of the amounts of calcic ana magncsio chlorides 
in the sc^ionsjlbut to be neariy indepeiedont 
of the quantity of water used for dilution. I^y 
increasing the amount of calcic chloride in tlio 
solution, the magnesio chloride remaining coi^- 
stant, it was feund that the lime passed into 
the pp. in greater quantity, while the amount 
of magnesia decreased; with the calcium salt 
constant, the magnesic^hlorido beinf increased, 
the reverse occurred, but to a less marked 
degree. These variations took place in a 
regular manner as fheipomposition of the solju- 
^ions varieA. 

Mills, irk oonjunctit^ with others (P. M. [5] 
13, 169, 177; and Pr. 29, 181), has studied 
the fractional ppn., by means of sodium hydrate 
or carbonate, of sewral sulphates, taken in 
pairs under varytng conditions of mass, with 
the view of determining the relative facility 
with which one sulphate is decomposed in 
presence of ^inolhcr when an insulficioncy of a 
pptant. is addedeto the solution. 

In one set of in which nickel 

and manganese sulphates w le rmployed, the 
following numbers were obtained; each solu¬ 
tion contained I gram of material made up to 
too C.C., and 10 c.c. of a o/^lutiou of Na^CO, 
(•6716 gram Na-^COj) were added:— 


NISO, * 

MnSO, 

NISO, 

ppd. 

MnSO. 
ppd. , 

Temp. C.° 

•1 grm. 

•9 grm. 

•0053 

•5850 

12‘?l 

•2 

•8 

•1852 

•4010 

13'(! 

•3 

•7 • 

•27n» 

•3766 

12-5 

•4 

•6 

•3588 

•2'(76 

13 

•5 

•5 

•4305 

•2450 

13-6 

•6 

••4 

•4788 

•1530 

12-8 • 

•7 

■8 

•4991 

•1089 

17 

•8 

•2 • 

•5584 

•0722 

17 

•9 

•1 

•5841 

•03^3 

152 


From these numbers it is seen that the ratio 
of the quantities of material ppd. varies con* 
iinuousl^, and in the same manner the ratio 
of thi amounts of salts employed; witlf equal 
masses of |he t#o sulphates in solutton ti^c pp. 
contain# much more nickel than manganese; 
hence it is at once inferred that the basic power 
of manganous hydrate or oxide is greater than 
that of nickelf since the less basic a iimterial 
the greater its tendency ito be affected by *1110 
pptant. * •• • 

Extending these experiments performed in a 
aimilar manner to mixtures of nickel aad coj^lt 
snlphatel, but employing sodia hydrate instead 
of oarbqpate, it was found thtA* these ttvo salts 


have almost equ%l degrees of preoipltabiUty; that 
to say, if the ^wo salts exist in the solution in 
e ual amounts they will accumulate in the pp. 
i about equal quantities; or, with varying 
lantities of material, the ratio of the amounts 
( the two salts ppd. will be approximately 
( {ual to the ratia initially in the solution; in 
i her words, the basic poworl of the two salts. 
fl *6 abolib equal. (For the tli^bory of fractional 
pptn. see flood, P. M. lH8(>d 

ItcHiiction of Oxides. 

The Conditions that alTcct ^the reduction of 
metallic oxides by hydrogen, carbon monoxide, 
and carbon, have been exaiiiiu^ by Wright and 
Luff (C. /. ^3, 1, 509; 35, if7^; 37, 757), the 
type of the reactions being represented by the 
equation A-HJC»*An + c. Tho results have 
important praAical bearings oi metallurgical 
operations. Tlio temperature at which reduc¬ 
tion commoners is a function of (1) the physical 
conditions of the bodies experimented with, 
(2) and the clftmical natur^ of the substances. 
With CO as the reducing agent, the temperature 
at which action begins in the case of cupric 
oxide va^cs from 60° to 14G° according to the 
state of aggregation of tho copper oxide; for 
ferric oxide tho temperature ranges between 90^ 
and 220°. Tho reduction by CO of copper oxide, 
prepared by ppn., is well marked at temperatures 
bcH)W 100°, but at 100° it becomes very ener¬ 
getic. The initial action of U on copper oxide 
was found to take place at temperatures ranging 
between 85° end 172°, and on h vric oxide bo- 
tweqp 195° and 265°. When carbon 
plojed as the reducing agcitt, Die temperature of 
initial action varied not only with tho physical 
nature of tho metallic oxide, but also with the 
quality of the carbon; the teinporaturc limits for 
copper oxid>‘ wi lO 350° and 410°, and for ferric 
oxide 430° lo 450°. By coinjiiiring the tempera¬ 
tures of initial action for a given kind of me- 
taliic oxide, it was intarffibly found that that 
reducing agent bi^ins to act at the lowest tem¬ 
perature which htis the greatest heat of combus¬ 
tion, so that tho heat disturbance during tts 
action has {algobraically)^tho groatesl value. 
Tliua H always i)egins to act at a lower tempera¬ 
ture thfA carbon, and CO atalow'er temperature 
Ilian H, as tlic following table slmws for dilTcrent 
specimens of metallic oxides:— 



CO 

• 

II 

Sui?ur 
0 * 

C from 
CO 

Cupric A . 

60' 

85° 

390°, 

350° 

* . 

125 

175 

430 

350 

0 . 

iifi 

172* 

440 

430 

Cuprous oxide 

IJO 

155 

390 

345 

Ferric oxide a * 

202 

2130 

460 

430 

>. B .. 

*90 

195 

450 

— 

>. 0 . 

220 

245 

460 

430 




Comparinf cui)ric and ferric oxides prepa^pd 
by analdSous • processes, *and iliercfore pre¬ 
sumably in much th^ same physical state, it 
was uniformly found Diat tho temperature of 
initial action of ^giveirreducing a^nt is lower 
on oxide of copper than on oxide ofBron, as the 
following numbers show:— 
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CO 

4 

Sugar 

OfroB 

CO 

Oxides pre¬ 
pared by pre¬ 
cipitation . 
Oxides pre- 
■ pared by 
heating 
safcs . . 

-^ .- 

Copper 

Iron 

Copper 

Irih 1 

_t. 

60® 

90 

125 

202 

220 

86° 

195 

l76 

2«0 

245 

390° 

460 

430 

450 

4S0 

360' 

430 

390 
430 
439 * 


The exten^'on of j^hcse experiments to tlys oxides 
of nickel, cobalt, lead, manganese, ferrous and 
ferroso-ferrio oxMe^ resulted in the following 
conclusions, amo^others. Biffcrenccsin physical 
Btate^are atiendca ^ith correlative differences in 
the temperatures at which the actions of the re¬ 
ducing agent^ Qp, H, and C, are f^ st manifested. 
For the several oxides of the same metal the tem¬ 
perature of the initial action of a ^iven reducing 
agent is sensibly the same unless the differences 
in physical structuie are very iiCirked. In no 
case was any exception found to the rule thj^* 
the temperature of initial potion of CO is lower 
than that of H, and that of H lower than that 
of C, on the same sample of metallii oxide. 

^For a large number of cases the rule holds tliat 
The greater (algebraically) the heat production 
during the occurrence of a reaction the lower is 
the temperature at which this action is iifst 
manifested. ^ 

During the investigation of the rales of 
action of CO and 11, it was noticed that in many 
ini:4w,fe8 ' chemical induction * manifested 
itself; i.e. the reducing action of the gas on*,the 
metallic oxide at a given temperature was at 
first slight or nil {‘period of incubation’), but 
after a longer or shorter tfme the reduction 
commenced and proceeded at an increasing rale, 
until the retarding inllucnccs of the products of 
the action caused the rate of reduction to cease 
increasing, and subseliueatly t<^ diminish. The 
‘period of incubation,* when* measurable, was 
found to be sjiorter the higher ^be temperature. 

* A similar phenomenon has been observed by 
Bunsen knd Koscoe W. their investigation of the 
actiorf'of light on a mixture of chlorine and 
hydrogen (a. influence of light, ;joi/),^nd it is 
interesting to ;joto tliat in a heterogeneous 
system consisting of a solid oxide and a gas 
chemical induction should also manifest itself. 
The question naturally arises whether or not it 
is a general phenomenon accompanjtng all 
chemical changes. ^ 

Hoiqageneoustriilimited Systems.— Consider¬ 
ing the simplest chemical syst-^nf Undergoing 
change, that of of single body eitlier decomposing, 
like ammonium nitrate when licated, or suffering 
xn^olecular rearrangement, as ammonic cyanalc 
into urea, it is evident thaA ffhless the products 
interfere as retarding agents the amount of 
change in unit of time, that is to say the rate of 
change, will bo proportional at any tiniL to the 
affiount of active substance then cxist^g. When, 
however, a syiAem cdWprises twe^or more active 
members reacting on each other, such as an 
alcohol on an acid, or ^lydric peroxide on an 
acidulated ^lution of a soluble ^dide, the cir- 
cumstancqsl^ro much more complicated. The 
general experiments on the rate of chemical 


change, Ivhen not limitea oy inverso aeiign, 
prove tbilt in such complex systems the rate of 
change If any one of the members is increased 
or dimiife^ed by an Increase or decease in the 
^uantit}^! any. of ihe other consntuonts, and 
IS* more less proportional to such varia¬ 
tion. For example, if the system comprises 
A,A;^A„..,A. (different bodies reacting one with 
the other), the rate dt y^ich A« changes is in¬ 
creased or diminhlhedby a silnilar vacation in any 
other member, as Af. Th^tatemcnt obthis law 
of mass by Mills (P. M. [6] 1) in the words ‘ no 
matter what may be the masses of the substances 
reacting the entire mass of each takes part in 
the process,* requires to be limited by %e further 
statement that the law applies onl^ to homo¬ 
geneous systems in the sense inwjjiich these have 
byen before defined. It could not be asserted for 
instance that the entire mass o^tho marble in 
Bojuski and Kajander’s experiments affects the 
rate of action of the acid, or that a hollow sphere 
of zinc disstrlvcs less rap^ly in acid than a solid 
sphere of similar external dimensions. 

Bcrthclot in 4802 {A. Ch.) showed that the 
rate of reaction of alco^l Vrith acgtic acid is 
proportional to the product of the^two active 
substances. Ilarcourt ai*d Ksson iy 1806 (Pr.‘ 
1-1,470) established several formulie representing 
various experimental conditions based on the 
same liypothcsls, but the vg.^ction th^y employed 
for verification oJf the thcoi y (permanganate on 
oxalic acid) proved to be of so complex»a 
character as to give but imperfect results. These 
chemists, however, were more successful subse¬ 
quently (Pr. 15, 202) with the ^jcaclion 

The theory of Guldocrg and Waage relates 
more particularly to cases of limited action, but 
in its application to the study of the rate ol 
change the introdq^tion of so manjt * coefficients 
of action ’ (<). mite, p.*/37) renders the equatior 
of little practical use for such investigations 
(But V. article Affinity, p. 70). Except in tlt< 
theory of ttuldborg and Wange, thec^inlluence o: 
the products of the change either as accelerating 
or i*taiding agents is generally overlooked ii 
attempts to formulate chemical action; but it ii 
easy to introduce tliesa effects ih'an equation t< 
represent the rate of change of a complex system 
on the hypothesis that the rate is directly pro 
]>ortlonal to the product of all the aMive mem 
hers and is inversely propof tional to the amoun 
of chemically inactive bodies fortaed {v, BETAiini 
TION OF CHEMICAL CHANGE, p. 744). 

In a compllx system, consisting of n mcmberi 
undergoing change, let the masses of the initis 
active bodies bo represented by AiAaAj...A,, an 
let the masses of these bodies that have becom 
changed rendered chemically inactiva. up to 
time t, be represented by a,,a.^,a 3 ...a.; theA, ai 
cordixig' to’this hypothesis, the tate qJ change < 
any member of the system, say A., is % 

Wh«re Ml and n, are ol naiants, and V, X" . ; 

are <the rctardat&ta or accelerating coeffioien 
ol the products oi the action, the + or — sij 
bejiUg taken according as those prodnots all a 
as retarding or as a(^elerating agents." Whi< 
at these actions'tVas periormed b; any^peeifu 
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pMuot of the primary action could le dcter< 
mined experimentally, by introducing r. known 
mass o# the body into the system, ^nd com> 
paring the Ibte of tbe oba^e with thaljibserved 
vrhen no more of the spooffled body wiv present 
than was formed during the primary reaction. 
Since A« is the member of the ^system whose 
rate of change is the ol^ect of measurement, 
lot the amoi^t that remans unchanged at time f, 
that is o^, be taken as y ; ffen—if the initial 

(juantitifb of the diWtP members be v,, v.,y . 

(quivalonts of .. 

and a,=:«,o,, = .aa=»<„a,. In¬ 

serting these values in the above ecpiation it 
becomes ^ 

-»./yi K-l)A+yH K ~1 )a + 2 / }...etc . , 2 V 
dt ^ • ii'Ty 

In this equation and n’ are constants to Wc 
determined ex^rimentally, a being the initial 
value of 2 /; /i' is proportional to the rate and is 
dependent on the temperature {v. influence of 
HEAT ON CHRUICAL CIIANOE, p. 741). 

numerical examples of this equation for a 
system comprising the three bodies, ferrous 
chloride, l^drio chloi'We, and potassic chlorate, 
•have been given by Hood {1\ M. [5] 20,414), but 
the solutiofts he employed were so dilute that 
the products of the action appeared to inllucnco 
the rate inappreciably, consequently the term 
in the cqdUtionprelfffing to these olTccts was 
neglected, and the equation was taken as: 

>'i-l)A + y)((.'j-l)* + 9) -(3) 

fo’' the system of three bodies. 

It is possible to arrange the experimental 
conditions in such a ^aytimt, neglecting the 
action of the products, the course of the change 
may abe much Biiiiplcr than is represented by 
equation (2). This may be done, (1) by havijjg 
all the autifo substance* present invey large 
excess over that one which is made tiie object 
(ft measurement, so that they undergo but slight 
dityinationJ)etween the beginning and the Ihiish 
of the change taking place in the boifj^ inoasurod; 
or (2) by an ioging the constituents so tha%one 
or more of them, although taking part in the 
reaction, remauis constai^t in amount, one con¬ 
stituent only diminishing in value. The equa¬ 
tion for the rate of change of one member in 
either ca^ would.be by (2) • 



Where A|,Aj,...An are the masses of the chemically 
active constituents which remam constant or 
nearly so; or integrating, y=D6"“‘, a being equal 
to #*A,, A2...Ag. 

Harcourt and Esson {T. 157, 117) proved 
the truMi of this exponential formtiia^fur the 
actitfh between a soluble iodide and hydric 
peroxide, t The* fundamental change i% this 
case i# represented by Ilo0.^-i-2lll+ 

By the simple device of adding a known con¬ 
stant amount of sodio thiosulphate to the active 
solution each time the liberated iodiifb made 
its appearance, the^moifct oLhydric iodide was 
kept constant, while the •fl.jOj alone dimi- 
nished. The successive additions of thiosulphate 
measured the amount of change of the h^idi^ic 
peroxide (or y), and the ifiterids between each 
uilitioHi or rather the appearances*‘of free 


iodine, ineasurej^ the times of action. From theix 
Experiments relating to the influence of variatiosa 
If temperature, and variations cf the masses of 
llic acting substances, Harcourt and Esson cott> 
fluded that * whether the solution contains in 
lc.c. 74(1 millionths of a gram of hydric sulphate 
)r 150 times th|^ quantity, C04 millionths of n 
gram of KI or 9 times that quantity, or whether 
KOI or hvdric sodic carbonaWt bo substituted for 
\vliclher the temperature be 0° 60% 

and whether the porlionsaof change require for 
their accomi?lishmcnt intervals of one 9c two 
minutes, or intervals of half urbhour«)r an hour, 
this reaction still conforms to the law that the 
amount of chang^is at any ni(«)ent proportional 
to the amount of changing syh^ance.’ 

Harcourf and Esson {T. 150, 193) pre¬ 
viously employed the reaction between potnssic 
permanganate 0 i\nd oxalic acid ftr, investigating 
the laws according to which a chemical change 
progresses. Although this investigation was not 
quite successful in its primary object, it serves 
well to illustrtfbe the anomafous results that may 
i.o obtained by the interfering action of the pro¬ 
ducts formed in a x^action, or by extraneous 
salts. Jho reaction under examination may be 
represented at its beginning and its conclusion by 
the two sides of the equation: , 

K^MnA + '111 HO, f CALCfi, 

- K,SO, + 2MnS64-I-lOOO, + 8H.A 
Tko reaction progresses willi moderate rapidity 
•at t(!mperaturc3 easily kept under control. By 
varying the mass of any one of the conslitneni** 
a corresponding variation occurs in the rate of 
oxidation. Tlie inlluence of H.^SO, is skaMffin. 
the.following table; tlic reaction was allowed to 
go on in each case for four minutes, and wa» 
then suddenly stq/^ped by the addition of KI, the 
amount of change that had taken place bein^ 
obtained cst.mating the iodine liberated;— 


:'uh!3 

JJ/O* 

PfT cent. 
oiiiiii|.*o ill 

4 DliuF 

Jiuli-cules 

• 1 

Ter cent, 
chaiigo in 

4 iJiio. 

2 

ai-8 

10 

• 71-6 

4 

36 


7»-4 

6 

511 

M 

82-i.- 


63-5 

16 

85-7 



22 ^ 

92-3 


principal secondary reaction in the oxida¬ 
tion of O.H.P 4 by K .MnA nvises from the do- 
comp(ftitiou of K^Mu.^Oa by the MnSO, * 

* (KMnX\t^S'SiuSO^-i 2HaO 
= K.;SO^+%H.,SO^ ‘ 5Mh(X); this reaq^ion in- 
fluenccfl oie ? -le of oxidation in a remarkaflie 
inaiin#. With the materials l!i the proportiona 
of lLMn.A*lb»i::H 04 : 5 U.A^ 4 i il- was found that 
when no manganous sulphate was added only 
eight p.c. of qj^eniical change took place in 
4 mins., but by gradually iticreasing the mass of 
MnSO. Jlie amount of chnnge taking place in 
this imerva^of time increased, until it reached 
85 p.c. w^n 3 MnS 04 wa9j)re8cnt. Furthertn- 
cTeaso of the llnSO^only sughtly^lteredthe rate 
of oxidation, liarcourt and Esson likewise found 
that by varying ^le mf^ses of and A* 
the HnS 04 remaining constant, 

the percentage of chemical change^ a definita 
time (3 mins.) gradually increased tni it reachod 
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•’tfe'D (3) is l)A+!/whereBecjual 8 


« maximozn, tbaa diminished to a minimum, 
and a(^in increased on addition cM more £[, 0 , 0,1 
Experiments on the relation between the time o9 
continaanoe of the action and its amount showem 
that after a certain intexTal the course of tha 
change was represented by an hyperbola. Thef| 
reason of this regularity only occurring after the 
option had proceected some ti&e was traced to 
the double cnanges.that take place, first between 
the MnSO, and K,Mn,0„ and then befiwecn tb^ 
MnO, produced and tlm C,H,0,. Both changes 
are, hSwever, comparatively slow; >but if either 
of them O0(^irred very rapidly compared siith the 
other, in presence of equivalent quantities of 
materials, the wh^ie course of the change would 
doubtless bo represented by an hyperbola. 

Pood (P. M. ^]'6, 371; 8,121) has studied 
the rate of oxidation of ferrous sulphate by 
potassic ohloratq, and the inlluoi^e exerted on 
the process by variations (i) in the amounts of 
acid used and (ii) in the temperature. The 
equation for equivalents being 

. fiBcSO, + KfJlO, + 3H,S0, 
= 3Fo,(80,)j + KCl + 311,0, it is evident that thg 
rate of change will bo tljo product of three 
factors. The acid being in largo excess and 
KC10,:6FcS0, = k: 1, the rate of change Uy equa- 
dy 
at 

the amount of acid; or log. - -K-_ 

(»-l)i + j/^ 

/iiB(n—l)i(o —<); if, however, KC10,:CFeS0, = 1:1, 

thej^^ “ ~ or + <) = -i-. By a series 

of determinations of y (c.c. of permanganate)' at 
indefinite intervals of time, the constants in 
either of these equations {/ab aw.d c, aiul /ta and a) 
were found for different conditions of tempera¬ 
ture, amount of acid (b), <&o.,and consequently a 
measure was obtained of the change'* produced 
in the rate of oxidajion^ by such variations. 
Hood found that for tlys reaction both these 
formal® hold good, and, as theojy indicates, the 
ratq of oxidation, within certain limits, is pro- 
portionaUto the am^mt of free acid; as the 
amonnt.of acid, however, becomes comparatively 
very great the oxidation progresses nmeb more 
rapidly than the acid increases. ^Y}/n JICl 
replaces H^SO^, order to i»roducc the same 
rate of oxidation the amounts must be as 30*5: BO. 

Ostwald {J. pr. 27,1) has studied the interest¬ 
ing reaction K.CONH^ + H.jO^R.CO.ON;^ with 
reference to the acc^elerating influence acids have 
upon the rate of the change. This reaction is a 
s^fiking'instance of so called * prrdjsposing * 
affinity, the reactipn being a very tiow one when 
water alone is employed. (For details of triis in¬ 
vestigation, V. the article Affintty, p. 79.) 

^ The decomposition of the o.‘‘dicreal salts, e.g, 
methylio acetate, by water, affords an example of 
chemical change somewhat analogous to that of 
the acetamides. The difference between (,he two 
cas^ is that in the foimer the watef. resolves the 
compound into two ethers, alcohol find acid, 
whereas in the latter the water isUssimiluted to 
form a more complex confound. The presence 
of acids gvcaUy accelerate the decompositior. of 
the ethereal j^lts, as is the case v.ith the acet¬ 
amides; th(/fdlations between speed of action and 


I quality oj acid have been investigaft/by Ostw^d 
^ {/. 2B| 449), t>. Avfikity. 

Betabdatzok and Acceleration or Oheuicai. 
OBANaBS|-*In the reaction that takes^l^e when 
an alcol^ and an ^anlo acid are*mixed, the 
amount c4 changq id limited by the inverse action 
that arises betw^ien the products of the change, 
ethereal salt water, which inverse action 
tends to the re-formalten of the original alcohol 
and acid; it is ^nse^en^y ovidifiit that the 
rate at which the ethorifica^oft progress is re¬ 
tarded by this inverse action. In like manner if 
BaS 04 is acted on by K-^COj, the rate of the de¬ 
composition is retarded by the inverse action 
that occurs bct\^.en the BaCOj K . 8 p 4 which 
results in the formation of the original Indies. 

The some may be said as regi^rds the rate of 
all those reactions which arc limited in extent by 
irfverse chemical changes. 

There is, however, another kind of retarda¬ 
tion possible, not arising from any secondary 
chemical changes taking jdace in the system, but 
of a purely physical origin: If in a homogeneous 
system undergoing change, such for instance ns 
is represented by the ecmation a+^ = ab, the 
chemically active bodies he consider^ to be in 
a state of continual motion, the rate of formation* 
of AB wdll be proportional to the number of im¬ 
pacts between the a’s and b’s in a unit of time, 
it is conceivable then thqAdf the molecules ab 
are not removed from the sphcie of action their 
mere ))resonce will liamper the movements of the 
remaining a’s and b’s, and by so doing will 
diminish the number of impacts between them 
• in a unit of time, tliat is to say, yvill retard their 
i rate of combination. 'Ihjit retardation of a 
i chemical change does arise by the addition of a 
quantity of one of the products has been sliown 
to be true in several instances; but whetluv the 
effects are to be interpreted on a pl^vsical basis, 
as is done here, or on*’a chemical basis, cannot 
be decided with certainty until much more ex- 
jierimental evidence has been obtained. Thfi 
study of th^ influence of cliemica^y inactive 
bodies on systems undergoing change, that is to 
say it bodies which probably do not t^ke part 
cheinically in the reactions, forms a wide field 
for research ; and there is no dovbt that the re¬ 
sults obtained will have an important bearing on 
chemical science considered in its dynamical 
atpect. • 

An acceleration in theVate of a chemical 
change may bo brought about by«an increase in 
the amount of any one of the active constituents 
of the system ;<kuch an acceleration, as has been 
already shown, is easily explained by the law of 
mass-action, viz. tliat the total mass of each 
constituent takes part in the reaction. 

There ar^ instances, however, somewlmt more 
diflicuH*t>f explanation, such as the InveTsitn of 
cane a^gar^ or the decomposition of methylio 
acetate, by acids, wherein the a<ldi{io% of an 
acid merely accelerates t^e change, the mass 
of the acid remaining the same at the finish as 
at the beginning of the reaction. The tendency 
to unidergo change in Vj^eso instances is merely 
incre^ed by the ^lesence of the acid, and this 
tendency, measured by the speed of the change, 
is ^pend^nt on the character of the acid em¬ 
ployed (t>. Qstw^d’s experiments defiled in 
Affit^itv, p. 79). : Th£ difficulties tliat ^ro here 
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Dtcbuntered would seem to be eimilbr to those 
that arise in the consideration of so-oalled 'eon-' 
tact aions' or catalysis. . » . . 

Guldbarg and Waage (nfrwfcs), in ^ir inves¬ 
tigation of the rate of prdfcj^ion of l|#Brogon by 
the mutual action of metail^nd acids, found 
that the presence of salts in tgo acid solution 
exercised a remarkable jnflutnee on the speed, 
some salts acceloratigg, others retarding, the 
reaction; Itle saltS theiuseifes remaining un- 
altcrec» Mills niW Walton (Pr, 28,208) observed 
an acceleration in the rate of formation of am¬ 
monia from potassic nitride and zinc amalgam 
by the addition of either KaSO, or Na.SO,, the 
increasds^f spe^ being practil4iUy the same for 
egual masses of the two sulphates. If a dilute 
acidulated sohitionof ferrous sulphate is oxidised 
by potassic chlorate at the ordinary temp^a- 
ture, those t\W) bodies being present in equiva¬ 
lent quantities, and the free acid (H.^SO,) being 
much in excess, the rate of the oxidation (v. ante) 

is expressed by thf equation ~ 

tfrt + f) = 6,*wher(^ f is time id minutes, and y is 
C.C. permftnganate eqjuivalent to ferrous iron^ ro- 
• maiuing*at time t. ^ Since in these equations 

b-' (or the rata of change is inversely pro- 
Q>t , , 

portional to 6), ky^orforming two experiments 
under likS oon^itrdhs of temperature, dilution, 
amount of acid, of iron, and of chlorate, except 
lhat to one of the solutions a known mass of W 
sulphate is added, it is easy to calculate the 
equations,*j/(,r + t) = b, for each of the systems; 
and, by compBring the two values for b, to get a 
measure of the retardfcg act’on of the particular 
sulphate employed. In oiiio, words, the time 
required to oxidise the iron from y' to y” is pro¬ 
portional to h, and if this time for the blank 
experiment be taken asi I'cO minutes, the value 

of (where b corresponds to the blank 

•b, . 

and b' tmthe -retarded experiment) gives the 
number of minutes required to perform the 
same amount of oxidation in the presiwco of 
the adiled sulphate. The annexed table con¬ 
tains the resaits obtained by Hood (!'. M. [.IJ13, 
419) in studving the retardation of various 
sulphates in the above manner; the temperature 
being 2i,‘’C. in each experiment. •« 

The numbers* show that the retardation 
occasioned by the presence of u chemically 
inactive salt in the system employed is pro¬ 
portional to the mass of thefsalt added, and 
that some salts of analogous olmnicier prcduco 
for equal masses the same retaiding effect. 
Thus the potassium, sodium, and amiiiomum 
sulphates each produce a retardali*n of about 10 
p A per gram, and the two alums abriiit o p.c. 
per Wip. T*io diffcretioes in the qfTcets of 
magMsium and zinc sulphates are, however, too 
great to allow of ih«ir being classed together 
is analogous salts from a dynamicaj point of 
view witli reference to this particnl* case of 
retardation. ® 

Considering the alki«Peulphates ajid the 
alums, it is clear that, since equal masses of the 
severM members of each group ^rodu^f the 
same effect, the retardajjon nroduced by a mole- 
oule «f one of the salts is .proportibnal to its 


' Weight 
' of 

I salt 


5 grafts .1 

:: ‘ 

6 , 

» ® » 

8 , 

10 » 


WO. 


100&> 

b 


120*3 

Tt3-1 

ir.3-1 

M7-1 

106-8 

2-21-7 


Per 
cent, 
retar* 
datioa 
for 1 
gram 


10*1 

10-2 

10'8 

1(1-7 

11-2 

11- 9 

12 - 2 


Na^BO. 


100^ 

b 


131 - 
113-3 




j;6*5 

190-6 

212*4 


Per 
cent, 
retar* 
datlon 
for I 
gram 


120-ft j 10*8 
131-ff 


10-5 

10*8 

10*4 

111 

11‘3 

11*2 


(Na4)^o. 


1006 " 

b 


Per 
cent, 
retar¬ 
dation 
for 1 
gram 


120*8 

132*4 

146# 

164^ 

166*# 

193-2 

213*9 


10*1 

10*8 

11*3 

10*9 

11*0 

11-6 

11*4 


■■ ■ 

fAl( 

so,), • * 

(Nn.)Al(SO.), 

Weiglit 

of 

jeo// 

Per coil?, 
rota 1-1 la- 

1005' 

Ppjfccent. 

Tntardft- 



tuiu for 

-' 

tion for 


0 

1 graui 

• 

1 grain 


•112*3 

6*1 

111-8 

5-9 

3 „ 

118*1 

6-0 

118-3 

6-1 


i24*7 

0-3. 

124*4 

0*1 

6 „ 


6-9 • 

lr»-7 

6*9 

G „ 

138-1 

fi-3 

137-4 

0*2 

8 „ 

l4ii-2 

6-8 

111-5 

6*8 

10 „ 

166-3 

* 6-5 

1631 

6*S 

— - 

* MgSO. 

ZnSO, 

Weltflit 




Per cent. 

of 



1005' 

retariia- 

Bult 


tioii for 


\lon for 

e 


1 gram 


1 gram 

2 grains 

lU-9 

l-;.vo 

7-4 

7-8 

110*1 

115 

60 

6-0 

4 « 

i-js-i 

;-i 

C-8 

117-6 

123 


s :: 

11(»-9 

6-# 

1-27 

4*5 

s 

- ^ 

0-4 

132-7 

4*1 

10 ;; 

n;i-i 

C*1 

138*4 



mass ; ir otl'^r words, tlio gn'ator llic rnass of a 
molecn]. Ibe moro it retards the rate of the 
chemical cba»igo. 

Judging by these facts, it would seem not 
improbr’blo tbift c)»cinical bodies might he 
cla. r.lfieti on a«dynamical basis ^s regards their 
rotardation-cffects. With this aim, IJ.ood^^^ 

[5] 20, 414) has conlii^icd those ^pci*iinents 
in relation to soluble cbldrides, but tb^ anoma¬ 
lous Insults obtained do not justify the assump¬ 
tion started with. The reawlls show that the 
Rulpbates of the alkali mclaft in the oxidation 
of i. rrons chloride by KCIO, produce an equal 
i-< tarding effect, about 17 p.c. per gram, but that 
Mgfii),, ZnSOq, and CdSO, {altboiigh usually 
classed together from a stalic.al point of view) 
differ greatly in their retardation-ejects; ^ the 
rcsults/fdi’^be lirst t-wo sulphates are in a^ut 
the jfcme ratio as in provioCte experiments with 
ferr^s Buli-Uato instead of ferrous chlorido. 
lilxpcrinieMl^? with ^IgSO, showed lhat t^cse 
‘retardation cdblJi^lents ’ vary slightly in¬ 
crease of temperature. vt ^ 

An examination of the effects of chlorides on 
this^teaction shov cd stiikingly anomalous re¬ 
sults ; np fwo chlorides gave the same retorda- 
-tion-effect. I^odic chloi'lic practically produced 
no effect oil the SQjRod of the oxidation, .while 
zinc, magnesium, ^d cadmium chlorides pro¬ 
duced an accelcramm. It Beems difficult to 
reconcile tfi^ese results with a thellry that should 
account for the action of a chedRcally inactive 
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%\i la a system undergoing ohang^ on the basis 1 
f moleenlar interference with the movements 
f t^e changing constituents of the system. It 
lay be, however, that the presence of such 
xtraneous bodies induces secondary reactions 
1 the system which occasion either on accelera- 
ion or a retardation j)! the princi(>al change. 

•Influbncb of Hkat.—T he study of the in- 
uence exerted by he^t on chemical chains, as 
llustrai^d by the piienomena of dissociation,« 
,nd by sucii phenomena as occur when i)hos- 
»horu8*'or sulphur are heated,, forfhs an im-' 
lortant lactoa in the vast problem of chemical 
iCtion. Starting with the fundamental notions, 
hat heat is a fomn of energy^ and that all 
ixtemal material^ lihenomcnu 'comprise two 
actoer^matter and motion, which it ft the aim 
)f chemistry, to investigate, with the molecular 
heory of the cqp^itution of mattenfor a basis, 
t is evident that tlie relations between the 
iction of heat and chemical change Will be most 
idvantageously studied by examining in wliatway 
he rates and the linTits of cheini#j,l changes, 
jccurring in homogetieous systems, are affected 
by heat, and by determimng the inllucnce 
exerted on such changes by extraneous bodies. 

What is already known rcga- liiig tiro in- 
fh^pco of heat in bringing about chemical com¬ 
binations and decompositions would sccin to 
Indicate that such action is of a twofold cha¬ 
racter, more particularly in systems possessing^ 
free mobility either in the gaseous or liquid 
states; for, besides accelerating the motions of 
translation of the molecules of the system, and 
80 liftftAllying the chances of collision in a 
given time, and consequently increasing tlvi 
rate at which the change takes place, the action 
of heat also accelerates the rat^ of change by 
diminishing the stabilities of the reacting mole¬ 
cules, and thus increasing their tendency to 
undergo change. Thus, representing the mole¬ 
cules of gaseous iodine and hydrogen rcspt;ctivcly 
as L and II^, the arnoftnt*of HI produced in 
unit time at a given teinpefatur<^ by the mutual 
action of atqil I 2 , will depend i^on the num¬ 
ber 6 f molecular collisions, the velocities of 
translatiorf of the mole.fulcs (or the temperature 
of the fjjs), as well as upon the facility with 
which the molecules become separated in^t' 2II 
and 21. It is ees/ to understand in this way 
why there arc definite limits of temperature 
within which chemical changes take place; and 
how some reactions which occur very rapidly 
at one tefiipcraturo may be prevented by fi?dfii- 
oiently cooling the reacting bouies. 

Although as a general rule the action of heat 
is tiich as to induce chemical co*'bii?u*ion at 
moderately low tenfjicraturcs and decompo^:*,ion 
at higher temperatures, instances are known of 
bodies being more stable, undc|^ certain condi¬ 
tions, at high, than at low teim)erfyjtures. Troost 
and fcfcutefeuille (C. li. 73, 443; 84, 046) h«vo 
shown that by passing SiCl, over strongly heated 
silicon the latter is volatilised and is^gain^con- 
dcnsld on the cooler parts of the tub% This 
apparent volatilisation of silicon wril: found to be 
brought about by the formation of at the 

higher temperature, and d^^comi^sition of this 
compound intf the original bodies a lower 
temperature = 3SiCl^ + Si). The com¬ 

paratively oc^plcx body Si^Cli is thus resolved 


by diminishing the temperature into the odht* 
fcaratively simpler bodies SiCl 4 and Si. 
r A some^at analogous reaction is assei^ed to 
occur by litte with SeH^ (0. R. 74, 989). This 
chemist Sfm that if Is heated with hy- 

droi^n in a*closoA^essel, the amount of SeH.^ 
formed increases^ith increase of temperature up 
to 520*^, but that any further increase in the 
temperature is accompanied bv a dec^se in the 
^amount of ScH^ forfifed. If two tubes'^re heated 
under like circumstances uiHfl^he amdtnt of 
SelL formed is constant, and one of them is then 
cooled rapidly while ^he other is allowed to 
return gradually to the lower tem^rature, Ditte 
says thfft the scccfid tube coiitainMess 
the first, and so much less as the cooling has 
been slower. On the otlierhand, SoH^ submitted 
to tjie action of heat suffers sensible decomposi¬ 
tion even at 150®; above 270° the jfmount of de¬ 
composition gradually decreases until it reaches a 
minimum at 520°, after which the decomposition 
continuously iticrcases as teinporature rises. 

Chemical systems which are limited by reason 
^of inverse actions ufay be represented'in terms of 

their rates by the equations ami 

iu which the accelerating influ¬ 
ence of temperature is expre^^^d by the functions 
/(0) and/(t»), and the absolure rale by the differ¬ 
ence, or ^ =/(fl)i^(AB)-/(0)t|/(cj)). When equi-* 

librium is attained, or no further chi^ge takes 
place, /(0 )'|'(aV) —/(^)»|'(cV) = 0 ; b', c', i)', 

being the quantities of active,”ubstanceslhatcan 
exist together in stable eqiiilibnum at tempera¬ 
ture #°. If the teiaperatnre functions bo the 
same in both cases,then /(0){4 '(aV) — i#'(cV)| *.0, 
or = or Uie limits are Mependent 

of temperature. This ^ould seem to be true 
between certain limits for the smqjler etherifica¬ 
tion processes, as Berthelot and Saint-<lilles* 
experiments J|ave shown. Men^chuf^'in, howr 
ever, lias examined certain limited reactions 
which^show a marked variation in the. limits 
with temperature, and seem to indicate that the 
ratio of /(0) to/(0) is not,constantjii’ 

From a study of certain reactions which are 
not affected by limiting conditions, and of other 
relations which arc so limited, aitempis have 
been mode to determine the Sceclcrating action 
of heat, that is to say, to dctermin#the form of 
tho tomperaturc-fuuclion f(Q) in the equation 

I' = /(e)^(T.olc....). 

Hood (P. M. [5] 6,871), from experiments on 
the rate of oxidation of ferrous sulphate solution 
by KClOg^ considered that f{S)<x or that 
rate 0 ! oxidation varied as the second power^of 
the temj^raturo; but t^e oxpenmenta were not 
sufficiently numerous to place this concMsion 
beyond doubt. • • 

Warden {Am, [3] 203) studied the influence 
of heat oft the rate of the action 
a,H + N^O + CjH^HO. 

in dilof^e aqueous rolntions, the temperature 
limits being 3'6° and 87*7°. The results obtained 
agree# welnvith the'formula (7*5 + a)(62*6°^f) <» 
621*4; t being*temj|3rat«ire, and a the number of 
gram-equivalents per litre which would (atcord- 
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th« tSeory of mass) react upon each other 


pernmute in a solution kept of normal strength J function inflhenoing the rate of a chemica 


The jom.ala could be written as aasA + Bt^ 
indicating the rate to vary nearly as square of 
the temperature. Mensclg^to 29,437) 

employed three somewhat^nalogoOT reactions 
for the study of this subject?j;i) formation of 
ethylio acetate from acetic Icid and ethylio 
alcohol, foimatioi:y)f acetanilide from acetig 


order^ to determine the temperature 


ether, anilide, and acetamide formed were deter¬ 
mined, vpd tal^n as measures «f the speais. The 
following are his results: 


change, Hood (P. U, [6] 20, 823) has »gair 
studied the oxidation of ferrous sulphate solu¬ 
tion by potassio chlorate. This reaction ii 
well adapted for work of the kind, as it is com. 
pletely under cgntrol, and can bo rendered as quick 
or as slow, as may be deillred by altering such 
conditions as dilution, temperature, amount of 


acm and %mhne,%(3) fom«tion of acetamide < dree acid, <!|f. The progress of the oxidation can 
from osetio actd«y amnioma. Molecular quan- also bo followed wiili the greatest pr^Sision by 
titles of tho materials were heated for one hour imeans of permanganate. ** 

1-ho amounts of K»chexperimental solutign coi^istodof'6037 

ferrous sulpliate, and 3-099 


Temp. 

• 

Ether 

form^ 

Temp, 

Anilide 

fumed 

Temp. 

Acpta- 

ijiidi 

formed 

90’ 

7-50 

82“ 

6-08 

100“ 

0 

102 

13-50 

9Cf 

8-60 

llo 

1-27 

112 

W-02 

102 

14-59 

121 

4-41 

122 

21-78 


21-5. 

130 

9-02 

132 

-e2-60 

12» 

30-71 

140 

21-30 

112 

*40-65 

132. 

39-91 

150 

3C00 

152 

•46-82 

142. 

47-05 

152 

40-60 

162 

62-99 

152 

65-49 

155 

50-90 

172 

57-45 


61-57 

100 

58-07 

182-5 

*0-99. 

iTIl 

00-39 

IVS 

72-33 

212-6 

63-98 

182-6 

68-87 

182-5 

78-31 



212-6 

72-19 

212-5 

82-83 . 


These humbers all agree in this respect, that 
the dilTerencejfin tho amounts of action during 
one hour, for equii (liffereii*."‘s of temperature, 
gradually increase, i)as3 through a maximum at 
a (^ptinite temperature, and then decrease. As 
regards the gonpral inferences tliat might b( 
drawn frofn these expariftents relative to ih( 
connection between action of heat and rate o 
•chang^ it must be reinombercd that the re 
actions labour 4in^r the disadvantage of being 
c&ses of iftily limited action, and^liat tho pro¬ 
ducts of the change no doubt retard tlw^prin- 
cipal reaction, and tend to complicate matters. 
Besides thi8,^ie method of allowing the change 
to proceed in each case‘for the same interval of 
“*time is objectionable, for at the Iiiglicr tempera¬ 
tures the amounts of the products formed bcfjnc 
the ex^ration of^ne liour are so very much 
greater than^he amounts formed at the lower 
temperature That their presence must exercise a 
considerable retarding inlluenc<k on tho further 
progress of the reaction up to tlie time-limit. 

Unliko some of the etheriOcation processes 
tho limits of formation of acetanilido and acet¬ 
amide are influenced very conside^bly by heat, 
as |hMollowing numbers ehow:— • 


AictauUi^c 

. Aoftnmi 

TdBp. 

Limit 

Temp. 

Limit 

100“ 

Km 

125“ 


125 

83-11 

140 

78-18 

135 

82-39 * 

1^5 

81-?6 

145 

81-22 

%82-6 

8%82 

155 

79-68 

212-6 


18^-6 

78-85 

1 

. I 

* , 

212-6 

77-76 



grams of free made«up to a volume of 

260 c.c. To tins solution lO^.c. of a solution of 
KCIO3 wA*e added, equal to *2007 grmjn.-«being 
the oxidising equivalent of the iron^Fr^. .i»ch 
a solution, i^intained at a conatgnt temperature, 
10 CA. were withdrawn at indelinito intervals of 
time, and titrated by permanganate, and from 
^several such observations tho constants in the 
equation ?/(«•+ t) = b were talciilated; y being c.c. 
►of permanganate, and t being time in minutes. 

Since 6 is inveriiely proportional to the rate 

of change, ■'= by compar¬ 

ing tho values of b obtained from a scries of^.x- 
periments in whieh every tiling remains the same 
except the temperature, a measure is obtained 
•f the influence of heat on tho rate of tho oxida¬ 
tion, and consequently a means of finding the 
probable nature of thotempc*raiurc-function/(e). 

Tho following table coiilains tho results of 
Upod’s experiments; the vahu s for for 

the equation y{(i + t)=^6 being the means of 
several experiments:— 


Temp. C. 

• 

( 

b 

Ratio ^2 _ 

tii+l 

lO"' 

330-8 

3327-8 


11 

301-C 

274-7* 

3(125 

1-100 

12 

2752-9 

1-098 

13 

’ 250 

2.503 • 

l-0'49 

14 

227-5 

2282-7 

, 1-096 

15 

200-0 

\ 2055-7 

' J-110 

16 

194-3 

\920-8 

1-070 


174-2 

1133 

1*109 

13 

159 

15\-4 

1-098 

39 

117-1 

1452-0 

1-086 

20 

131-4 

1325-4 

1-096 

21 

124 

1210-8 

1-089 

"'22 

ll<l-9 

1123 

• 1-083 

23 

102-0 

1002-3 

1-120 

24 , , 

9i-3 

921-5 

• 1-084 

py 

’ 89-9 

809 

1-06” 

i-is 

68-5 

054-8 

1-099 

30 

58-7 

651-2 

1-090. 

32 

*503 

0 

405-3 

1-088' 

--rv'- 


Mean. 

l-tl93 


FromUlic numbers imder — it apifcarai 

• . I ‘ 

that this raI|o has ^s nearly ns possible a con¬ 
stant value, the mean of all the experiments 
being 1‘093 : if woum seem, therefore, that for 
this reactioiT at least the tempciliture-lunction. 
has an exponential form, and thUCthe rate of 
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change »ay be writton-^- -/*«• y\ 9 being the 

tcmoeratnre. Calculating the rates of oxidation 
on assumption, or p /x(l'093)*, chere p is 
cate and 9 temperature, and comparing them 
nith the rates found by experiment from the 

values of or the rate at 10*0. being taken 

• bt 

as unity, the following numbers are ^taided 


Tt-Sxp. 0. 

Ratfof 

oxidailoa 

Oalfjtlated rate 
• of oxidation 

• 

lo- 

100 


11 

•I'lO 

, i'bs 

12 

» »'21 

V19 


1-33 

rsi 

i4'' r- , 

1-46 

1'43 

15 1 

t * 1-62 

*' 1-66 

16 1 

1-73 

1-70 

17 

1-92 

'1-86 

18 

211 

2-04 

19 


*2'23 

20 

2'61 

2-13 

21 

2-73 ♦ 

206 

22 

2-96 

2-91 - 

23 

3-32 

' 318 

24 

8'59 

3-47 

25 

8'83 

8'80 

23 1 

6'08 

4-96 

SO 

604 

6'92 » 

82 

7-16 

7'07 


bwe^igations of many reactions must be 
made before it can be determined how far it mUy 
bo true in general that the rate of a chemical 
change increases in geometrical progression as 
the temperature varie.s urithmoti'-ally. Lemoino 
{fyvdes sur Us fiqmlibres chimiques, 178) has 
expressed the opinion that the temperature- 
function is of an exponential form; and this ho 
considers to be correlative with the nature of the 
internal movements which conttituto the tem¬ 
perature of a body. , 

larLUJJNOE OF Liout.—A survey of the prin¬ 
cipal lactsrlhat are kngtvn relating to the influ¬ 
ence olt> light on ^inemical changes, or in 
producing such charfges, would seem to indicate 
the possibility of classifying these ol/smioal 
changes into (1) steh ns are only induced by the 
action of light, or light and heat combined, and 
(2) reactions which, taking place under ordinary 
conditions in darkness, are accelerated by, the 
action of light. To the first' class of actions 
belong par excellence the photographic processes 
(ofcnrhiolf unfortunately so little is^lificarn), and 
such reactions as t4.e combination ot H wl^j Cl, 
the dissociation of HI, or the reduction of ferric 
oxsjate solution. From the experiments of 
Am^ it would seem thatsoipe of these typical 
chan^i^s produced by light can only take p'aco 
above a certain limit of temperature, indicating 
that heat as well as light is necessary. Ih. the 
second class probably a great many, if ^ot all, of 
the chemical clvinges'dliat have iheen studied 
with reference to their rateSj limitsljcSc., will bo 
found to belong when thoy.nave been examined 
hr this respect, but as yet iittle hr nothing has 
been done. ^ an instance of the latter class of 
reactions m!![^ be cited the oxidation of oxalic 


acid by potassio permanganate, xiaiconn on* 
l&sson (T. 156,194) observed that the rate ot this 
oxidation (which under ordinary oonditigns is 
moderatelz Quick) is greatly ac'celerate^in direct 
sunlight ;be amoum^ this acceleration was 
not,*howevCr, detegifmed. 

Hydriodic ac^ exposed to sunlight for one 
month at ordinffry temperatures is decomposed 
to the extent of 80 p.C.: but when this gas is 
heated night and dt^y f^ the Bam#*length of 
time at 265° in a dark nhanihes, scarcelf 2 p.Oi 
■ of the hydrogen is liberated. 

The analogy betwtjm the chemical effects of 
light and heat is very striking: both agencies 
act in tgich a wajaas to break doSin or •implify 
chemical structures, as well as to builS up com¬ 
plex molecules from simpler constibicnts. Many 
instances might be cited to exempluy these state¬ 
ments ; such as the disruption o^ HI into free 
iodine and hydrogen, the formation of HOI and 
of COCI., by light; and the formation, and at a 
higher tempe».',turo the disMcsation, of HI, HjSa, 
HjO, and numberless otherbodies, by heat. 

# There seems, however, to be 0.10 marked 
difference in the modes o^action offbeat and 
light. Whereas, in those chemical chaages pro¬ 
duced by heat which arojlerraed disfociations 
or disruptions of molecular structures, a limit is 
reached depending upon the pressure and tem¬ 
perature to which the sys|*-'a‘*’i3 Bu)jjooted, in 
similar changes produced by ligiit there seems 
^0 be no limit, but the process goes on until 
complete decomposition is attained. This is 
easily understood when it is rememhered that 
in such reactions, under suitable conditions, 
heat tends to destroy as wclb as to re-form the 
molecular structures; but that when light acts 
in such a way as to break down complex mole¬ 
cules the inverse action has not yet been 
observed to occur under any'condilions. b'or 
example free 11 and I efposed for one month to 
sunlight suffer no measurable change; but HI 
in the same interval of time is decomp«Bod to‘ 
the extent o( 80 p.o. EcaeffonS of limited, 
and perhaps reversible, character, induced by 
light,'^analogous with the dissociation.pheno 
I incna produced by heat, may yet bo diseovered. 
i Light rays of differcnL rcfrangibllities induce 
chemical changes with greatly different in-, 
tensities, and probably with different effects. 
L(flnoine (C. R. 93, 614) has shown that HI is 
decomposed with facility iif'vessels made of 
blue glass, but is very slowly chinged in red 
glass vessels. For those bodies which heat 
alone decompo* es at low tempeqatures, the 
extreme red of the spectrum appears much less 
oflicacious than the extreme violet. In the 
eases of bodies which are stable at high tem¬ 
peratures, if 4ho time ot action be long enough, 
the rod r&ys ultimately produce the same reCult 
as the sriolOv. Chastoing (A. Oh, [6]^11, 145) 
concludes that it is ilot necessary thatwvhite 
light should act more ecjcvgetically in a given 
way than any particular part of the solar 
spectrum, for it is possible that some rays pro¬ 
duce the inverse action oi? others. The chemical 
actiongit the solar S^ctrum oh binary metalloid 
and metallic compounds ought, he thinks, to be 
reprysentdS by twejourvea, one reducing on the 
side of the vdolet^ the other ot an oxidising 
cbaracter'on the red side of the speotru% and, 
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there probably exists a point where __ 

photochemical action is nil or equal to that tteneous photography, 
whioh^takes place in darkness " *' ’ « . . 

An elehorato study of th^ induoifc^ of light 
in producing chemical «^^ft^g03 wasSnade by 
Bunsen and Boscoe in ISSTl^me of the ffcts 
which their investigations broiStot out are of a 
highly important character. Draper in 1843 
had observed that tj^Q*action of light on a 
mixture 01*311 andeCl doesooiot begin to show 
itself itt8tantan(»u:3Jy, and he concluded that 
the first action of light was to bring .about a 
change in the Cl, probajjjy producing an allo- 
tropio modification, before combination could 
take plajip bet^/oen it and hjalrogon. ^unsen 
and Koscoe made this observation by Draper 
the subject many experiments and measure¬ 
ments. They considered that whatever may be 
the cause of tjje resistance to combination whTch 
the gaseous mixture shows for some little time 
aftef^ubmitting it to the action of a constant 
source of light, Eti^per’s aasum^ition is not 
borne out by facts. 

The following measurements exemplify this 
resistancG/^ffcct ifs obtained by these chcmiKls j 
, with a cohstant source of light (T. 147, 3G3): 


would evidently place a limit to so-called instan- 


* 

Time in mins. 

t_ 

Observation 

Actiut) (luring 1 
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0 • 

, ^ioo 


1 
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•5 

2 

1021 

1-G 

3 

102-fi 

-5 

4 • 

103-2 

•0 

6 

* 105-3 

2-1 

6 

^iio-0 

11-6 

7 

139-1 

19-2 

. 8 

170-2 

31-1 

0 

. 200-6 

30-4 


These numbers show tliat about h mins, 
•exposuyo is require^ before the rate of ccuibi- 
nation rca,ci)c&»a^fon8tant niaximuni. It was 
found tbaf tlie time that clap::i( s,'1'i-om tlic first 
insolatipn until the first trace of pliotocluv^iical 
induction becomes visible, and until the maxi¬ 
mum action 0 attained^ varies much according 
^0 the experimental conditions. It was also 
found that the resistance to combination, once 
overcome by the influence of light, is S'-on 
restored when thof;a&cous mixture is allowed to 
stand in darlmess, but that the increase of the 
induction from exposure to liglit lakes place 
much mor^rapidly than the (^linution of tbo 
same on darkening. The presence of a foreign 
gas, or of excess of Cl or H, inllacuces the 
induction-cftect in a remarkable manner. Thus 
the maximum of the induction 4 >t a normal 
miqitdle was reduced from 100 to 37>8 by the 
presence of of hydrogen, and ir^thopmsence 
of •tsijfr 0^ oxygen it diminished from 

100 to 9*7 and 2*7 m^ectively, and for of 
Cl from 100 to 00*2.By insolating Jho gases 
separately no appreciable elTcct was‘i^roduced 
on the induction efXc^ wi^on the gascs^ were 
afterwards mixed.* j J 

It is interesting to note that if this ^Aclimi- 
nary resistance to undergo change ia> universal 
law iif such actions as arejbroqghj; abofH by 
light Jn bodies in the tiquid or solid, statp, it 


Marohand (A. Ch, [4] 80,802) has studied the 
influence light on a mixture of oxalic acioand 
ferric chloride in aqueous solution. Such a solu¬ 
tion placed in darkness suffers no change, but 
when exposed ^0 light it evolve# C©, with the 
reduction ofkthe ferric chloi^do. Heat alone has 
no visibb meet on the mixture oven at a boiling 
l•V■mpe^alu^but if the solimon is exposc^to Solar 
radiations and is then licked, dccompositron takes 
f)laco with expljpvo vioToncu. Of the Afferent 
parts %f the spewrum, the blqe ray^exercise the 
inost energetic action, even nn*re so than the 
violet rays. Some higlily interesting facta have 
been noticed^tjemoino {(yJl 07,1208), bearing 
on the choreal change^} promiced by ligjjt#vith 
the above mixture. Iloemph^yod thin 

vertical glas^tubos, 15 mm. dienufter, each con¬ 
taining 20 c.e. of a mixture of ferric chloride and 
oxalic acid* tlio solutions were saturated with 
CO., and contained equivalent quantities of the 
reacting bo<l^s. The cvot\'ed gas was collected 
tf>vcr glycerine. Tlie speed of Iho reaction in¬ 
creased in proportipn to the intensity of the 
light, but for equal intensities of liglit the speed 
was first ^proximately constant, and only 
began to slacffon when tho liquid had disengaged 
lialf the possible quantity of gas. If tiio two^e- 
agents are exposed seiiaratcly to strong yVtII gbt 
^d are then mixcsd, the decomposition goes on 
much more rapidly than if the mixtiiro is ex¬ 
posed to light before separate insolation. The 
following numbers ilUrntrato this fact; the 
measuremonlo, which were made aftcr^e-iiaiftmo 
iqjervals of exposure, show an acceleration of 
obout ten p.c. in the latter case: - - 


LlonifU not insoIatAl 
Liijtiids insol itcii ^or{ 
niiicliourA . . 
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A remarkable point^-'fiuticcd in these experi¬ 
ments was that ^duioii of water increased 
the raio of acti4>n of the liglit. This anomalous 
elTi'i t may have been duo to the^partial decom- 
])osition of the ferric suites well as *d the fact 
that Ibo upper layers tho ferric )ch]oride 
absorb inucli of the light . nd prevent it pene- 
Iratiii^lfar into tho liquid, ^ 

According to Amato ((?. ^^4, 67), many re- 
actiot;: which are produced by sunlight are not 
real y due to this agmicy. Amato considers that 
^icts tin'i'n- certain de^erm^ate con¬ 
ditions of tcmpciTiture, and that consequontly 
there arc limits of vmperaturo within wliich 
light do/j%io} act in a ciiemical way. ‘He frjnd 
that ^mix'iure of Cl and F, if cooled to —12° 
couhi be e.\)^< cd to the direct rays of the sun 
h)r hours witVu at combination taking place. ^ lu 
this cxpcrimojio ci^e must be taken that the Cl 
is not exposciPto the sun’s iay.s before 
as insolation renders olilorine capable St com¬ 
bining with hydrogen even ‘u the dark. 

Inflde.xk of Fbessuiie. —Many substances 
-when sdbjeded to the 'v’fineiy^e of heat in a 
dosed vcssfl such for instance as calcic car¬ 
bonate, ammonic cSrbamate, or paracyanogen, 
are decomposed or c‘ianged to an extent which 
is found to limited, for a conjtant tempera* 
lure, by the pressure of the res‘Jling gaseous 
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produetf.* When fh« i^Banre o{< the eT«lt^ or, certain salts are decomposed 'nnen neateof 
gases has reached a definite valiie no iuither ibnt one phase of the change takes place at a 
altci^tion takes place. If, however, the pressure lower temperature, or more easily, than aiwther 
is maintained below this limit, by ali^ving the phase. IWould see!n probable, thereltoe, that 
gases to escape, complete decomposition results, if a snitaDjk mate^i^were introduced into a 
The considmation of the influence of gaseous chei&ical system^iiTOiight so react with certain 
pressure in ludh instances belongs to dissocia- constituents of system as to upset the pre- 
tioB \q. V.). There ai%, however, a fe(v chemical vious equilibrium to sn|ih an extent that what 
tbanges known, otherrthan those of dissQpilition, was before merely a tendency to undergo change 
whieft Mcur only undiT con8iderah',^res8ure3,« *would become an dHual chAgo, bel|inning at 
and othSs again whieij, are prevented, or at the point which before the fttfoduction^f the 
least greatly retarded, by pressurg. * ' catalytic -agent was the weakest point of the 

Cailletct ILJSS, B95) found that, fapre- system. The catalyti#agent may be regarded 
senting Die amount of action between zinc and as tending to form, with one of Um constituents 
IipiAq of a definite «trength under ordinary of the system, a d%mpound too umtablt^o exist 
• atmospheric pressure* by 10, tnei •'ftion waa under the conditions, which compound imme- 
redu<3*t^to 4 7 under a pressure of t>0 almo- diately breaks up, leaving the so-cailed catalytic 
spheres, afi^aundcr 120 atmospheres the amount agcijt in its original condition, free to react with 
ol ‘tion in ^ame tiino was onjy •!. The a fresh portion of the system. « 
amount of action between HNO;, and CaCO, Contact-action would seem to be rather an ill- 
under pressures of 1 and 150 atmo^tpheres he chosen term for thif. class qf reactions, since 
found to be as ll'OO: 1. all chemical t^ombinationsti^ply contact. It 

Beketoff (.C. ii. 48,H42) rcduccdfolutions of is also well kno^vn that many soluble salts if 
silver nitrate and sulphate, and ammoniacal •placed in contact .vith insolubje salts or pps. 
silver chloride, by hydrogen, under pressure—re- adhere tenaciously to these. «A. strikin^nstance 
actions which do not take place at atmos^erlc of this kind of contact-actj,on is exhit^tod by 
pressure. metastannic acid. If a smrvll quantity of this 

3y mere mechanical pressure Spring (B. 17, powder be shaken up with a higlily ferruginous 
121o} paused several of the metals, such as solution of aluminium sulphate.^he ferric oxide 
copper njid lead, to ijombine with sulphur, and in solution is Seized upon by^ic insoluiblemota- 
also brought about the formation of many^ stannic acid, leaving a soliitiun*of aluminium 
alloys. wilphato in which scarcely a trace of iron can br- 

CoNTACT-ACTioNS. —Catahjsis. Cyclical Ac- detected. 
tions. —Catalysis, or contact-action, is the name I’rom the evidence that exists rivaling to 
giverftb a-raimerous class of chemical change^ what is strictly known as catalytk: action, if a 
that are induced in certain chemical systems by word were necessary to disdii^uish this kind of 
A substance which does not itself undergo any change from ordinary chemical reactions, 
permanent alteration, but which by its mere action or cyclical change would seem to be near 
]>ro8ence under suitable conditiofis brings about the mark. * 

a re-arrangement among the molecules of the The instances tha* a^e knoW amwng gases 
bodies with which it is placed in contact. The in which the presence of a body brings about 
material which acts in '‘his manner, without chemical action in an otherwise stable gaseous 
ipparently being affectcdiitsblf bvthe changes it mixture seem to be explained^y %psuniin|!f that 
nduces, has been termed a*oatajytic or contact- contact action«uercly causes iv condeif>>ation of 
ngent. * * gases upon the surface of the material that 

A^ording to the theory of Berzelius, who brings^boiit their union. Faraday (2*. 18S4. 55) 
was the fir^ to study tlVh class of reactions, such found that if a plate of perfectly clean platinum 
bodies affe possessed /f a peculiar property or is brought into a mixture of hjdrogen and 
power which he ienj^dd ‘ catalytic force,’ qic the oxygen, combination of the gases begins to take 
power to bring abo^ chemical changes. Berze- plac^, at first slowly, but at a gradually in- 
lius assumed thismatalytic force to be of the creasing rate, until combination occuil^ with 
character of an electrical force. It seems siin- explosive violence. This combination was con- 
pier, however, to regard such actions as being sidered by Faraday to bo due to the condensa- 
merely mafLifestations of the same property* or tion of tho gases upon the metallic surface, 
power that is exhibited by all forms of matter whereby the mol^viulos of oxygen ah^ hydrogen 
unde^oin(( chemical change, or the tqanifcsta- were brought into such close contact that 
tion*OT tho afi'mitics of one kind ok'ma^ 'r for chemical union took place. Tho presence of 
another. It is reasonable to suppose thSl^in small quantities of GO or CSj prevents the Mm- 
every chemical system there is a tendency'll bination of thb oxygen and hydrogen by agd of 
und^go change of some definite character, such a platinum surface, although the metal is not 
for icstance as hydrogen and»ox^gen to unite, found to^lose its powe^ if aftervmrds ytoged 
cane B^ar and water to form glucose, potasslo into a pure mixture of the gases. Small q^nti- 
chlorate to give olf oxygen, Ac. The conditions ties of such gases as ffr HCl, however, so 
under which tho system exists may b^^uch tnat alter the platinum-surface that the metal is now 
the afhnities are in a state of stable equilibrium incapable of ejecting the combination of H with 
among thcmsclvet. Every system [may be re- ‘ 0. Otfier 8ub8tano€|^3u<A as qharcoal, pumice, 
garded as having a weak poUt, or pl'mt of least rock crjintal, &o., act^ a similar manner tp, 
resistance, at which an aj^cratipn will most but less ramdly than, platinum. Platinum also 
easily take placr. For instance, in tl^ reduction orings; abom the cembination of SO, and^ to 
of certain mq^Uc oxides, tho oxides are first form SO|, ,ol NH^bndiO to form HN0« and 
reduced to lowr oxides and then to the metal; H,0, *&o. *• 



Kpnowafc# {B. 17, 1300; 18. 2808). ^hen 
Iwmining the vapour density of tertiary 
.mylacetate, found th^it the dissooiation-pheno- 
nena exhibited by .the vapo\^ of thi| body are 
ndaenced%i a stiflcmg idanner by the^esenco 
)f man^ finely divide 1 su1^)(^ea such^ silic^, 
na^esia. calcium sulphate, The effects 
varied with the chemical, as ■will as with the 
physical, characters of the substances placed 
in contact wUh the vapour. To such a slight 
sxtent have mesc cBntact a^Rons been studied 
that it sSfems as yct%ipo^ible to interpret them 
In the same way as those chemical actions which 
are here termed cyclical. ’^Faraday’s theory for 
the action of ^atinum in briiming about the 
union of wygen’and hydrogcnifcy a merP con¬ 
densation of the gases wo\Ud seem to be the 
most xt^onabla explanation in the face of the 
facts at present known. 

Examples of catalytic actions are knovm 
among, liquids, which may be e :plained on the 
thehry of cyclical clmngo; k^ch arc the evolu¬ 
tion of oxygen from ilolution of aliypochlorito 
wffbn warned witli cobaltous or manganic 
oxide, and ffm decomposition 8f liydrogcn per¬ 
oxide by %ianganeS9 dioxide, finely divided 
•platinum *or silver, o^ by oxide of silver. The 
last case <8 remarkable, for hero oxygen is 
evolved both from the silver oxide and from the 
hydrogen peroxi^i^ to explain this, and a 
number of •anal^oui reactions, Broftic (T. 110, 
750) assumed that atoms of the same body may 
IJSae an attraction for each other or be in a 
state of polarisation. Brodio expressed the 

reaction of Ag-^f^with Hp. thus, II^OO + Ag^O^ 

HjO + OO + ARj. • • 

’ The change of cano sugar and water into 
glucose, and of ethereal salts and \ .iler into 
acids and alcohol#, in the prcsicnce ol acids 
which thenftelvcs rcniai::^ ^/ichangcd, are other 
instances of catalytic g6tion probably of a 
•yclical^haracter (sec Affinity, pp. 71 e( seq.). 

If potassio cl|ior«e is heated alone it melts at 
ab^it 345®o. and on increasing tlie*tompcrature 
to about 370®C. oxygen begins to be pvodi^ced. 
Many substances in a line state of division when 
mixed with tl^ salt cause an evolution of oxygen 
much below the temperature at which the chlor- 
Rc decomposes when heated alone, and without 
the salt entering into a state of fusion. T^e 
substanc^ which ^#^cilitate this decomposition 
do not thems^es appear to undergo any idinmi- 
cal change. It is probable that the theory pro¬ 
pounded by Mercer (B. A. 1812.^32) to explain 
analogous ohSmical changes is the true one, viz. 
that the material which facilitates the decompo¬ 
sition has a tendency to pass into a higher state 
of oxidation, and that an unstable ^ompound is 
fdrnjpdfbutis decomposed at the tcinpe-jaturo of 
the experiment.^ On this hypothesi# the potas¬ 
sium ol^imte is regarded as being dccom^sed at 
the lower temperature by the double effect of 
heat and the affinity contact substance— 

as MnO,—for the oxygen of the chloratej Heated 
by itself, potassium chlorate passes througji an 
intermediate stage. in fts ^decomposition with 
the 4>rmaiion of perchlorate; this intennidiate 
stage is represented acoordinMto som^chemists 
by the<equation 2KCl0,’»K(jD4+^cr+03j>but 
fit annoara to be mtre coirecti) expressed by (he 
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'equation 10KC10,=6KC1D.4 
g. ipS, 248). ■ If, howelfer, 


clilorate, 
higlMir 
\ formed, 

mVl 


TO* 

4kcil4.’«0_ (Tesd, 
manganesAyoxida 
Iteated with* the ohlorato, no perohlorata ia 
formed; this fact may be explained and uae^aa 
an argumeiSin favour of Mereer’s view, by anp- 
posing that KCIO, when decomposed by itself 
forms KCl and 0„ and that the ims|ent ozone 
oxidises a|Sccoi,d molecule chiBrato to per- 
.1.1—j„ ,|,g prcBcneo of MnCl^a 
,t «ry unsfable jaide of manga^so 
^ arai is almost ymullaneously^oom- 

posod. The oxides whioli ssost markedly fagitato 
tfSe dcimniposltioiaof potassium clilorate are lisa 
rule frftse the metals of wUich fftun several 
oxides. It is a well-known fact that the oxygen 
prepared from KB10;„ either lif lieating the sall^ 
alone or miv..fw\uth MiiO;., H#)(i§iiles iodine from 
an alkaline iodide ; this is usually conKt^tta# to 
be due to a trace of free oldorlno ;jj!;#dfia^ how¬ 
ever, be occas^ned by a little o/,0i\jflhat esC8^;if 
decomposition by tlie MnO... or the KCIO,. 

Contact chemical action, whatever bo its true 
cause,plays a Jilghly important part in several 
imlustrial opA’ations, as tWt! inversion of cane 
s?lgar, the conversi^fn of .starchy matters into 
glucose, the decoloriiHilion of sugar solutions by 
charco^, and probably in the purilication of 
waters by liltrrj^n through porous media. For¬ 
merly tlie great industrial processes of fermentj- 
lion in the formation of alcoholic liquors^crc 
referred to this cause, but it |}eems now tJrtain 
tl^it such changes are plmnomena connected 
with organic life and not with those of unorgan¬ 
ised matter. 

(For a theoretical consideration of catalysii 
.Mendclicff, B. Itl, 45(».| * 
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der- licn of tlio facta that are knowi 
clien^ical change shows that in th' 


A con.■ 
relntin;.' to 

study of the sulqtet not only must tlie kind o.. 
qu.iUty, and the mass, of the reacting matter, bo 
taken inlo account, but attention must also be 
given to (lie intrinsic fc.ftcs that come into play, 
as well as to the yotioli <A molecular or atomic 
motions. It is not ht present so much the 
relative values of these forces tha^one dcsirqsto 
know, in whatever way they may bo measured, 
as the circnm^dancf.' unde.'which the forces act, 
or arc modified in their acti\i. It has been seen 
til'll aVyilomic structur- s art Possessed of rela¬ 
tive degrees of stahilitv, us i3\iown whefi sub¬ 
mitted to the action of jiliyfical agencies, or 
when they play an active par'- in chemical sys¬ 
tems. this stability ijcing duo to the interaction 
of the alfinitics l.rjdiug the structure‘^iogether. 
Tlicso forct i oraflinities offer different degrees of 
resistance^ tj iho action of different agerxies,^d 
it wou’ys. A to be onlybyjthe study of such 
intlu.vAccs that a rational conception of the 
nature of chemical action will be arrived at. 

That the uU'jjiate constituents of matter— 
the atoms or m'ileci.le.s- are in continual mc^n, 
the interdiffusion of gases, and of salts idi^olu* 
tion, .^eems to prove; atid the fact that, in a 
chemical sx^tom undergoing change, Juch change 
i^ more lf*ss gradual, taking fractioua of 
seconds or wl jilc years Ix^ibc acciihiplished, seems 
to offer conclasivc prauof that the atomic consti¬ 
tuents are in actntin jil motion of interdiffusioa. 
But whether uor not the charge going on in a 
chomicat ayatem is brought abo-'J by simple 
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Mdlinou imong incmoTing molecules diomotyrpon' some psttioalar (IjmsmldK* propeMil 
be Bss^ed. For iastsSie, anhydrous slcohcd an^ vnich should include not the conoeptian^ 
icetio acid, when mixed in equivalent proportionln mass but also the ooKtceptiois of time ana work; 
react upon each other at ordinal^ temperatures it is evideur!) howe^, that ilm diffioidty Ves ini 
with extreme slowness; in laot, it t/^es months the kin^-^oi pheimm^a to be obnrved 
to accomplish what at 100“ requires only mgasnre^ Mills hr/M. [6] 1) has propounded, 
minutes, wd yet it is highly probable that very certain ideas r^^ung to ohemical phenomena,, 
many moA wllisions occur betyfyen the alcohol making motioit^he basis of the science; and ho' 
aalS the acid molccfiles than the rate pi change considers that chemiCctl substances should b» 
would lead us to cc^nclude. It maj(‘lri*tha* in valued not lot whaj lheyeire conceited as being,, 
thdee end similar ct-es the mqj^ulos ol thd but lor what they aie oapab]^ ql doing. Doubt, 
two poiistituents ol the system must be moving less, however, the being ad well as tB4 doing 
with a definite velocity il chei^cal action is to most be considered together. The masses of 
occur. But>the kinetic theory ol gases teaches various bodies neoesskry lor the pcrlormance of 
that in a space ol unilorm temperature some unit ol work MHls terms the ^namjfl equiva- 
niolecules have High and otherq low velocities, lents, *or the ‘ oergmannics,’ oi the ■d'eapective' 
and that the ratify between the nvlL.'*'»ra ol mole- bodies; these may vary according to the sort ol 
cuU'ihaving high and those having tow veloci- doing, or work, the several substences i .e em- 
ties vatic i.with the temperature; consequently plqycd to effect; such as the powgr ol various 
uA,chemicai>^)lange which occurr may bo but acids to invert sugar, or to decor^ose ethereal 
a process of selection among the molecules salts, the precipitability of salts, the coefiloieuta 
according to the velocities they possess, those ol diffusion, ^c., &o. For^^any valuable deter- 
with velocities below a certain limit colliding, but minations ol uynamical effotts ol substances in 
not reacting chemically with, each lHher. inducing or accelerating chemical changes, see 

As chemical reactions are generally lormi^ the work ol Ostwald. For tt lr.ll account ol this 
lated, the phenomena of chonge are lor the most work v. the article Arrnhir. (In (sonnexioit 
part at present viewed only in the light of the with this article, v. the articles: Affimitt ; 
distribution ol certain masses®-'! matter of Allotropy ; CnsMiCAL and* physical Pbopbrtiss 
v^*ious kinds, and no cognisance is taken ol the of bodies, connexions between ; Combination, 
changes in the energies of the systems as these chemical ; pissooiATioN ; IlftriLiBBniM, cuemi- 
pass hipm the initial to the final states. In the cal ; Isomerism.) 
blank that is at present occupied by the sign ‘ =; ’ 

he all the real phenomena ol the science ol Additional References. 

matter. Attempts have been made to fill up 

this blank by the investigation and measurement , Essai de Micanique chvniquet Berthclot. 
of 'fije hoat-disturbances that arise when •. a ^udes de Dynantique chiin^ue] Van’t Iloi7> 
ohemical system pass'ba from the state reprj* Etudes siir Ics ICquilibre./^ cnimiquea, Lemoine 
sented by one side of the equation to that repro- (a> very full work on the subject). Modemeit 
sented by the other side. By virtue of the Thcotien der Cfictnie, Meyer. Jrniiciple& of 
inherent forces or affinities, a» well as by the Chemistry^ Pattlson Muir. Ij^hrbuch d^ oXlge- 
particular motions of the ultimate particles or nieiiien Chemie^ Oslj^f^ld. Cheniidl Actiont 
atoms of matter, all substances may bo looked Gladstone {T, 1855). •Gkcniical Equilibrium^ 
upon as possessing a cei^-ain definite amount of Gibbs {^Transe Connecticut^ Academy qf Arise 
energy, potential as weP. ^ kiqetical, and con- and Sciences, 1875. 1878). Change 

sequently as capable of performing a definite determined c^jHcally, Jellett "{TranSe'E* Irish 
amount of worijp. The tendency 8f tho constitu- Acad.^ vol. xxv.). Speed of Inversion of Cane 
eQts of a system is invariably towards a state Sugett , Influence of Acids, Heat, dc., TJreoh {S. 
the aUainhiont of whi* a involves a degradation 15, 2457; 1C, 762, 2825; 17, 495^ 1639); also 
of energy; in other >4)rds the total energy of the Ostwald‘(tT. pr. vois. 29 and 31) and .r’leury (O. R» 
system tends to feff from a higher to r, lower 1875). Influence of Pressure on Combustion, 
level. fFor the gej^ral inferences that have been Frankland (T. 18G1). Spe^ of Substit^t^ of 
drawn from the ^study of thermal phenomena Bromine in the Patty Acid^ Hell ana urboh 
bearing on the applications of the laws of energy (B. 13, 631). Speed of Absorptifffi of Oases, 
to chemical change reference must be made to Heurter {Monit, Scientifigue, 1878); also Hood 
the sectioL. on thekm/il pheno'iena of the afhcle (-P- 1884). ^ction of Oxides on Carbonates, 

Physical methods used in chemistby.) Mallard { A . Ch.''l879); also Mills yC. tT. 

It is ipuch to be desired that a classification 1881, and 1882). Chemical Changes in Oases 
ol tile elements, or, what seems l^ssible, (Mathematical Theory), J. J. Thomson 
oi their compound, should be attemptcd,"^i^;sed [5J xvUi.). 


END OP THE FIRST VOXiUK 
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